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THE MANAGEMENT OF TOWNS. 



Whenever tnen hare dflpRrtrd from thnt sitaple node of life 
in which each family prfsvidi^s wilhiti iisclf for tht safety and the 
witnta of its meiubcn, niid have j/nthered together iu considerable 
nuinbeni upnu a limited area, the necessity for sauilnry regiila- 
lions of totor- kind lias snnii niiul« itHCilf dtiuigrfftsably evident. 
We have proofn of tbe existence r>f aiicb regnlatlons snion<; the 
ancients, balh in written racorda uud in thoae remains of works 
for drainiLge and water-supply wbi<':h time haa spared. Yet 
there are no chapter? in Instcry nioru aad tlian tho*e which rucord 
t}i<? warninRK by wbicb men lenrnt aluwly to protect tliemseWes 
from thu edVcla of overcrowding, and tbe r«ady for^tfulness 
wbicU a uoiton of impunity has always induced. In our own 
country, fi'oui the time that the ;;^rowth of towns be^n to l>e 
fonered by pranl^ of privileges, the footateps of pestilanee are 
everj'where Irnceabic, Htid even surIi smaller acttlcinuntii ilh the 
moiusteriea that were ]>laiited in the open country bad not a 
complete imrouDity. A» the population increased, which it did, 
in spit« of plague and the miid«r scourge of war, dirt, \a all it« 
f^nns, lUcrmiMd with it, and held tia place, aa it too often holds 
it uuw, by prescriptive ri({ht; where possible, it was bid from 
aij;hti and Its appeals to the eist«r sense were neglected, or, when 
on a smaller scale, were quieted with the iierfume of aromatic 
herbs. Krom timu to time, however, efforts were made to check 
t!i'- 'ucreasiiig Impurity of the soil, the water, and the atmosphere, 
:ia attempt to grapple with the eril upon a large scale had 
uiiich chance of success. Tlie mass of iguoi-ancc and prejudice 
that hail to be o\-ercome was usually too inert to yield to tbe 
aifbrta of the few, who saw by a dim and uncertain light the 
ualnre of the mischi(-f, and its cure. Tbe power of meddling 
with private rights, and nitiug pm[)^rty for public purposes, was 
Dot easily wrung from men who did not fully believe in tlie 
urgency of the case, and wliofte interests were heavy in the scale 
of nnbtlief. Yet, iu some cases of strong necessity, special 
powers were in proce^M of time obtained by public bodies to 
tti^e better provioion for the he&ltb of towns, and since the 
OMOueucemsot of the last century, such powers liave, in uume- 
rouK cases, btjon obtained by the troublesome and expensive 
process of private Acta of Parliament for the drainafre, cleansing, 
paving, ligbtiug. and watcbiui; of particular towns, for supplying 
tbeni with wnwr, and for otb«r useful objects. Thftse are tlie 
Imiirnvement ActM which, until lately, were the chief means by 
which the iubnbitHUts of a town might obtaiu, by common 
actiou, the atlviintages above euumerat^d, aud enforce upon tbe 
thoughtlcsB nud ill-dispuseil snais re^rd fur the public cuuve- 
ni<--n'.-c. After h while, advantage began to be toliea of the ex- 
]'L r.t^uce that had been gained in the working of the older acts, 
mi'i a degree of uniformity exists amongst those of later date; 
the legislatara bcin^ generally ready to ^rant to now applicants 
such powers aa had been found useful in other caaes, and the 
applicanta being williti^ to bui-den themselves with charges that 
were borne elsewhere. The rapid growth of towns io the prtseut 



century tended, of course, to make the adoption of new armnge- 
ments a matter of ovidoot aecessily, At length (coming to 
within about twenty years of the present time) it wkm deemed 
advisable to pass a series of public acta, which might bo easily 
applicable to alt populous places, and would regulate their 
mnnogetnent upon such a system as was then thought best for 
the purpoaes bad in view in the old local and private nets. This 
end was not obtained at once, but, beginning withtbeyear 1847, we 
have a series of acts, such as the Towns Ituproveraent, tbe Police, 
and the Markets Clauses Acta, the Public Health Act, tbe 
Kuisaucea Kemoval Acta, the Local Government Act, and some 
others applying to EngUnd generally. In London, " the City'" 
has itt special act, aud the surrounding districts are regulated 
by the Metrofiolls f^ocil Management .'\ct, I8A5, and its amend* 
ments. With some of these the Lands Clauses Consolidation 
Aut is iucorporated for certain purposes; and the whole form a 
body (if laws which, however imperfect they may be, are a vast 
stride in tbe direction of health, comfort, and couvenience. 

It will be understood that these acts ar« intended to pro- 
vide for the management of towns, not only in mattera nnich 
have a direct bearing upon the health of tbe people, but 
in matters which affect their secarity in person and property, 
and in other matters nee<Iiag to bo rognlated where dwefl- 
ings are closely packed, nud traffic is thick upon the streets: 
siicb mattera as are not provided for by laws affecting trausac- 
tions between one man and another, or such as from their nature 
ought to be dealt with before they produce materials for private 
litigation. Amongst those are intorferences vitli, and obetrnc- 
tions of, the public way, and modes of using private property so 
as to produce d.anger U) inmates, nelghboum, or passengers. But 
all these are mure or leaa connected with those which near more 
directly upon health, for even when they do not luvulve danger 
to life or limb, it is difBcalt to say that anything which inter- 
feres with tbe couveoieut transaction of business, and rendera 
the performance of necessary duties troublesome or impossible, 
doGB not also tend to deatn^ life by diminishing the means by 
which we live. These are therefore property made the subject of 
eoactmeuts which place their regnlation under the same local 
autbiiHticsas have to deal with mRtters more directly affecting 
health. 

In determining the measure in which the powers granted fay 
the leginlature ought to be exercised in any particular caae, 
opiuious will naturally differ to a consiilerable extent, Oranting 
that perfect arrangvmenta for draiuage, deansiug, tighliiig, &c. 
are desirable, and ai-e Ihoee only which work ellectually at all 
times, every defect being at once discovei'ed aud remedied, it will 
follow that every abatement from this stnudsrd is, to the extent 
to which it goes, a fiulare; and. in rfftct, that all arrangementa 
hitherto adopted are fikilures. But, as in most other matters, the 
provision must be regulated by the extent of the evil existtoi; 
or apprebeud«d, the test of efficiency in any particular arnuge- 
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ment being that it answers iu parposA, and is good of its kind. 
In thinly- peopled diatricls it may happen that defects will exist 
without prodticing the evil coDseqQeDoes which woold result if 
the popQiattou was greatar. But the poverty of a district is too 
fireqaently allowed to fonn an excuse for neglect in sanitary mat- 
ters, when, in fact, it is a reason for increased vigilance and care, 
lu such a district there are improvements which, as they do not 
act apon the public health, may be poetponed without injury; 
bat those which tend to check the spread of disease should be 
effiooted, whatever the cost may be. On the other band there 
are, in all towns, parts where the Improvemeuts nestled will be 
chiefly such as oooduoe to the convenience of residents and tra- 
vellers, and where the rateable value of the property will justit'y 
a large expenditure for these purposes. 

Many matters of detail are to be considered in judging of the 
state of a (tarticular town; butafter m.-tkiog every fair Allowance 
for difficulties, local or otberwiae, there is reason to believe that 
in very few places is there any effectual carrying out of such 
nuita^ arrangemeata as are in the power of the local authority, 
and are of admitt*>d necessity. We see proof enough of the 
tardiness with whicli the most important improvementa are 
adopted, and of the effect of private iotereats in counteracting 
mflMores of public benefit. Powers that are conferred upon the 
local authority are exercised timorously; contracts made by them 
are, either from insufHcient foresight or from some other cause, 
left, short of complete fultiliueDt, while duties that have been 
cast upon individual iubabilanta are in many places habitually 
neglected. To speak only of such things us are immediately 
under the eye, the roadways are formed in a maimer, and of 
mAterials, that encourage the production of dirt, if they do not 
assist to produce it; thev are not thoroughly cleanecd, either in 
wet or in liry seasons, while that portion which the inhabitnntft 
are bound to clean ta neglected witli impunity. They are thera- 
b^ enoooroged to make the roadway a pluoo of dcnoait for the rub- 
bish which they are equally bound to deposit elsewhere. Com- 
plaiala of the lighting and supply of water are also frequent 
and well-founded. 

For these, and most other evils of the same kind, there are 
remedies provided iu one or other of the sanitary laws, and these 
remedies should be^tpplied with firmness and moderatiou, both on 
account of the public health, and because a great part of the 
enjoyment of a town, and the value of the property in it, 
depends upon the state of cleaolineas and comfoil. iu which it is 
uatntaioed. The beauty of &ne streets and costly buildings is 
destroyed by neglect, even in trivial mattem; as iu some cities 
whose architecture is of tlie highest doss, the visitor is teased 
with an evei--present sense of nmsance but half concealed, that 
destroys the onarm of their beauty, and lowers their grandeur to 
the comtuou level. 

Wherever the state of things which has here l>een indicated 
exists— «nd there are parts of the metrapolLs, as well as provincial 
towns, against which the charao is frequently made — a heavy 
respoosibdity lies at the door or those in whose hands the power 
of local ffoverumeut lias been placed. It may be that tboy do 
not aue the importance of the duties th&t are cast upon them, or 
that they feel bound to protect the pockets, rather than tJie 
higber interests of the ratepayers who placed them where they 
are. In auy case, it becomes the duty of those who can promote the 
action of any p&rl of the machiuery by which towns are governed 
to use such means as are at command, and seem likely to produce 
useful results. We regard the preseul tiine as favourable for 
drawing the attention of our readers to tliose portions of the 
subject which are in their province, nnd pointing out means bjr 
which they may help to forward those reforms for which there is 
too much room and too much need. 

In the Acts of Farliameut to which reference has been mode, 
power is given to appoint an officer, who is therein called the 
surveyor. Ho ehoulJ bo a properly educated surveyor or engi- 
neer, of expetienco sufficient to qualify him for the important 
duties ho baa to perform, and for advising the local authority 
upon practical matient within his department. The number of 
men beloufnng to these professions who are so employed, is large, 
and is likely to increase. The appointments are in some caaea 
lucrative, aud will probably increase iu, value as their importance 
becomes more strongly impressed upon the public mind; for It 
would hardly be too much to say that where the local board is 
not itself oMtmctivc, tlie proper action of the whole machinery 
ermted by these sanitary acts depends mainly upon the efficiency 
and the ioflneaee of this officer, as their responsible adviser, and 



the medium by which their works arc carried out. From the 
constitution of thbse boards, the members of which change fre- 
quently, and are usually elected on other grounds than that of 
special fitness for dealing with sanitary matters (thongh their bus- 
iness qu.nlifications may fit them tor deciding upon such matter*, 
when they are properly laid before then)), there is constant need fur 
experience in their officer, aud for knowledge of the experience 
Uiat has boon gained in other towns, Ue is bound to be pro- 
vided with information of this kind, and, working in harmony 
with the medical and other oflicera, to carry out the orders of his 
board wiDi economy, particularly o^ the bulk of the money nused 
by mtes is expended through chaonela over which be has oon- 
troL In the interest of those who fill this office, as well as of all 
who are affected by the gixxl or iU management of towns, it Is 
our intention to give, from time to time, such information as we 
can obtain with rM;ard to the pmctice of those local authorities 
which, from the importance of their district, or from their 
leagthcned experience, may be supposed to afford the best ex- 
amples for study. The materials available for this purpose are 
of various kinds, and without interfering with mattoraofa prirate 
nature, it will be possible to obtain from ofhcial documents, and 
other trustworthy sources, a Inr^e amount of information that 
will prove serviceable iu the rariouH departments in which the 
town surveyor is called upon to net. 



ON THE MECHANICAL CONDITIONS OF RAILWAY 

WOIUilNO TO PREVENT DESTRUCTIVE WEAR 

AND RISK.* 

By W. Bbidoes Adahb. 

Tris is a subject not of mere local or of class interest In days 
gone by, when a man was by the mass of cockneys esteemed a 
traveller if he had been to Oravpseud and back, it would have 
intere«ted bat a very few to diiwxiurse on the meHne of transit, 
but in the present dny, all men, women, and dvildren, have 
become locomotists, getting hack to n state of nature, like the 
birds and wild anitonln, and no longer confined to the spot on 
which they are born aud bred. And a very good thing it Is for 
themselves and genei-al humanity, thr they thereby become edu- 
cated, not in the sense of book learning, but in the sense of know- 
ledge of men and things, expanding their thinking faculties with 
the more healthy growth of their bodies. We increase thereby the 
number of men and women, instead of mere hnman animals, and 
we increase also national power, which is not to Iw measured by 
animal units, but by the mass of iutelligpace, hralth,and physical 
strength — in short, vitnlily. Tt in betli-r to soar like birils, than 
to burrow like rats; and though we cannot soar above the earth 
with guiding power tike birds, we contrive to skim along the 
snr&oe, thoogh nut quite so fast, and do not yet see our ultimate 
limit to speed accompanied by saf'i-Sy. We are fast beoomiug a 
nation of mechanicians, aud each man's strength is as the strength 
of ten, as feat as he aci[uire3 a sound body for a sound mind to 
dwell in. The subject !« possibly a dry one in its details, but out 
of theee dry fecta must come the growth of progress; and this 
must be the writer's apology for dwelling on them, though iu as 
succinct a mode as laoguage will permit. In criticiaing any sub- 
ject it ii but natoral that the critic should devise plans tor 
amending that which lie deems wrong, and in so doing the writer 
would deprecate any appearance of egotiam in dealing with hia 
own plans. 

In vehicular transport the contact between the vehicle and the 
rood it moves on, may be of three kinds, sliding or sledging roll- 
ing, and a compound movement, partly sledging and partly 
rolling. The sliding movement may be converted into rolling by 
the application of water, oil, or unguents, the particles of which 
form rolling bodies between the vehicle an'l the road, as with the 
ship on water, or with the wiue sledges useil in Madeira, where 
the driver sluices the j-oad beneath the sledge runners; or with 
the winter sledges of cold climates, where frozen surfaoes supply 
rolling particles. If actual contact between the moving vehicle 
and the road take place without the intervention of rolleni or 
lubricants, destruction must ensue by abrasion. 

Where no means exist of supplying lubricants to the road sur- 
face, the next process to ease the sledge is to place rollers under 
it If the rollers be true cylinders, and are not fixed to the 
sledge, and the movement bo in a straight line, there will be 
absolute movement without friction. If^the rollers be fixed to 
^^spnrMAtiefcproUMBwMrrfArt*, 
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the sled^, by axles pouing through tliem and beariiif; the lond, 
th« frictioD will be tnuuferred to the surface of the axle from the 
sar&oe of the rond, and wil] be greatly redace<l if the oil or 
Dogucot forms au efijcient liibricaut. If the roller bears od the 
1 throagh itn Icngib, and be a true cylinder, it will move for- 
mrd in a itraighi tine. If it be cf a ronicnl form it will move in 
a cnrred line cormponding to the cone But if two coned rollers 
be fixed to the iiledge with their nxl^s pnnillel, the movement 

LVill be partly alidiug ajid partly rolling, with ^reat friction in i\ 

bfcnight line. If the two cooed rollers be not pArallet, but nrt- 
amoged with their axles in converging linea corresponding to 
tfcs eonea, the machine will move in a circle, the centre of which 
win be the point where the converging lines intersect each other. 
The ancient Greek ami Roninu cnnt were raouuied on rollers; 
I.e., a pair of wheels oonuected by a fixed axle running between 
tboje-pinfl, such as up to the preseut iJay we see in the wine cart 
of Portugal and parts of Spain, which are unfitted to turn corners 
and make so fearful a squeaking when running out of a siraigbt 
line as to give rifte to the ja«t that they are so ordered to gtve 
warning to the custom-house oQicer in ease of smuggling. Double- 
roller oars also exiHted, with fixed parallel nxics, and this fanlty 
mechanifliD was probably one c^iUFie why the old Itoraan roa^Is 
were made in atrTiij^ht lines, tut it w-ts eaaier for such cara to run 

' Bp htU than to fullow curves. Ethu Nupposing the cajie of four- 
vheeled cars with two wheels running iude|»eudeutly on their 
J theoe cara cuuld still only run io stntifibl lines as long aa 
sr axlee were rigidly |uira1le[ ; and in Kn^laiid it wan only 

^during the reign of Qoeen Elizabeth that what were called 
"taming carriages" first existed, 1. 1., with a mechanism that per- 
pennitted the axles to depart from their fixed parallelism to pass 
ronnd corveg. 

When railways, as distinguishes] from tramways, were first 
amenced, the &ulty mechauism of the early classic cara was 

'^VMorted to as a cheap structure — cheap in first cost. Wheels 
proper were ignored — i, e^ wheels ninninff independently on their 
axles — and rollers were used, i.e., two wheel-i fixed In a shaft or 
axle, which revolved with tJicm in thole-pins, or wh-it are now 

^called hom-platea. And, whether two axles, or three or more 
used, they were always rigidly paralUI. And this is the 
ommon practice in England to this day. 

What are called tramways are formed of flat plates of iron, 
nth rising edges to keep the wheels in track. Ordinary wheels, 

'MTolriDg mdependently on their axles, were uned on them. Their 
meehanical diMdvantage waa that dust and dirt accumulated on 
tke horizontal plates, and t^e wheels rubbe<t hanl acaiust the 
nio^ edges as uaiost lEerhatoneii, and caused much friction. 
Opinions are diri£d as to the origin of the terra tnunwny, whe- 
tlwr derived from an originator named Ouiram, or (rom the 
word "trammel," to curb or guide. The term "piatnlayer," oil 
railwayi, is evidently derived from the orijrinal trnni-platea. On 
nilways pn.>pe/, what is called the edge rail is used, in which tho 
increased depth gives greatly increased strength to support the 
ImuI, and at the same time dust and dirt have little chance of re- 
maining on the rails- But to keep tho wheels on, tho rising 
rirdge or kerb of the tramway is trauaferred to the wheel in the 
ibon of a flange. It is clear that vehicles with fixed wheels and 
parallel axles are only adapted to move in straight lines. If the 
ftxlea were converging, the vehicles woidd only move in curved 
lines, fiot there is another common condition, a result of faulty 
workmanship — parallel axlee not at right anj;les to the line uf 
traction ; in this cue the machine becomes a sleJge under all con- 

^tiooSj with the wheel flanges oonstaQtlj grinding against the 

With a view to compensate on curved lines of rails for the 
at lengtlia of patnway on the two rails, it has been a prac- 
''lioa to make the wheel peripheries conical instead of cylindrical; 
i&f Mfib pair of wheels fixed on the axle being practically a gar- 
roller, with the central portioa removed, are made at each 
~. friistnim of a cone^ with the smallest diameters outside, 
the rollers solid, i. e., were the coned lines prolonged till 
they met in the centre, the roller, if balanced, might run in a 
•ti&i^ht line, or it m.ight run in a onrved line to right or left, if 
baftrmg on either oone, the curve being regulated by the angle of 
the oone. This would be the case with a single roller. Bnt it is 
a &llary to snppose tliat two or more rollers fixed in a frame, 
with their axles pcrmaacntly parallel, would follow tho same 
eooditiona, even though sufficient end-play were allowed between 
thft flanges and the nUB to make the difleriug diameters across 
Uw breadth of the tires ar&ilabU to compensate for the diflTerent 



lengths of tite rails. The movement in a straight line might be 
free rolling at low speed, provided the cones had sufficient fatenl ' 
movement or end-pluy, but on oun-ce it would only he sliding or 
sledging. But it* the frame were so arranged that the axles were 
permanently out of parallel by reason of careless workmanship} 
tho machine would be a constant sledge both on straic'lit and 
curved lines. So also, if the axles were perfectly parallel, wiih 
the wheels in tho same plane, but were not placed at a right 
angle wiLh the line of tiaottou, the result would be constant 
sliding friction. 

In any of these four conditions — whether a truly constructed 
frame, with parallel axles, or badly constructed with axles 
out of parallel, or badly cnostmcted with parallel axles, and 
wheels out of plane or not at a right angle with the traction 
rod, though the first may roll at intervnls under a favour- 
able condition, the three latter must always slide, and the 
resistance to trnciion will be in proi>ortion to tho rooghness of 
the rails and the loul on them. With a light vehicle, little 
loaded, smooth wheels and polished tires and raits, and especially 
if they were lubricated on the surface, the resistauoe might be 
very smnlL Nay, a sledge might even he better than a wheeled 
vehicle, if only the condition of a lubricant could be retained. 
But a lubricant on the rail is inadmitisible, first, becanse it would 
cause dirt to adhere to the rail, and secondly, it would defeat the 
condition of adhesion essential to the traction by the locomotive 
engiue. The engine needs the greatest possible amount of adhe- 
sion, ooiTesponding to the steam power. The vehicles xhuuld be 
so constructed as to minimize the amount of resistance. But as 
at present constructed, the vehicles on a railway are in prindple 
a reprodnction of the old Roman cars on two rollers, with snch 
variations as a better or worse condition of workmanship or lu- 
bricant may induce, and the change from a common road to a 
railroad. 

Axle friction, nnder the beat conditions, is commonly estimated 
at about four pounds per ton of load, but this is usually doubled 
by a conditiou that under the best trpntnient onuht scarcely to 
exist, vis., "rolling friction," i. e., tho friction of the tires uu the 
rail, and thus at a moderate speed un the level, eight poumls per 
ton is estimateil as train re«iKtAnce. But this, it is wt*ll known, 
is very far short of the real resistance in practice, which by (|uirJc 
curves and bad structure may be quadrupled and rjuiutupled, 
varying with the speed of movement. 

A river running with a slow movement may pass along a 
winding channel without dislnrhing its banks; but the aanft 
river, with its speed increased by sudden influx of water, seeks to 
make a straight course, and cuts away its banks, or ritvji them, 
in a mode corresponding to its etymology. Even so, a railway 
train ut high speed becomes a rtrvr of the rails, at an increaacd 
cost of cuke converted int» ste.im ; and. like the river water, it 
product^s debris, uot in the form of gravel, but of black iron pow- 
der, as anyone may verify by rabbiog his finger along the rails 
after the paatuige uf a train. This is frictioonl deatnictiun. io- 
creaaed or diminished in proportion to the load on each wheel. 

But there is yet another element of destmction — percussion or 
blown, which take place between wheel and rail, friction and per- 
cussion being the only sonroea of mechanical destruction on rail- 
ways — the others being chemical. It is quite clear that were a 
tram to stand still on a railway, and never move, It might rtut 
and rot, but it wonld not wear out, and though the proverb is a 
sound one, ^'better rub ihau mst," it ii still better to do neither. 
The movement of the train begins the great destmction, and it is 
want of compensation for irregularities — a condition never disrs' 
garded by nature — that causes the destruction. The wheelc, 
when running on une([nal paths, induce great torsion of the axles 
by friction on thu rails. At bad joints or uneven surfaces the 
wheels jump from the rails, and they then recover their normal 
position, by the axle as it were unwinding iteelf, like a discharged 
spriuK, and striking a violent blow on the rail. Sometimes the 
wheels, with the axles in a state of torsion, drag along for a eon- 
siderahle distance, heavily loaded, and this is a fruitful source cf 
axle breakage as well as of rail destruction. Again, the flanges 
strike against the rails from side to side, and a constant sncoes- 
Bion of blows cud vibrations is induced throughout the whole of 
tlie train. And with long vehicles, un sharp curves, tliero is a 
constant tendency to grind the flanges and burst out the rails. 
The rapid wear of wheel tires and rails yields ample evidence 
of this, and the probability is that nt high speed the movement is 
aa much sliding as roUins — side as well as forward sliding. But 
for the partially polished sotfaots of both wheels and tires fiseili- 
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tatiug Blip, at the Ims of mlliesioo on the driviog wlieels, it is 
probable tlint the destructirMi would be mncli more rapid. 

Arc tliRft! pi-oold needed of all this? Time waa that rails of 
00 lb. per vurd, and Stotrot-ilehire tiros ton tough in textnre to 
bi*eak, were capable of considerable duratiou. Tla-v have frontt 
hy, and raild, after various experiintrulA in making tiieni httrdei* 
iu iron, have grown to 84 and HO lb. per yard, and witli 
SeBBomer steel for loctil; and tinw, after runniufr through the 
phages of Fark-gnle, Xjow Moor, and l^edri, and various plans for 
steeling Iheir aarfa'-><», hare now cnlutloated in Krnpp'a solid 
steel. 

It is inanir ycar« since the writer hecame aware of the impor- 
tance of elastic action, even on wood whepln asM nn highways 
and paved etreet«, to induce dnrabillly, and fiwililate traction 
when high apet'ds were ne««ded. In the structni-e nf the onlinary 
wood wheel the nti-cngtli resi.)(»* in the tire, which keeps the 
weak frame together. Originally wheels were made vertical, i.e., 
with the Hpokes all in a plane, and the wiilth of Imisu wan deter- 
Uiinetl by the rutn or hoUnws which pervaded all roaiU, giving a 
kind of fixed gauy*-, much as rails do now. The bodies were 
jilttced between the npfwr part of the wheels; and when it was 
uee«Ied lo widen the bodies, the wlieels wer« made in the forra of 
n ei.ne, or what U called "dished," the axle nrnin Wing pitched 
downw.trds lo keep the lower spokes vertical, with an idea of 
•treuglh, while the upper spikes iDclined outwanl«, with a con- 
sidenibte angle. The fellies and tire were made couical, to 
ptva«rve a jl.it tread on the ground. It is evident thai as these 
whiv'U rev(dved. they were constantly grindinj the road, the 
OQter Bide of broad whc«ls being considerably Il-ms in diameter 
than the inner, while the vertic-tj spokes were conlinuLilly driving 
into the nave nnd locwenini: the fnuning. 

After trying some experiments with wheels in which hoops 
of elastic steel wert- usetl t-^ i-nnnect the perij.hery with the 
nave, instead of spokes, tlie writer had some made with the 
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joint between the tire, and a cast centre. They worked well, and 
the writer has been informed that they stilt exist Tlie difference 
lutween these wheels and the modem wood wheels is, that they 
had the elastic aide grain on the tread, whereas the modern 
wheels have end grain. The reason for fluhstitutlng the latter 
less perfect method probably was the ditlicuUy of insnriug dry 
timber on a large scale, and wood shrinks scarcely at all endwise^ 
so that the shrinkage involves less evil. 

Wood wheels on railwayx are, as now made, solid discs, and 
therefore the frame preserves its circular form without being ex- 
cessively rigid, Iron wheels have also been made in the dtso 
form, biitb in cast and wrought iron; hut then, extreme rigidity 
rendered the destruction of the tinw a very rapid process; the 
tii-e was between two anvils — the Cr&mo of the wheel, and the 
rait supported on chairs of cast-iron. 

To prevent tfiia deetmction, the writer early devised u wheel 
in which the spikes were all springs, tnit lliat did not answer, 
because the bonding of the spokes prevented the wheel from 
running tnic. The next plan was to apply a hoop of elastic 
steel between the tire and the ]>eriphery of the wheel, with a 
hollow below tlie steel. The wheel was retained in the tire by ft 
rising rib in front, solitl with the tire, and by a lower rib behind, 
Bpning into a groove of tlie tire. (Fig. I.) 

The plan was satisfactory in theory, but how to pnt it in practice 
was another matter. A railway was needefl, and railways are 
not to be found in a private field or park; tlieyarc the highroads 
of the public, and in charge of ofliccrs who^e 6rst care id to take 
no risk by an unknown plan; fur if an ucoident happens through 
a known plan in common use, however faulty in its mechanical 
philosophy, a jury will acquit the uiauager of all I)lame. But 
if the accident happens witli a novel pUn, however tlieoreticallv 
right it may he, the jnry will proliably condemn it nn new-fangled, 
ami aaddle tbe manager or engineer with the blame; and thi 
there is a natnral Indisposition in engineers to step Iwyond 
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otioD of the wood spokes reversed. The ordiunry motle is to 

-'innke the spokes deepeat from back to fi-out, but in the tm- 
provrd Hamplc) they were made broad tn the plane of the wheel, 
and thin fmui back to front. As thin -kh^ a bad form to f:iateQ 
in tbe nrdiuni-y nave, it wiw di«|*ciis^'.-d witli, «nd a pair of disc 
pLaleu vaa suhxlitnteil, between which the spokes were miti-ed 
together and Itolted. One felly waa used to each spoke, instead 
of the or^linary practice of one felly to two sijokew, and when 
cylindrical tire's— not conical — were sbrniik on, the spokes cnrveil 
from >>ftcfc lo front, and the wheel, inotead of being a rigid c.ne, 
or dish, ber.tnie an elastic dome, each psir of opposite spokes 
radiating from the centre, representing the foi-m of an archei^s 
how. Tlie fiibteuing "f the tires wa* ihrougb the ioint>i nf the 
fellies. When applied to u straight axle, with Lue arms not 

C itched downwards, the load was carried, not on a rigid vertical, 
ut oil a bent inclinn) sttoke, and tbe I'esult was that the load 
was not only carried more easily, but the wheels were, for their 
Rcaniliog. the most durable evpr coustnioted. 

In the early railway wheels the principle obtained of neglect- 
ing tbe jtirncture of the frame, and making it depend for strength 
ou the shrinking of (hr tire, jast ns wood wheels were made. 
One result of this was the ll^ttenuig nf the tire between the 
spokes, and a tire of unequal thickneNs when turned In the 
lathe lo make the external fjeriphery a true circle, and a conse- 
qneut rapid ilestrnction in wc<ir. This applied to the wheels 
with the wriiught-iron spokes. The truest formed wheels were 
thoitie of cjwt-iron with a wrought tii*e. They migtit break if of 
carelewt nii)nMing, but tliey would not otherwise alter their form, 
and the tires could be all of equal thickuess, but upon rigid 
Gist-iron wheeU the tires becnroe exposed to very rapid destruc- 
tion aB tlip lomls increiiiied. 

The writer bad eiuly turned his ntteiitioD to the importance 
of word wheels for railways, an<l as fir bock ns the year 16.16 
caused some to he coustrticLed with two rows of feUiesi, break- 



their tether into the unknown, and they can hardly be blamed^ 
fur their caution. 

^ the writer went forth on his propaganda to expound an 
nnknown quantity, butfewwnnld even listen to him, and none 
would Iwlievw; but strong in faith, he persevered, and at length 
found an engineer with a logicid mind, in the locomotive 
superintendent of the North London Rjiilway, Mr. WilUsOj 
Adam?. Tbe writer demonstrated his principle, and Mr. Ada 
wns unable to disprove it logically, whereon the writer remarked, 
" If yon cannot denionstrate it to be wrung, and I ilemonstrate 
it to be right, niid that the result if successful must be very ad- 
vniitas**"""? you arc bonnd to try it.*' ITe agreed to this, and 
said. '* 1 will try it, tlmugh doubting greatly. What wheels will 
you apply it to ?" "Those most destructive to tires." 

.So a set of wrcught-iron disc wtieela were selected, and Stof- 
fordahtra tires wore applied to them oa hoop springs, and they 
were placed under a heavy carriage. At the samo lime n set of 
ordinary spoke wheels, with a set of lw>w Moor tires fixed in thi~ 
rigid mode, were npplie<l to a similar carriage. The t<ow Mo 
tires i-equired turning up l-o restore their surface after running'' 
le*s than -OOiOtK) miles. Tlie Staffordshire tires oa springs ran 
I0(5,0(X> miles without turning up, and with no alteration of 
fonu, and were then taken off to exhibit, and may still be seen 
in the same condition. 

There is no mystery in this. Tlie Low Moor tiree were ex- 
posed to severe wear. First, because on curved Hoes they were 
Deceasarily forctnl tii slide on the rails, both forward and late- 
rally. Secondly, beoun^ they were rigidly lixed, and possessed 
no elastic yielding Ui elude blows. Thir^Hy, because on carved 
lines tlivre was a constant torsion of the axles, causing inccssaDi 
jumping. Kotiribly, beoinse the tires had no power of lateral 
nioveuieiil to suit the varying inequalities of the rails. In short, 
there was no compensation fur im-gular innvcment, and the 
result was a coottout grinding of the flanges and treads. 

With the spring tires, vn the contmry, there is universal com~ 
peusalion. First, there is no tendency to blows, because the 
elastic cushion preserves constant contact between tire and rail. 
Secondly, there is no torsion of the a^le or slipping of the tires 
on the rail, because the wheel can, ou curved liDee, slip in the 
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tin oa the iimnoth mrfnco of the spring without JAmag«, thus 
wioaluiiig lti« [laLUway. Thirdly, Uit- tire eno rock Uttfiully on 
th« wbect to wijUMt iUelf to thu beuriug oa Iho rail surfac?, 
wtii.^i. n,,.v oue may observe to be coustftutly varying, aoiuetimea 
t ' of the rail beJDj; luost promineDt, aoniclimps the 

iu. . - ,:•-. and sometimea the outnide. No other cliwa of wheel 
can niipplj tlie«e various ooni[>en»«tioafi. 

IiuporUQt as these wheels are for vehicles which nre slmplx 
drawn, iu order to remove resistance, they are stiU more impor- 
unt f(>r ongioes wiih the load grcatlj increased, and especially 
for dri»injf wheela — more eflpeciallv for engtiiea with four 
coopled drivers. It ia obvious that if two whtntU of equal dia- 
meters be fixed on the same cruuk aliafl^ they must grjud and 
drag on cuned lines, and the tordion thcnoc ensuing h the main 
e&uae of the breakage of crank axl«a, which it U ditlicult to 
make strong enough for their wnrk, the axle being in reality a 
very long axle, as wimid be rcmlily apparent wci-e it stretched to 
» straight line — between eight and itiuc feet. K>u^ on the narrow 
gauge. Wheu four wheels are coupled, the dinmelers very ra* 
|»ldly oiler by irregular luovem^Mt, and the adlieBJon may actu- 
ally become disadvantagoona, ri^tanling the engine by friction, 
like a brake. It is clear, therefore, that the [mwer of slipping 
the wheel within the tire to compensate for curves and irregula- 
rities becomes a question of the greatest importance, both as to 
facilitating haulage and preventing the wear of tirti^. 

It has been at times assumed ttiat the slip of the tire oa a 
wheel must defeat the purpose of haulage. Bnt when it is 
remembered that the bearing of the wheel is over half the 
diameter by downward presi^ure, aiikl that with n heavily-loaded 
wb«el a slight fUtleuing nf tlio tire takes place, it is obvious 
euough that slip will only take place by exce&iive friction on the 
rail ; Uiis is the true theory, bat, fur the Knttsfaction nf those 
who only believe in practical results, it may be staffed that the 
experiment has been tried repeatedly, and it has been found 
that when the tires were so loose on the spriugs as to he turned 
round by haml with the wheel lifted, the haulage was in no way 
affected. Oa a London line, of sharp curves, where the loading 
tires of onlinary engines with parallol axles had their flanges 
cOQStantly ground oti' in two months' wear, a bogy-engine was 
•et to work with a turning centre to mtiiate tbe leading axle to 
the corves. At the sjmie lime a similnr-sizcd engine, but with 
parallel axles, was applied with spring tires to tbe leading 
wheels. The rcsnlt was ihat in Ixitli cases ihe leading flanges were 
saved from dnronge, and ran tLree times the ordinary distance. 
The yield of the springs had nn effect similar to that of the piny 
nf the axle to right and left in tlie bogy, when truly centre*!, 
for if not truly centred the flanges wore unequally. 

These spring tires were adopted on the engines of the St. 
Helen's line, by Mr. James Cross, the engineer. TImt line is an 
incvisant cuutinoation of aharp ciirves and graiiients, some of the 
latter I iu 35, and some of tlia former two chains radius. Tlie 
spring tires were first applied i4) a six-whcvled ertgine, nil coupled 
drivers of 4 feet diameter. They were all of Staffordshire iron. 
At the same time another engine of less weight, also on six 
wheels, but of 4 fl. 6 in. in diameter, and only four coupled, was 
tittcii Willi tires of Kmpp'a steel, Afier luuuitig 41,(X»0 miles, 
Krapp'« tires were so deeply worn, iis to need turning up, while 
the Staffordshire iron tires ran Gj,000 miles, and then only 
required the tlitiiges to be reduced which had been deeper at tlio 
outset, the tread of the tire remaining in good shape. Taking into 
omsideration the dilTerenco of diameter, the distance run by the 
StJiffimisliire irnn was as T2,OuO, against Kmpp'a steel -11,000. 
In praciioii, Krupp's tirw) were fotmd to slip on the rails even in 
dry weather, but tlie Staffurdahire iron was ecai-eely ever known 
to slip, though working steeper gradierjts and shaqwr curves. 

Anotlier set of esperimenu wus ti-icd with two fellow engines, 
on* of them ritted with spring tires, the other with rigid tii-ea, up 
a gndient of 1 in 80, during a whole day, by ihesanie driver. 
Tbe result was, that the rigid tires constantly drew up thirteen 
Umded cmd waggons, and tlie spring tires lifleen. 

Tbe rtfHuItot' thiselastic principle h.iving been sounmistenkahly 
•dvantageoos in wlieeln, the writer begnn to consider wheilier 
tlie asme principle might not bo jirncticaliy applicable to ntils 
alsa It iit clear that the destruction of rails arises fiom blows 
bvtweeo the wheel tires aud the rails incroiiseil iu deslruclivo 
effect in projiortiuo to the load, and therefore it is that it is now 
proposed by some ntilway companioa to substilute uteel for imn 
ii) raite as well as tires. 

On ihe Xorth London Eailvmy the ralLi ar^ 32 lb. |>er yard. 



snd their average dunilloo on the main line does not exceed 
four years, if so much, the traffic on each pair of mils being 
upwards of 120 tmins per diem of goods, coal, and {rassengers. 
The great wear is not owing to wear of attrition, but to crushing, 
disintegration of the lumiute. The rails are double-headed, and 
worn out on both tables before they are taken out. The sleepers 
are 3 feet apiut, and the rails are 6xed in cast-iron chairs with 
woodeu keys, tbe joints being 6dhed with long fishes and four 
bolts. 

Iron rails are io their maunfaetnre practically "scrap iron." 
They are formed of bars of various sections pllctl together and 
healed, and then rolled oat. Id the act of he.-\ling, the oxygen 
of the atmnaphere gets access to their inner surfaces, aiid scale is 
formed. This sails does not roll out, but rolls in, keeping up a 
constant separation of fibres like the grain of wood. With a 
certain intensity of blow on the line, the chairs and sleepers 
serving &a anvils, the fibres are crushed apart, and the utility of 
llie rails is destroyed. 

Steel rails are not formed of separate msisses welded together, 
but each of a single ingot rolled out without flaw or imi>erfecl 
junction. They are homogeneous, which the iron is not, and 
therefore do not disintegrate with the same amount of blow 
which disintegrates the iron. Bnt to be safe, the steel rail 
requires to he not only homogeneons in metal, hut in the temper 
of tlic metal altto. If a steel rail be taken hot out of the rolls aud 
thrown on a cold iron or stone floor, it may become partially 
chilled — hard and soft — and in this condition it is apt to break, 
for which ivjison it is always recommended to keep the steel rails 
as soft as p.)sxible, to pi-event risk, iu fuct to reduce them to the 
condiiion of it-oo. But the better plan would be to use spring 
steel, and harden aud temper iU 

There is a notion prevailing that permanent way on cross 
aleei>crs is elastic by virtue of its diacouiinuoua bearing. Bnt it 
is obvious that if there be any yield of the mils between tbe sop- 
porta, there is none at tbe chairs themselves. If the rail be loose 
in the chair, which it commonly is, aud if the sleepers be loose in 
the euucret«it luillast, which they are commonly, the looseness 
only serves to give mumeuLum to the blows of tbe wheels, sft that 
the rail drives into the chair, the chair drives into the sleeper, 
and the sleeper drives into l^e ballast, while the Qsh joint lends 
at the weakest point. 

On a portiou of the main line of tlie N<irth Loudon, tlie rails 
aud chairs boing taken up, longitmlinal timbers, 4 inches deen by 
11 inches wide, were spiked down to the sleepers. On titRiie 
lAngitudinala, midway betwren the sleepers, were ptnued cast-in)n 
brackets in which ti'iti rjiila vens fixecl, suspended by the upper 
Ukble, and not resting on the lower t:ible,As in uhairs, the bottonut 
of the mils bein^ 1^ inch above the longitudinal timber, so as not 
to touch iL The joints were fastened an usual. Tbe cross 
sleepers were packed hai\l and ti^hl uu solid Wllnst. The lougi- 
tudiunl tiiobers were not [Kicked, the result beine that the t-aila 
were coutinuou&ly ftiipjxirted on au elastic busc. With the trafhn 
of the trains the mechanical action was, that no wheel pressed 
directly on a single slrejwrwith a h.ird blow, but that the weight 
ou each wheel was diMirihiite<l over two or nuire sleepers, and 
that through an elastic medium. Prnctically, after nearly three 
years' wear, none of these rails have been foumi tn disintegrate, 
but are us perfect as when flrst laid down, except where connected 
rigidly to the ordinary line, and there the ends of Ihe rails are 
sftlit;and tbe elastic action is not merely vertical, but hnrizontal 
also, by a slight twist of the I»ngittidiDal timbers preventing side 
blows from the flanges of the wheels. 

It was also found that the sleepers remained quite undisturbed 
in the bnllast, owing to the <lijitributi<>n of the weight, and that 
they realty became sleepers, imstend of dancing up aud down, 
lloreivver, tlie provision for elastic scliou dispenned with the 
|>ractioe occasionally reairted to, of digging up tlielwlLiftt. Wlow 
the sleepers to aoftfn it, and prevent the extreme rigiility. It ia 
getting to W n known fact that constant trsflic and the use of 
heavier engines and vehicles is gradnally solidifying Ihe whole 
of the l-iijlway lineK, no that the deslructioQ of the plant, both 
fixed aud rolling. Is on the increase. A superintendent of a long 
line running on harti ground informed the writer that he conteni- 
)dnied re-NpAcing the whole of his sleepers in order to use the 
softer intervals. An illustmtinn of this great evil may be found 
iu the lad timt iu the winter lilue. wliru itll the groiuid bei-oiues 
bArd with frost, the di-struciion of wheel tirea and rails by break- 
age is grrntlj' ou the iucreiise. 

After tbe auooesaful result of the first experiment on elastio 
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lioe?, the sapertnteodent of perm&Dpnt way. Mr. Mntlhetvs, laid 
dowD a Beoond portion, in vhich the cross-sleepura are G feet 
apart, or double the onlinary diataDco, the supporU of the rails 
on the longitudinals being 3 feet apart. The aame i>eault was 
obtained Id pre^urviug the aleepem eteady ia the balloat, thougli 
the elastic yielding waa greatly increaaed, being quite pei-ceptiQe 
under the rolling trains. 

KallaMt in England .ind elsewhere has become » ktud of ete- 
rootyped caatoin on railwayn, though there are diatrictn, a.-! 
Egypt,— the Southern States of America— {where a driver 
*' gnesaea.he never runs on ballast., but only on mud roads ")— the 
Pampas of Buouoa Ayres, tise Llanos of Teneiuela, and else- 
where, where no baltagt can be had, nmt tat it in ditipenited 
with. Bot the theory of ballast has hardly been considered. It 
was originally used on uon-porous soils, as a kind of easy 
draiut^ for surface water, and in some pUces tolerably cheap. 
And it doea not yield like clay. BiU it very scun censes to 
be porous under the sleeper, and becomes a kind of couglomt^ 
rate, or concrete, each sleeper pit holding water like a pond. 
But, toaamuch as it has been practically deuionstnited that 
vith a provision fnr elasiiulty the sleepers may advantageonaly 
be rigid fixtures, there seems to be no reason why the whole 
anrfiice of & railway should be covered with eighteen inches 
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It ia destrable that the rails should be of such depth a« not Ia 
deflect beneath the wheels, and also that they ehonid not deflect 
laterally, for which reason the tables should be of ample width. 
It is also important that the lails should bn ito joine«l together as 
to form Don-deflectiog bnrs at the joiota, thou<'h with provisitin 
for expansion and contraction. In examining tlieordinarj'fi"l"'a 
it will be perceived that the originnl principles of the writer's 
inveutioQ have not been cfirried into effect. These fishe*, as 
ordinarily nsfni, are parallel bars, about eighteen Inches in 
length, and with four bolu to attach them to the raiU. As the 
totjd depth of the tish is only between two-and-a-half to Uiree 
inches, it is obvious that a pair of three-inch bnni cannot jmm- 
aitily be equivalent in strerij^th to a rail five inches in depth, 
and providod with two broad tahlu'«. In order to coropeosale 
for this defect it) some mcusure, the iashen are made as thick aa 
possible, approaching; an inch, making them very rigid. They 
arc wediie-formcti between the mil-tableH, but at an obtuse aiigl^^ 
not aoiuigleoft-opose,aQd they depend wholly ou the bolts to ke 
them in posltiiru under the action of the trains, and the sli^tUti 
movement uf the mil Inoseaj them. For this reason the boll* are 
ni.vle as Iiirge as possible. The Urge hole weakens the fiahest 
and it is oeeesaarv to drill the hole«, as puuchuiif distorts a nar- 
row thick bar. Moreover, as the luh is as thick at the endii aa 
I. 
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rf gravel or hruketi sloue, varying in price from Ir to S«. 6d, 
per cubic yard. The object should be rather tn cover it with 
nnn-poriius matcrinl, so as to keep out the aui-face wattr, the 
anme principle on which we pave the footways of our streets; 
and there is no doubt that it would be cheaper, in many cases. 
to nse stone flaes or cnsl-iron for sleepers, rigidly filled nnd over- 
laid with elastic longitudinals, so as to dinpenfte with ballast, 
even in tirst cost, s.iyiug nothing of the saving in nihint^-nance. 
Am regards sncli lines as are constructed on brick arches, the 
rhutic jiy»tern would prevt^iit the vibration which so commonly 
ilimuiegrutes them, and, by mmmiug down the ballast, forcea 
<iut the parapets; and it would be better to cover the surface 
with uon-pnrous nmterial, such as pAviog-stones, and get rid of 
mud nod duiil altogether. The action of this novel system 
depends up^iu the elanticily of the longitudinal tinil>er; bnt in- 
asmuch as there are circuiusL-inces in which timber ia inadmis- 
sible, such us very hot climtttes, or climates of great heat and 
moidture combined, nr altematiu^, the writer was led to consider 
whether it might nut be pmciiaible to bhlain the elasticity by 
tlie a>^ucy of uietaj. Thin can be done in two methods, 8ul>- 
stiluilng a broad T 'rou fw the longitudinal timber, or by ap- 
plring springs of lem})ered steel beneath the seats of the rails, 
wliich in thai case cannot he suapentlful by the upper table, bnt 
must rest below the verticnl web, beiug supported between the 
bracket sidw, with provinion for the small amount of movement 
required. Two models of oast nleepers are on the table, with 
elniilio steel Uuea. The cost uf them n-ill not exceed ordluarj' 
iitui way, aa great weight of metal is saved. 




Tie. T. 




at the centre, the result is a blow from the wheel at the 6sh 
end, where it i« too strong, and a second blow at the joint where 
it is too weak, and a f;radunl dent of the tifth-end into the rail, 
nnd another dent of the rail-end into the Sah ; and when the«« 
dente be^in to form, tlko process of destruction is cfrtiiin : mst 
is formed, rubbed off, huiI begin*) again ; hikI the iiiise and jolt 
is rendered very |>erceptible to the passengers before the cause is 
<letected by the eye, except when a train is passing, when the 
dcflectiou is very peiceptib e. 

To remedy this, the writer han derijied a true form of f sh. It 
is tapered from the enda towards the middle, w*here it is the foil 
depth of the rail on the outside tish, and on the inner the full 
depth of the rail, less the npptr table, to make room inr the 
wheel flanges. Angular rilM are rolled ou the inshle of the 
fishes, to fit accurately agiuust the rail tables, and the hshes ar« 
arched laterally. The metal being thin, except at the ribs, they 
are easily punche<i without distoiaiun, and wliun tlie bolls are 
screwed tight, the arches of the fishes flatten and press the nba 
against the rail tables 6mdy. The bolts thus acting on elastic 
surfaces, the nutn remain tight, and the joint is elasticnlly firm. 
The models of the ehiatic way, both in timber nml iron, with 
steel springs, as well M ihe Improved fish-joiut. (Klgs. 5, ft, 7.) 

The writer has dwelt upon this snhject the more Mmcstly, 
because on any new plan connected with a railway a protracted 
experiment is needed for verification, and this prolrncte*! experi- 
ment of elnstic railway h.'vs Iteen made, and can be examined by 
all who feel an interest in so miiwrtant a subject. 

Having oblnined successful results iu the elastic action both of 
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wh#«Is and rails, the oext qwstinn wna to obtain a true mechani- 
Cftl action in t)ie movement of wheels and axles. Aa fni- back as 
the year 18.37, the writer haH sooKht to impress upon railway 
authorities the importance of ratlial luovemeut io the nxlea, en- 
abliug th«m to run at a right angle irith the rails, irhether on 
■tniyht lineR or curves, nnti proi>otie(l rariouH modes of accotn- 
pliiihiDg it, hilt he oould pet no att«ution. The railways were 
made in what were cilleil atrai^jht lines, through practically 
eroolcod Hncfl, and it was taken for granted that the coning of 
thp whw! tires accomplished all that waa wished. Bat in Ame- 
rica, crooked lines obtained with very sharp curves, in order to 
};q round xtreet oomcrs instead of outtride the towns, and a b?U 
'WBa snapeuded at the entrance, to be struck by the engine, and a 
notice painted on a maple slab, " Look out for the locomotive 
when the Wll rings." To facilit,ite the movement of the enffiue 
I round the cnrvw, the front end was provided with a ewivelTing 
uck, calU-^t a bogy, analogous to the ordiuary under-carriage of 
> road vehicle, moving on a centre pin, but with four wheels in- 
■t«ad of two, the wheels being girled by their flanges agalnat 
Uie ntila, iD«iead of by a pole. This waa so oonvcnieot, tual it 
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Seeing that the time was approaching for more perfect machi- 
nery and for radiating axles, the writer again set to work to 
simplify the structure. Abandoning tho truck form, or bogy, 
altogether, the axle-boxes were adapted to slide in curved lines 
Interillr thronch the horn-plates of a rigid engine frame beneath 
the spring bearings. The advantages gained by this were, first, 
true radiation of tlie axle to every curv^ from the stniight line, 
down to one chain and a half radius; secondly, pt^rfcct guidance 
and prevention of ii-regutar movement in the wheels^ thirdly, 
facility in axlo-bearings and lubricatinns; fourthly, the nso ol 
larger wheels than oonld be obtained by the bopy system. (Fig. 7.) 

'file writer propoaed to build the eugin« with coupled driving- 
wheela in the centre, and with radial wheeU at the ends, ei^bt 
wheels in all, and so, having ample support, to dispense vtth 
a separate tender. This was so novel a plan, departing from tba 
onstomary bogy system, that it waa not listenea to, and bogiea 
were continued. 

The writer sent a drawing to Mr. Cross, the engineer of the 
St. Helen's, and about nine months after reoeived a letter from 
that gentleman stating, that having found it necessary to uae 
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[CftSDe into general use in America, and it wxi Srst introdnced 

Into England on tho Birmingham and Gloucester lino, the engines 

being made in America. But it was defective in principle. In 

Lcrdinary under-oirriages on the road, the length of the pole 

|Blcadicii the wheels In thn four-wheel bogy, the diatanoo bc- 

Itwoen the front and back wheels vn.it leas thau the wiiUh between 

he rails, and comiequently, swivelling on tho centre pin, the 

l[y was apt tu run unsteadily, and drag the wheel ilitiiges 

inst the rails, the contact with the onL«r rail on curves H«tling 

axles askew to the rails. This evil was continued on the 

Soath Devon line, where, the sharp corves nece-^sitatJng the use 

-Of tlio bogy, it wan applied on a 7-feet g:iiige with the wheel cen- 

I fi feel aimrt. In addition to this defect, apparently reaorted 

• tneompeuaate in some measure for the fixed parallelism of the 

Inxlea, it did not in any way help the askew position of the driving- 

hecla, aa the central pivot did not permit Literal movement of 

Ihe Ufgy. Tt> remedy this, Mr. Bia.'^ll, in America, devised a 

Jllan of removing the cenlro pivot frum midway between thi> 
oar wheels to a point between the driver and the bogy; thus thn 
movemt'ut of the wheels became riidial, or in the circumference 
of a circle inBt«>ad of the centre. This was a plan nn which the 
writer bad bnilt road carriages long previously, under the name 
of E<iuirotal carriAges, and had proposed to apply the principle 
t^) engfnea. Mr. Biswll sabteqnently applied the snme priucipio 
to engines with tw.»-wheeled bopies, and time and circiimalancea 
having fiirced on the attention of English engineers the necessity 
f'lr radial movcnient, other attempts were nia<ie to correct the 
defects uf the bogy, and one was by providing a lateral slide aa 
welt as pivot muvemeut to the centre. But on this plan the 
guidance woa lost, and it was not foand to answer. 



larger engines for bis increasing traffic, he had studied tho whole 
question carefully as to tho best principle of radiation for liia 
sharp curves; and having come to the conclusion titat tlie plan 
of the writer waa the simplest, aafeat, and most elfective, as well 
as the least ooatly, he had constructed a model and verified it ex- 
perimentally, after which be put in hand a full-sized engine. 

(Fig. a) 

After working forsome time on the St, Helen s, both for paasen- 
gera, goods, ana coal, and perfoctly RiLibUahing tho soundnasa of 
the principle, this engine, called the White Fiaven, was brought 
to liondon for experiment, and examined and oxi>erimeated on 
by a large njniber of railway engineers, whose judgment con- 
firmed the truth of the principle of structure. It waa at first 
supposed that the free movement of the wheels wonld tend to 
make the engine unsteady on straight lines at high speeds, inas- 
much as front wheels, fixed lateriuly in the honi plates, were 
supposed to exercise a steadying and governing power. But the 
contrary proved to be the fact Auoihor engine, altered from the 
ri^id system to tho radial, was found to rim much steadier after 
the alteration, nfler acquiring the facility for rounding sharp 
curves. Tn truth, the nnst«ailiue8a of all engines, apart from bail 
conatruelinn, arissH from the fact that the wheels, fixed to the 
frame, and seeking the path of least friction over uneven rails, 
force the fraraea to partake of their irregular movement; and aa 
might be expected, the inertia of the engine frame keeps it 
steady enough when the wbeela are left free to pursue their own 
courses nnshacliled. 

This novel arrangement comes at a convenient time, as the 
extension of railways through towns and mountainous countries 
is now the prevalent thought But, even for what are called 
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ilraight lines, ibeir exteDsiou iuto and Ihroagh towns, and new 
aUtioa aococauiudatioD, reudcrs it very iui|X)rluui to liava 
enginea working roaud very sharp curves, auJ eitlicr end for&- 
iQOBt. The great cost of land and the removal of buildiogs in 
approaches where onl/ straight lined or very large carvea cau 
be osed adds very materially to the cost of conetniotiou. Hut 
there is another question, quite as itii|K)rtAut. It ih u-ell known 
that the npid wear of the raila of railways is very largely 
owing to the wei^^ht of the engines, apart from the train, ami iu 
the cngioLis the UcHLriiction by mil crushing is increased iu pro- 
]K)riiou to the weljrht on iho driving wheels. Some en<jineshave 
uuly one pair of driving wheels, as they involve lem impedi- 
mental friction at hi;,'h epi-eds. Some have two pairs coupled 
ti^gether, and some three iMiirK. Inasmuch as the engine draws 
the toad by reason of ita own weight on the miltt giving ndhr- 
Bion, it foflows, of course, that a heavy train needs more weight 
nn the driving wheels than a li(;ht one. When a single pair of 
drivers are used the load sometimes approaches to K)urteeu or 
lil^een tonfi, and this crushes boUi rails and tlref. If, however, 
the load can )>e distiibnted over more wbeeU, this doatruetion 
may Iw avoided. Twenty tons on four wheels is much Ipss 
daiiHiging than fourte«u tons on two wheels. For this reasuu 
our contioenlal neighboni-s have been aiming &t two thiuits 
combined — to obtiin the adheaion of many wheels, with the 
facility of passing round sharp cur^'cs. The ordinary method of 
cnupling wheels by side rods docs not admit of this, and tho 
wriUT has reaurted to another method, illustrated by the model 
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T»ntageotu to make the tender wheels dnvem, u well as tbo 
of the engine, with tl^e same boiler power. 

Iu the rarly dayti of ntitways the dilUculty of adheaion between 
a smooth Lire and amortth roils was oouudered to be great, beforo 
it was tried. But iu those days the trains were light, and tho 
iiictcise in weight has ag.iin dmwu attention to the desirability 
of iuci^eaaiug the adhesion. Hacks ou the roils and wheels might 
no doubt be used, as they hare been, and as they still are in sucoa 
collieries; but this can only be for very slow movement. Yet 
there Is a mode of increasing adhesiuu not yet resorted to, but 
which will probably be resorted u>, where tho whole diffionlty of 
Uhiuiiting sleep ascents, such a» one iu twelve, or 440 fc«t to tho 
mile, ^hall occur oa any sharp curves. It is tn convert the 
ronnded flanges of the wheel tires into two flats at an angle of 
45 decrees, and enlarging them to take a corrcuponding groovo 
ftirmed in the surfitce of the miL The driving wheels of the 
engine only are to bo fitted to these grooves, and the ordinary 
flanges of tho train wheels can easily pass, being of smaller size. 
It may be remarked, that it would not be easy to lay railftj 
accurately euough for lids, and especially on cnrvcs, but oomp 
Ration can bo easily provided by the use of spring tires alidiof 
Uternlly oc the wheels, and there is no reason why the eigh 
ccupled engine before described should not work perfectly welfii 
this mode, on sharp curves and stiff gradients. (Elg. 10 illna- 
tmtes this.] 

Thus with radial axle, spring tires, angle flangest and elastic 
pcrmaneni way, several difficalties are got over. The blow an«i 




on the table, whicb> aa regards its eight lower wheels, is pre- 
cisely similar to the St. JJcleu'd engine, the Whilu Itaveu. 
But in addition to this it has four other whcolA, two of which 
are placed at each end, resting l»etween the central driving wheel 
and the end radi.il wheel ou th«ir peripheries, pressitig dowo- 
Wiirds with an_y siuonul uf wi>ighL needed to indurc adhesitm. 
Ju Diet, the whole weight of the engine and frame may bo ntij)- 
porled by the upper wheels, if needed. But pniclicaily n com- 
paratively small weigLt is niHxteil, as ihu wlit'els do uut merely 
rest ou one another, as la the case with wheels on rails, hut 
have also a wedging action, which may, if permitted, produce 
an intense pressure. All the wheels have also spring tires, 
which ensures elastic contiict and IJt, without blows. It will bo 
se«n that wheu the driving; wheeU are put in motit.>ii, they com- 
municate that moilou by Miction to the upper whetds, which in 
tarn communicate the motion to tho rndial wheels, and continue 
to Ao so when the radial wheels are on iurvea, the effect being 
that the axles of tho upper whevla depart from the liorizonUil 
line, dippiug to right ur left acconling to the lengthening or 
shortening of the distance between tho tower wheels on curves. 
And the adhesion is perfect, becanse the load on the npper 
wht'eU forces down the lower wheels to a ji^rfect pressure on 
(he raila nt either end of the engine. Thus there are eight 
driven, which mny be equally loaded, and the whole weight of 
tlie engine Is available for adhesion. And in reversing, for the 
purpose of letardalion, the whole of the wheels are available. 
To make the machine comiiletc, brakes are applied between tho 
driving wheels, arranged to act both a^initt the wheels and 
raila by small »le;im-cyhnders, so that the retardation of the 
eujfine is within the control of the driver by simply tnruiDghta 
rr){uIator and steam c<>ulcs, without needing the muscular lorca 
of hia fii'fman, taWuriiig iit u. 8*;rew with slow movement. It 
wilt bo seen that this engine will run ou S curves aa easily as 
on regular curves. (See Fig. 9.) 

Of course the steaiu power of an engine should be iu proiiortion 
to the adhesion. Practically it is far iu excess of the adhesion, 
inasmuch as sand is commonly used to prevent the slip of the 
wheels; and thitK, though useful to ihc engine, Ih a serious disad- 
vaiilage iu tncreaaiug ttie resistance of tlie train. This seems 
Certainly the case on the Greut Northern, where it is found ad- 



sledge movement is removed from between wheel and rail, a« 

well m the grinding action against tho flango«, and the adbesioa 
is ensured, whilo tho permanent way is rendered really perma- 
nent. 

It may be ohjecteil to that the angular flanges will tend to 
wear oway lioth tires and rails. This is qniie tnie ; bnt if we 
want to do hard work we mnat pny for it In some shape or 
other. The ouly question is, is it worth doing; and if so, what i 
la the least l-umiIv lueLliod as well aa the must ejfective and] 
simple 7 We kuuw that we can drive machinery by friction 
pulleys, and there is uo mechanical reosou why we sliouhi nut 
drive railway trsins. And these tires can be removed and re- 
placed with ]>erfect facilily without neeiiiug workshops. 

But it is not merely the question of engines that we have l»^ 
Vi». 10. 



deal with. It is that of carriages and waggons also. Th»s« 
vehicles have been kept short, and their wheels diaadvanta- 
geooaty near together, chiefly on account of the difliculty of 
curves. This system needs remodelling; but there are ao many 
considerations that it must be defcrrvd to another paper. 
(Tq bt tmttimud.) 
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OFFICE BTTIT.niNG8 IN TEE CITY OF LONDON. 
By E. TAxsoji * 

CiTT Offices am oertoiul^ a xiew uuil slrlkinj; fenture in lomo 
parts of the city, aud ao impotlAnt Imve they become in ext«at, 
*ad involvinft Buoh Urge Gu&ocial operations, that dariog the 
laM twelv« nioutlui two or thre« conipauie«i at least, have been 
Amoed for the erectioa of new offices, or for the purchase and 
WIMMgrmfinT of offices already furtued, one of which, it states, had 
■gieort to purehaae property to the extent of /3<Jo,O0U, and who«e 
ncopOMil capital was one milliou sterliug; aud when, aa I have 
Mtrd it ataled iD evidvucc, that one ^eiitiemati alone, who is 
iotensted iu property of Uiis deacription, is in receipt of uu 
iooonw of ^36,000 a year from offices in which he is interetitod, 
•sd which, indeed, 1 oeliere ho himself has consti-acted; when 
aucfa sums ns ^AO,OUO to £60,000 are coinmoaly given for the 
WXlittaitiua of uilcs, and like Kiima spent on the er-ecliun of single 
blocks of buildiu(:3, you will appreciate the iua;;iiitudc of the 
tDter«8ts concern^, aiid the importance of »oaxe of Uie buildings 
which are ni.)W erected to subserve the reauliYiuenta of commerce; 
aud although uoue of thu buildings whicn I am able to illutilrate 
by Uie drawings before you are of ihia magnitude, still in clia- 
ncter tliey are all much the same. 

I will now refer to a fen- ezaniplet of the Office Baildiog olass. 
Oos is a bnijding known as lAugbonrne Chambers, Feucliurcli- 
•trcet, very recently erected; the architect is Mr. James Sheppurd 
Soott. It has simply an entiuiioe fi*oni the street, so that exter- 
nally it has no arohitcotunil feature. It had also extremely 
Uioiled opportunities of obuiuine light through its boundary 
wmlli; wherever thin upportunily did exist, it hnn 1>eeii tiiken a<i- 
Wtagfl of bo the uLUKiHt extrut, but the chief light in nbtainod 
by the internal amta furmed within the block of the building, 
t£eM areas being all llne<l with white tiles: and on the ground 
floor there iit an ingenious (vttitrivance for ohlaiiiing nn ext«niitou 
of skylight by sphiviug Utck the walla of the areas above the sky- 
light level. 

There is another plan of offices bnilt next adjoining to one of 
the ancient churches iu the City, St. Helen's, Bishopsgatc-street, 
a slack of ofiicex built by &lr. 0, J. Corbett> an architect I hnve 
before referre>l to, who haa built Iari:ely, and priuci|>ally nn hi-n 
own account. 1 may here (ueution, ibcidt-ntMlly, soroL* aomewhnt 
onrion^ poiot« of practice whiL-h arose out of the building uf this 
stack of oiIir:eH, Hud in which, as being profesHionaUy concerned 
for thp ru'vhdlder, I beaimc a party. One waa, that whirn the 
old buildings adjoining the church were rcmove<l, it '^as found 
that a wiiiitdw belnugivg tn the cliurcb had been bricked-up since 
the Kffonnittion, and the parish demnnded as a right that, not- 
witlistauding the length of time dunng which thii window had 
been closed, that the church should re-obtain its ancient light, 
maaertiug that no time was a l>ar to the lights of the chnroh. 
Another point whicli arose was, whether the owner of ihe adjoin- 
ing houae, whicli Uiui b^n pulle<t <lown, and which, «ncc the 
Befonuation, had nsetlthe clinrch wall as a party wall, hnd a 
right in respect of this wail u> use it as an ordinary party wall, 
and to deal with it under an ordinary party wall notice under the 
Building Art; and Chntict^ry proceedings were actually begun to 
determine the rightA of the respective owners, but they weie 
snbseauently compromised, each party making concessions, so 
that tne rigbta of the contending parties were never legally deter- 
mined-, but by one cnnceiwimi niiule. the church regameil its 
ancient window after it had been closed aoine three hundred 
yeats. 

Another set of ch.inibei^ are the Colonial Chainbera, Fen- 
church-streot. This huildiug is almost wholly lit by internal 
areas, nnd except towmtlH the sti-eet hah no external windows at 
all. The* ci'4t ol tlii.i building came to very nearly lOd jter foot 
cube. The areaa are all tinet) with white tilex, and the front next 
the street is a stone front. The entrance door next the street is 
an opon iron door, a feature which I have introduced in most of 
my office hnitOings, aa I think it serves by night aud by day to 
aJintt air and ventilatinn to the balls, passages and staircases. 

Bell-cnurt, Miucine-lane, unlike the last building, is wliolly lit 
flout its external wiiiU, .'uid the Irghta, where not obtainnl over 
■rau aln-ady dieting, were obtained by atinngcment with attjuin- 
ing owner?, I'he coat of Ihia buildiug comes out ut about 
b^A \icr foot cuh«4. It liat a narrow frontage on the street of 
sfcont, aitd, like that last tleacribed, this also has a stone front, 
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but this is exclusive of ironwork aud some oUicr raaitert. A 
structure bnilt for the Colonial Life Assumnce Office, Lombard- 
stroet, baa i^ecently changed hands, and ts now used for a bonk. 
I may mention that this building, or rather the site on which it 
stands, has been quoted as an instance of the great value of 
property in certain localities. The area it coreni is but little over 
1000 feet, and the gronnd it was stat«d waa sold at the nun of 
;£30,000 bat this is an exceptional instance, qooted to prove an 
argument, and can hardly be taken as a criterion of value. The 
adjoining building in I..otn bard -street has alao the upper part 
used M offices, but the area of the ground was here so limited 
that it hardly afforded an ofiportnuity for any special adaptation 
as an ottioe buildiug. 

The offices over the Subscription Hoom at the back of the old 
Com K^change, Se«tliing-lane, was wholly determined by the 
ari-angemeut of the floor below, the room or oflicea above oelog 
subsidiary, the main object of the buildiug having been the Bub- 
scription room on the gmund floor. The Ikhi four examples are 
of my own building, but the flrst two descritied of these more 
particularly illustrate the special subject of office building. 

In plaiiuiog this class of buildings, the distribution which it is 
most dcsirnbTe to accomplish, is one which admits >■!' a neparaie 
access to each room. The nionis are seldom formwl of large size, 
aeldom more than SD by 1 •> feet, and often cnnsiderably smaller, and 
even when the rooms are coustrDcteil uf larger sizes, they arc 
geuernlly so arranged with tire-placifs, entrances, and windows, 
as to be cipnble of being divided into smaller roonid: the poditiou 
of tlte fire*plac« is not ini|>ortBUt, for it is nut uaed for sitting 
round, but simply for warming the room; it is very grnenUIy 
placed, when the plan adtnita, at the baek of the room, awjty from 
the window, ami at all events. It is so phtced that between it and 
the wintlow there shall be abundant working room for a detik, the 
great object being to utilise, as much as poi^sible, the space oppo- 
site the window. Oueof the most important points is to consider 
what is the minimum amount of 8| ace which it may be necessary 
to Mcri6ce for obtaining tight aud air to the various roouia. 
] rect^llect one iustnncc where there \a nu area or shaft of threeor 
four fltorlen in height, lighting oflict-n on txtth sides, not exceed- 
ing 7 feet in width, but I have myself sought t*) obtaiu a widlli 
of 10 or 12 feet: rtnd aa these areas are now invnrialtl; lined with 
glazpil white tile, I have found tliiH width tn be fidly sa^cieat, 
even for lijliiing rooms iu tbi.' basement atoi-iea, which I have 
donesuccessfully at the Colonial Clinmbcrs, i-Vuchurch-street;and 
in this case to obutina light reflectinl upwards, 1 have splayed th« 
lower part of the sidfrs outwardit. 

A large amount of window space being of the first importAUce, 
it is deaimble to economise, as much as poitsible, the bulk of the 
window frames; this has, in some instances, led to the adoption 
of single sashes, occupying the whole opening, which allows a 
frame of less depth than when the sashea are double hnug. 
These large aaalies arc hung to turn uu centres, but the same dis- 
advantage attaches to them aa to casements, namely, that in open- 
log they derange the desk or table whicli is placed agaiuat the 
window. With the view uf reducing the size of the frames, 1 
have always made a part of the sash outy to hang, but as constant 
window- cleaning is an important feiiture iu the mnnagemeutof 
these establishments, 1 have nlwavB worked projecting iron 
brackeu into the area walls, a*, convenient di.iiance3, whereon 
planks may be placed for the purpose of re|)air or cleaning. In 
forming the window I have generally placed the head above the 
level of the floor above, aud in some cases I have formud bulk- 
hea^U in the floor above, at the height of a deak, aud aplayed the 
ceiling below up to the under Hide of the dexk above, btnng de- 
sirous of obtaining light as much aa possible from the upper part 
of the rooms. 

T have already allutled to the use of white tiles for lining the 
walls of the areas; this gives a very great odvnutage, not only in 
reflecting light, but the appearance isalsn pleasing, and it is very 
easily cleaDsed; every shower, in fact, hotpK to do thit*. Theji 
were firit uwd by me at the suggestion of Sir Francis Moon, at 
Hojnl KxehaugeBuildiugtt; and tliit*, so far as I know, is the first 
insUtuce uf their appliuuion on a S43ile of any magnitude in city 
buildings. It is obvious that they may be uiade hexagonal in 
form, or square, or diuniond-fihaiied, aud omniucntal bordem 
might be introduced, but tliia 1 iimve nevi-r seeu dune, as the 
great object is lo obtain, to as great an extent us imteible, the 
best reflection of pure light, i have carried out thia principle 
not only in internal areas, butalwi in two instances in the narrow 
paaaagea iu the city; one of wbieli la Pu[«*s UeAd-alley, leading 
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from Lombard-street to Cornhill, whore, havinff the controL of 
the houses on hoih aides c^ the way, I wa« eoabled to obtain the 
liQiDg of the opposite walls; aud another instance U the back of 
the balldii)<; iu Kinch-laue, built for the Middlesex B^uk, which 
abata on n uaitovt court, and being oppoiiie to a houae !ii which 
I waa profo^Ai. anally interested, I obtained that the back of the 
bank ihonld be oorered with white glazed tiles. 

The staircasea and UndingH nre Hliuost alwaya of atone, and 
fire-proof At the Mlddleitex lUnk josi Hlliidud to, the sUurcaHo 
ia of terra-cotta; the finishing and decoration are very simple. 
The chiraney-pieoea are ntso generally very ecououiioal in charac- 
ter; and itideed I have nnmeUniefi thanght, in some of the finatit 
and most profitable bulldinga of this class, thai the chimney- 
pieces have been treated with too rigid an economy. The outer 
door to the ot^ce are generally made in solid frames, as they are 
ODUfltaotly being used, and the frames are generally carried up 
so as to form a fanlight over the door, in which there is a swing 
sash 6xcd to open on cunlrcs, for the purp<u»e of admiitiui; aii- 
into the rooms from the spacious landiugH and Ktniic^iHi-s with 
which they communicate, and the door iteelf in utiually a 
ghizcd door, which ndmiLs of placing the oame couspicuim-'ly uu 
the door, and at the aartift time gives light to Che paKsagea. [ 
need hardly aay that a nioxt exteodive use of plata^laas ia made, 
both in the windows and iwi-eous; and it is remarkable how little 
aonnd passes from one ro:>m to aitother when separated with 
screens glaxed with plute-glaaa. 

Another obviouM uecewity is a good supply of water-dowets, 
wash-hand baslne, and urinals. Sometimes it ia necessary to de- 
vote special rooma for this purpose, grouping the closets tc^ther 
ia the leea valuable part of the house, aa the basement and upper 
floors. In the Cofoniiit Ohambere, which cuoUins lifty-two 
rooms, I have providud twenty water-closets, and in Bell-yard 
Cbarabers, containing sixty moms, there are about twenty water- 
closetK, heiitiles uriiioU and wash-hand basins in both cases; and 
I need hardly say that the cisterns must be of large si2e. In 
Ijao^buurae Chambers, the architect has contrived an arrange- 
ment of pipes passing at the bock of the fire-places, so ai to 
procure a supply of warm wAier for the use of the othceii. 

To conclude, I beg to refer to some points of practice inculeiital 
to this otaas of building. One of the graatuat difilcultiea which 
arise iu building, not only odice buildings, bm indeed all descrip- 
tions of buildings in the city, is the serious difficulty which arises 
out of questions of li^ht and air. The question suggeela iteelf 
out of the subject of this paper; it ia one which merits the cure- 
ful attention of this in.stitnte; and althdngh I am not prepared 
to otJft any auggealion which would meet or mitigate the diHicul- 
ties oouHtantly arising out of the existing state of the law, I can- 
not but think that some course of proceeding might be adopted 
which wcuild be an advantageoas sabatittite for the law as it now 
exists. The only practicable ooorae open to any aggrieved party, 
jts the law now stjmds, if any adjoining owner has erected a build- 
ing to his prejudice, is to bring an action for the damage done. 
This in always an expensive anil troublfwjniemode of proceeding, 
and in the great and rational svoipathy which exisu in &vour of 
the owner of a new and probably much improved building, aud 
the extreme difficulty of proving to a third party who was not 
cognisant of the state of things which existed beibre the ciaim- 
aint's lights were affected, it is hai'dly possible to obtain any- 
thing more than a nominal damage for the injury sustaini^d. 
This has led to the frequent occurrence of applying for an In- 
junction to prevent buildings being erected; and such » mode of 
proceeding lius the very great advantage that it obliges the 
aggressor to justify his proceedings beforo be proceeds to raise 
his building, ami before his case is strengthened by the prestige 
it atKjatres by the erection of his new buiUling. An injunction 
ia, howerer, often obtained upon very slight grounds, and when 
the inttirents of the objecting party, alihou^b aotnally atTected, 
aie compurHtively extremely small in coioparison with the iu- 
ttrests of the party accused aa the aggreasor. So that, as I have 
before suggeated, it wonid be moat desirable that some better 
means should exist for solving this social diiticnlty, for I think it 
must bo admitted that there is often considerable hardship in the 
law aa it stands; and it is clear that if it were in all oasow carried 
uut, the houites of London munt remain for generations unaltered 
in height — a condition which woald alike bo detrimental to archi- 
tectniid ciTect, ami a very serious drawback to the value of 
property, completely negativing the theory that a freehold ex- 
tends from the centre of tlie earth even to the heaveus. 

The case which, ou account of the thorough manner in which 



it was worked out, became a standard anthority, was the CMd nf 
the Merchant Taylors Company against Truscott, and a partica- 
lar interest attaches to this ease, from iu having been the firat ia 
which it was decided tliat a custom which by long use bad grown 
into the authority of law — namely, the custom which, antll thia 
case was tried, allowed all pers<ma building on old foundations in 
the city of London to curry their buildings to any height tbej 
pleased, then no longer existed. This was a custom — never 
directly repealeil by any Act of Parliament, but it was held in 
this cause, by reason of the Act of the Tlst chapter of the 2nd 
and 3rd George IV., an act for shortening the time of prescrip- 
tion in certain maes, to have been abolish»l. Tlie injunction to 
restrain the defendants voa sought for before the Master of the 
Bella, who held that tliere wns a primd facia caae for restrain- 
ing the defendants in the execution of their work. Nevertheleaa, 
an account was taken of the condition of the building at the 
time; and an action at common law, the Court of Cliancery not 
being then capable nf hearing evidence, vena directed to be tried, 
to prove the fact whether there wasdamagt^ done to the light and 
air of plaintiffs' building or not. This cause was accordingly 
tried at the Court of Queen's Bench at the UuUdhalt, when the 
fact of a damage was clearly eatahliehed; whereupon it went back 
to the Master of the Rolla for a decree; hut aa there had been 
some deviation from the old line of buiMing frontage, the build- 
ing having been aomewhal set back, the .Master of the Rolla 
appointed an eminent surveyor to advise him as to the extent to 
which the defendant's building should be pulled down so as to 
restore to the plaintiffs the same light and air as they formerly 
ha<l, and the decree was made in conformity with the surveyor's 
report. The plaintiffs therefore obtained all the satisfaction 
which the court could afford them, but it subsequently became a 
matter of compromise, and a compensation w/ui accepted for the 
dama^i^e done. I believe that there are still erroneous notions 
prevading on the subject — one is, that the interventinu of aatreet 
or public way justifies the raising of a building to any extent; 
another ia, that a building may be raised, provided the raising is 
not to a height beyond a line drawn at an angle of 45 degrees 
from the window opening or opeuing*, ihe light of which is 
affected by the raising of an ailjoiuiiig liuilding; another is, that 
akyliffhts or horizontal rouf-light« are not subject to the same law 
aa orainary vertical windows. All these are purely falladoas, 
and however distant the olmtruction, or howerer brought about, 
if an ancient light, — that is a light which has existaJ twenty 
years, is iojuriouinly affected by reason of the works of an 
adjoining owner — there is a caui«e of action. 

Tliere is, however, a quite recent case, arising out of the re- 
building of t>ie uoble pile of office hnildiugs on the site of the old 
East India Houae, when, ou appeal to the Lord Chancellor, there 
wus a judgment given, I believe, cf a character more favourable 
to those engaged ip erecting new buildings, to which I am only 
able to refer, without giving the actual details of tlie case. 

ticHiduii the diflicully arixiug nut of the state of itic luw, with 
which all who build in Loudon are probably but too familiar, we 
have difficulties arising out of the special act which r-Mulates 
Metropolitan buildings, namely, the Building Ad, — one wntch is 
pretty sure to ri>r|iiiru attviitiuu ia that seotiun of the act which 
preveuts our forming openings in an external wall exceeding one - 
half the area of the widl ; and when you look at such a fa^e as that 
of Colonial Chambers, it wmilil nl first siglit appear that the aethad 
been oontraveued, hut if you r^'ckon up nil the space below gronnd, 
in which no openings occur, there is enough to justify the building 
as it stands, aud iu i&ct it seldom happens that this is the serious 
difficulty which it at first appeals to be. Another restriction 
which creatcjt a difficolty is the limitation of the contenta to the 
number of cubic feet which the act nlloWK. This 1 have felt tt 
necessary to provide for in my own biiiidinga, by dividing the 
building by urick walls and double ii-on ijcira, so as to form 
it iu comi>artinent8 not exceeding the required i-ubical capa- 
city; hut in one of the largest of the city office buildings 
erected in Miucingdano, where the divisiuu was not thus 
curried out, the matter vraja brought before the late Mr. William 
Cubitt, who was then, as Lord Mayor, the silting Riagi»- 
tntte, and in consideration of the building being built with 6re- 
pi-oof doors the division by vertical walla ao as to obtain the 
required area was not insisted on. 

There is still another practical point, but of a totally different 
character, to which I beg to refer you; fur one clunient of saoocstt 
in these office buildings ts a good organisation of such services na 
the offices require, which, aUhough limited, require careful and 
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r^tolnr Atcebtion. Wiih a view to eoaure this, it ia luukl io 
have n altort eod« of |>rtuted retjniatioaa, wliieb form a piu-t pf 
arerr serMiseDt nutler which the sep&rate offioea ar« held. lu 
one huilding, the intanml orjjanisittinn of which ia well koown to 
nicit it i« Rti}iiilntL-il tlmt a vvrUlu aum Rhatl be pnid, in Futditinn 
to the rent fur each rouiii, fur the ultiuc-clvaniuij and fur 
kooati; that the paiutiDg be reoewed at 6xed ioterrab, and 
thai the charj^e for patiitiiig the pA»i«ge<i aiid sLnircnsra be dis- 
tributed among the leuAUtd; that all wittdow-cleaniiig ahall aliio 
be doue bjr the owuer at tixod {wrioUa, and clinrged to the teuaiit^: 
tbftt all external blinds are reuewed nt staled periods at 
tlie tfiiaiitei' expense; that uo naiDe-boanJ, or plate, or other 
marks, are ftet up ou th» Imildiiig, except with the owner's cou- 
•eoL The owuer alao provides, at the tenants' expense, a porter 
io pliiD lirery, who acts aa doorkeeper. jUI these arrange* 
meoia insure a uuifnrmil^ of appearance, and luaiutaiu a cleauli- 
' new and good order iu the establish uient, which has its valne to 
[the leiiantH, %ji well as U) the owner, and prevents the oonfiision 
which would ba inevitable iu large establishmentii, if aeparate 
offiec-clea tiers, &e, were ullowcJ, aud separate coal stores kept. 



INSTITUTION OF CIVIL ENGINEERS. 

tfvvemhtr 22. — During the Discuasinu upon Mr. Mann's Paper " On 
At DManof Mfotfr'vtli in Tropical Clmatet," a brief oimmunioatlon, 
«D the same subject, by Williah J. W. Heatu, was read. 

Durrng a re^iilonce in C<>ylnD, extending over a period of sevso veam, 

while eni,-aft«<l on the railway, Mr. Heath's atteotitm had bean direatsd 

to llioee loater'uUfl which wen mott U4«d in the cnrtstruction of pKrman^nt 

buildinga. The hahitaLiuns of the lower cliuu nf natives were (ornied of 

radm fnunework of it^tut bnuibiKn. the itdes and mnFs eoosisting nt 

'~'m, closed iu with th^ interwoven loaves of the coooa-nut palm, the 

>r being washed over with the nliuiy jii^oa of a native ftuit, which, 

C^hea dry, resembled cojial varnish. In the huta built of " wntUu and 

Pdah." iho fraujewi>rk was miwle of roui{li!y ■quurDd jungle trees, the 

2 apace between being filled, and botb the inside and tbo outai'le of the 

f lut bcdng^ Doverod, with clay and iand well kneaded, afterwanU pla«ti>rt;d 

f-owr with earth thrown up by the white antit, mixed with a p«iw«rful 

llmding nbstanca prodneed by the ants. Superi^ir bouses were built of 

I'eabonlc," • ■oftklnd of rock, fooitd at a few feet bolow the aurfaoe, 

rTl.is nuti^alhad the appearancoof a coarw spntige. the interstiwa being 

ftUed with wift clav. Before bein<; iia«d the bincks nhould he exposed to 

the rain, to allow aontft of thfi cUy tr> he washed nut. Cabook required 

to b« pmtHFted frtin the weath«r, but if oovered with a thin eoating of 

litne pla^UT, it w«.>uld last for years Hard kinds of stone were not 

much iiArd, owing tn the expense <•( workiuK tbc-m ; and ruhblu tns»nnrv 

Jtf** noi npproved, as there wsa diffioulty in obtaining,' uvea beds and gmil 

Bricks as a nUe w<-r-:r «« ba^^ly burnt, and lh« clay was so Iwdly 

d, that brickwork iu •^tptwed situatinna and unprotected would 

•rfah very rapidly. It was ailviuble that it shrtuld io all oasea be well 

^ptastored with limo mortar. TVo or three n<iats of bolted Unseed oil 

wuuld prtasn^e briekwurlt without hiding it, but the expetue prevented 

iiagntarral ose. Coal tar wm an eveellent pn.'s«rvativu, but on aeoonnt 

I of ila iinfligbcly appvaronoe it c.iuld nut bo ofteu euiployed, Limo was 

eneTallv insds by calcining whit* cxnU. \Vh»?n taken from tliekilnit 

'at in a fine white pnwiter, nt for imineilLate use. after being mixwJ wiili 

llwioo it^ otvti l>ui|t of ^ind &nd water. It aet so rapklly that, Id the 

TabUu Workt I)«partin«tit it was the praotice to keep the tiioe under 

er for two duy* liefore uniu^ it. This bad the efRnt of making it 

r IU setting, bet it waa inure easily work<-d, and evonttialiy made 

' Kiir't. i.-«|uaL in fact, to the beat blue Um limn, Well-seasuncd 

uber, with fr t) vatitiUtian, wonld endnro for many veara^ if the white 

I warn kopt away, without any preoontionn l>eing taken to prc<s«rvB it. 

isad attaatioiiB, and where subjeot Io the attacks of Um white aat, 

dm tor was the beat pfoaervativo ; while creosoted tiiuba was 
• from Oieir ravages. In sea water, and even in frivh wat«r lakasand 
als, timber was epaedSy attacked by wurms, notwithstanding tli.-it it 
might be painted, otled. or tamKl. 

frun asposed to the inRuennn of the varying wi^ther spreilily oxidU^d, 
k^uloil, aiipUed hot, wsa a good preventive. Coal tar was. however, ibe 
■*■"* oovenng ai^li^jd nithnr cld <vr hot. or before or after oxidation hod 
eoced. Oniiuory ijalvaiiized sheet in.>n did not. lasi many yenni, 
t protected with t;oo-l rvil lead paint freqaeotly rvncwed ; but nna 
uld laat (or many years with little or no decay. 

In the course of the discuMton it was stated that nn th« C<reat Indian 

Paailuula Koilway, Baltic sleepers Imtb crenaQte<l and Kyonised, and native 

r jun^ile wood ilenpsn had been used; but after thirteen years' expuriciioe, 

1 fthiise whinb had failed were b«ag noUosd witli teak *ud iron sleepers. 

rTii>- '.i:iu\i^ woods were so bsrit and close grsuited that they conld out be 

1 with any pneervativ* luhetance. Tbe key« were a source 

•-■ Liuble in warto and variablp climates. Thon? of wocmI hail not 

tkMu luaad affioioat in India, and eodeavuura went nuw being made to 



deviie a substitute. Iron work of all kinds should be thoroughly oIa«u>rd - 
drivd by heat, and then dipped in but linseed oil before being expoivd 
from this country. 

It was contended that it was noposiiiblB to predioate what timber would 
sustain, for while yelluw pine luul been known to last sound, an railway 
sleepers for twenty-fivu years, in other cases it had decayed in five or six 
yean. This InKjaontly happened also with hard tropical woods, without 
there being any apparontly assignable cause for tbb difference iu thi< 
rale of decay. Hence, m the tropios iron was nearly the only material 
IbiilcouUI t« employed eapeetaOjrforaleepan with anything like oertainty 
u to the roKults. Ko douDt Iron mode a rigid penoancct way ansoitahk 
for the: hiiith apeeds ooouuon in this country, although possibly this might 
be partially obviated by a more perfect manner of securing the r^Is on 
the aloeptirs ; but in tropicjd clitnntes the uae of iron was almost a necea- 
aity, and there a specid of from 22 to SO miles per hour waa a maxitnuni. 
Greavbs' ciut-iron bow] steepen hiwt been laid for eighteen Tears on the 
Kgyptiao radway. and made a goud and iubaiaiitial rood. The objection 
thai they were liable to break, particularly aluug tha centra line, might 
lie met l>y uutking them stronger , and it was remarked that on the I>oin 
Pedra Seguudo Kallway, Rio Janeiro, the bowl sleepera had been in tiaa 
for eleven yvan, and unly ona slee|>er per mile nad required to be 
renewed. 

On the East Indian line, of moie than 1000 mUes in length, the 
alaepen were prtneipally of sAl thnbsr, hot there wen others of creosoted 
flr Olid of iron. Although there went many dlflerent kinds of tuitsble 
native w<^udB, there anw diffioulty in obtuning large quantiliea of any 
other tluui oil, which, when out out of large timber and wtill soasoiifld, 
WHS very durable. JKeceoUy, in opening a port of tha Una near Calcutta, 
slU sleupen had been found in a good state of preaervation after having 
been laid twelve yean. Id other parts of the line, creosoted eVjopen 
were in a serviceable condition after being in uaa ten yean. Teak was 
perhaps the best of all Indian woods, but the cost pntduded it* use for 
sleepcns. us it would amount to 15s. ]>er «lee|>er. Flat iron sleopcn had 
been onaucceaidid, but cast iron bowl sleepen seeoned to promiae batter 
fwults, alihough at present they had not been sufficiently long in oae tQ 
enable a dnfimte opiniiin to bv proaouiiced. Hie brvaJcage so far had 
been eerioui, amounting to about 20 per cent., but this might be ohriatad 
in future by oiakiug tlwm xtninger, as bad been auggeated. The use of 
iron araa deairabla on account of the difficulty of obtaining large suppUea 
of timber ataepera, and the unocrtainty as to their quali^. 

Although the decay of materials in Ceylon was ooquestaoaably ioSa- 
enccd by the alternating effects ut heat uid moisture, vut It wis belierad 
to bo principally due to the use of inferior uMtariala. In the upper 
districts of India, there were brick and stone bntldlogs of great antiquity, 
in fact anterior to historio periods. 811 timber was hard, durable, and 
abundant in the oenti^ forests, and along the base of the Himalaya*, 
and had been generally employed by the ruhUc ^Vo^ks Department; bni 
owing to the great demand of late yean, it was now hardly poetlble to 
obtain it well seasmicd. Took wns also becoming acorce ; that whiofa 
grew in the province of Burmoh was of large siae and very useful for 
ahipbuilding ; while when cultivated in a drier range and upon reeky 
ground it was as hard as ebony or Iron wood, though of small s c a n tli n g 
and of crooked fonn. 

U was nciticed as remarkable that the obaervations m one paper ware 
repeated in the other, and that the means of pnservatioo which had bean 
suggested as af^licable ui Braiil, wsn likawise recommended for 
Ceylon. There were howeTer some points of difference— eapecially aa 
to the use of galvaaiasd iron. The author of the Erst commnnlcatlon, 
speaking apparently from opinir>n r^thur than from experieoee, adviied ita 
Ufie, whue the author of the second, on the ooutnry, thought that galw 
oizing alone, without painting or tarring, was not adequate to protect iron 
in suuh climates. Aa ourruliorative of the remark, that the loss of weight 
in iron from oaidacion was less in Ceylon than iu England, iu an equal 

Eriod of time, it wsa mentioned that out of a qnantity of rails, which 
d been manuhtcturt^ at the enme time and at the same place, some 
were lying for many months unused in ('eylttn, and otbsn m South Waiaa, 
when the loaa of wdght by mat was found to he Uvgely in axoesa at tha 
latter plaoe. Where there was great heat combined with axeeaaiTe nuus- 
turc, it was imagined that tbe eOect umm materials, particuliirly timber, 
could not be otherwise than serioua. While io the first instance it might 
be prudent to imfxtrt limbar artitiuiaUy prepand, owing to the abaenoe 
of available data as to the cbanuiter of the native materials, yet It was 
believed, as the qualities of the different kinds of native woods becama 
better known, as wdl aa the proper time to fell them, and to ntepara 
them by abed-diyii^f or other wiso, and as a mote ready aooesa waa obtamcd 
to the forests, native woods might ulUmately be used with advantage aod 
economy. In tmct, a specimen of native BrasUan wood had been ex- 
hibited, which had endured for two hundred and fl(^ yean. 'I'he alleged 
ezoeMnvB wear of the huIn and tirea in Pernambnco must lw> exptaiued 
apou other grounds than tbe heat. Perhaps the ^t that tlie rails wue 
not ' hehed 'until after a poctiou of the line had been opened for traitic, that 
there were conuderahla curves on tha line, and tlmt the mad wsa not 
laid in tbe perfect mAiiuur which was poeaibla in this c-iunuy, added Io tbe 
great atniMpburic alu-matiuDa, might be aufBcieul to account for it. 
It was nmarked that in o^ng unprepared woud, no doubt )t eras 
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<ltMiir»bIe in «e1«ct that put which woa hard, m the pores being fiU»d 
with liguemut niftttor, mich timber <lid not ■» freely absorb moisture. B)it 
for cnxisotitig purposes thu tfiTefHe waa the cwie, for it wu imjioMible t<> 
make bcart-wcit>4l abnorb lU lb, nf nil per cubic fiK>t, tu vn* nonutixae* 
iwjuiRHl. The gnat taIuo of ureiatiiing wm thst it tnnblpd ynung wood 
to b» u»od, aa tbcD. the porvs b«ing fiJed wiUi a bituminoua aiiphaltic 
uiaatic, th<< wiHHl so treated wu pcrfcctlv waterproof, and harder than 
lieart^wriod. Tbe reason why tbt> lialf-nmnd doepora on the Pemaiubucn 
lilie were wore durabl'.- than tb<>46 t>( nquAro form, waa believed to be due 
to all tbc young wood boinj; ruUinetl io the fcirmn-. Recent experinienta 
in the harbour of Osteod nhfiwcd that wuoj prrpared vrith cfirroMve nub- 
Limate, or wilb Bulphatu of ziac or vopper, wa» only i^mrtially protected 
■gainat thewomt, but when cnH)Mit>-d the wonn would n<*t t«)uch it. It 
WM advisable tbat pilea in oca wat«r abould tiot be wiuarod, bal naed 
round, with ae much young w<x»d m p™wiblo. 

Respecti:^ tho rava^oi the white ant, there were many oU itructures 
iu Bnuil not to afleoted ; and aa regtutlt-d milway sle^pen, the frequsot 
ihaldnsaad vibration would, it waa consider>>d, render them tolerably 
aafe. In that country, ]K>nmii and opvn-gn)ne<l tiiabcr teemed moat 
KUbjoot to iheae attachi; but in Au«tr>^iA Lho hanleHt kind* wcrv firai 
attacked. Tlitn waaespedaUytheoaae with imn-ltark timber, thedtrniiity 
of which woi to great as to oauM It to sink iu wiiter, an<) in tenacity and 
reei«Uuicc to atraln it approached rough cant-iroo. White ant« were effec- 
tually deatroyed by oil of creoMite, and anything of a bitU.T taste injected 
into the Qbrv, or even n ■mall quauUty of tuqwtiun?, would prevent 
their attacks. In eome parts of ludU white aiitd wcru very dcatniotive. 
aud 1 per cent, of »orn« atacln of idMpcni had been decayed at tho heart 
in from lix to vigitt utnntbv. Ilie black anta of tha W«at Indiee went abo 
more destructive in hard than in eoft wrwd. Some de«cripuonii of wood 
there were, neither affiscted by the teredo navKlia, nor by the black ant, 
und when uxeil for pilea had never been known to d«cay. 

^ViUl regard io stone it bad l>eeu f>>und that tliv application of linveed 
oil itot only acted an a pr(«er\-atire, but it rendered m(t Mlonc iu tJie 
ovurse of a «b(iri time very hai-d In Jamaica tb? bricks were well 
made and of g<MMl loaterialB ; and some buildmgv there hw) hUhkI fnmi 
time immemorial without cxhibitiii>f any iiignn "f diK^y. Mortar, both 
there and at the Catie wa« uiodt; i>f nUvW lime, and c*ru when iiiixtil with 
aem sand it was hani and durable, hi India, the luJditi'Hi u> the Ume of 
about !i \Kr cent, of jagcvry, a ooarvo native su^tar, cnuMrd the mortar U> 
mi well and to be very durable. \i Ibe <'ape the brickn were not good, 
and owing to tho exudation of phoephate of soda after the work wius 
finished, it wiw advisable to plnAWrwU brickwork. In India the tt'tegraph 
|MMts were to a hkrgv txt^'ikt 'if udme obUine*) from Agra, and Uie rapid 
decay of timber whnn vimm] for that pun^'oe, Ii»d greatly retarded tele- 
p^I^iic extension in that country. The ditficutty won now iMing met by 
making tht* tower \iKTi* of the piuiti of iron, into whieh wttoHen jKUta were 
inwrrted. 

Itcny^clittfi the Htatoment that the only examples of iron bridges in the 
pmvinr* of P«manibuco were tliiw btbiiij^tig t*' tho railvrav, and tliat 
vt Hx leabel. ci>tii[>li-t«il in t8i!^, U wam i-f marked that about twenty 
Vean 9igo> a Pmti^h ^nt^iieer, M. \'atithifr, when engineer-ln-chiof to the 
Province, denignwl and erecte"! ft flint [►ciiFiou-bridge on one of tho main 
roada, about ninn iuili-« from the city, acro«8 the river Capibaribe. at the 
vlUa^ of Caxan^. . The rooilwar, whirh wan 100 feet Imig by '20 feet 
wide, wa« iuspended fr«m a pair of iron wire ropes on eat^ nde of the 
bridge by vertical rods of wrought-imn, the nttaohmeol of the rod* to the 
ni|)*!S being by means of ntpinj* wruufiT^t-inm pintet, embracing both nipea. 
Kiirh r<)pfi woB in foar separate pitfwm, anil mnAt.ited of a inaaH of wirv 
simply laid together and bound at intervals. The nicking Ktaiiilnrdit 
were of coat-imn in thtve piecea, and the platform wai nf wood. All the 
work was exocutwl in tho cnontry, inoludins iJie casting nf the atondardit. 
but the wire wait purchased in Kngland. 'file ropea aa well as the cast 
and wroufflit imn wnrk were atiU wmnd. Tlie cent had amounted t<> 
between £5Q0n and Jb'iJOOO. 



NoTtmbfr :*V» The paper read was " IMtrrifititin of thf 6i*inu6y 
(Jiojfoi) Doel'»: teith a detailed aeeount of tlu incUued land, entrance 
todc», dotkusUf", *f," By E H. CukM. 

The aiithtir sIiiUnI that the old dock, formed fmm a natuml tiredc, 
nieacoriiig in fxii-tit nlmut 1<< aerea, was comparatively lueless, by it* 
BhaUowneas and by the narruwncnit of the entrance chaniiel. When the 
means of carrjing out an extensive water cumuwiree at the port of 
(jrimsby were c^mtvm plated, llie Maiivhetter, Shcl!icld, and Lincolnshire 
Railway Oimpony. wn<> had bcLoniH the proprietors of thv <ild Haven 
and r)ock, prr-»»-iited an extemive nrojooi to Parliament, dcalgmed 
l>y ibp biU- Mr, ,L M llcndvl, cfe, which was sancliuned in the 
ytw mil, anrl hail i*ini*<) bc-en i.Mni)ilcle«l. It wmprise*! the forma- 
tion of on «utirely new dock, tlie entrances of which lay beyond the 
limiti- of low water, the now works being a<iva!i(*d into the river 
Hiunbor for n distance >4 three-qii«rt'.'rf i>f a mile, and emlwacing on 
cnclnaiir* til i:tn acres itf iiind rei'lainn**! fniui the rivtT. The works of 
• tbt» inclo*ure were eommenwd in the spring 'if IStti. They oompre- 
liended the (.iitutnictiou of wharves, L-uibin km elite, and a cofTcrtlaiu, 
togetlier nearly If mile in length. Tlie cuflVinlaiu vr»s remaritalili; for 



its nujniitude. expoaed pontiun. and independent ttabUity. Coatiibro- 
blo difficulties were «t»otmtersd in sevenJ plaoes in obtailuB(f ft fim 
foundation for the wharves and embankments; bat theae wan inioeasM 
fully uvercoinu throngh tfaoexertinnii nf the late Mr. Ailain Smith, CK., 
the resident engin4N^r, priiioipally by Ifwding the soft ground with cbalk- 
Mtone. The inclooure was Dom(d«ted by the end of the year IS44, when 
the interior works ware cororoaiioed. lliew onmnrknd the oonxtmotion of 
a dod( of 25 acres, with a depth of U feet at low water, and of 2:1 ft. 
6 in. at high water, ordinary spring tides; of two entrmnoe looks to the 
dock, the larger one being SlH* feet in ]eiig;th between tba pen galea, ami 
70 feet in width, aud the smaller ooe 200 feet in length by 4£ feet in 
width; and of a tidal basin of 13 acna inclosed by timber pien, with an 
entrance 260 feet in wifitli. Th<-rc were also extensive timbei^ponda, a 
t^ving dock with a width of entranoe of 70 feet, and on the qoaya, 
which were 960U feet in length, transit-sheds and bonding-warefaousaB, 
granaries and ootton-abeds, cattle-pens and cool-epouta, with a railway 
paaae n gerstotion, and hraneh railways through the warehouses, heeideci 
a small dock for fishiutf-craft, tj acres in extent, and having an entrance 
20 feet in width, with tlie usuiU appurtenances cuuiiectvd with that trade. 
Tha cuntractors for the t^otferdam were Mcvm). Linn, of Liverpool, and 
for the dock works, ftlesara, Hulchings, Hmvi-n, and Wright. 

The cofferdam was 1.100 feet in length, and C4>nusted of two oircular 
arcs, with a stnughl mtum on the wost side, the versed sine of the 
curved purtiioi tfving onv-fifth of the span. It was situated where the 
average velocity of the tide in the river Humber was H miles per hoar, 
and the riae of tide was J.') feet. Tlit-re were three parallel rows of whole 
timber sheet piles of Memel &r, avers^g &) feet, 47 feet, and 37 f«et 
in length respectively. 'Iho piles were «MveD bi baya of 10 feet, and 
there wss a space of 7 feet k<etw««!n thu outer and thv middle tows, and 
of 6 feet between the midtlle and the inner rows. Clay puddle was 
filled in Iwtwoen the rown, The t)e-lH>lts connecting the rows of p3es 
went arranged ihi as to break jcint, Vi prevent a run of water directly 
ttintUKti the ilatti. 'llie chief novelty was, however, in the connterfikrts, 
or supiHWta, placed at intervals of 2& fw.-t along the whole length of thn 
dam, uud uxUmdiog for IS feet in depth, m m nrtually to give the 
oofffrdom a baoe nl 'ii feet in width. The counterforts were cumposol 
vl whi4e timber sheet piles, and were firmly attached to the dam by 
wolee and rtnita. The total (luantity of timber used in the dam 
amounted to 7f)!>.li<tO cubic fect^ and its conairuction ix;cu[ued two year* 
and a luUf. The wliarf vxUjnjIed from the old dock entrance to the west 
end nf tlie coffordnm, n length of lillljl feet, and from the uai»t end of 
the cnHerdam ewtwwd f..r a length of 120S feet, where it was joined by 
on umbftakiiicnt of l^no feet in letM^th. The whjirf was coustructed of a 
singlv row of whole timber sheet fSot, with a dry rubble wall of chalk- 
stone at the back, iu tlif cent«« of which was a puddle wall. The em> 
baokuent weim couipuaed of the stiff clay thrown up from the foreshore, 
and waa fooLil witli rbnllcKtonK' on the seawonl side, which hod a slope of 
5 to 1, whilK' on tlif" inlaiui side the slupe was 'Z In 1. Tht> two entrooee 
locks were sepnraled by a pier of masonry "0 feet iu width. Each luck 
was provided will) two pairs of pen-gates and ont« pair of n<>od-gatoi. 
Tlif yfuu'l ovvr ihf wbolv an-ii of tlie loclis, centre pier, and wing-woIU, 
wax tixcavat4vl to a depth of is feut below the oill »f the loiger lock, and 
liearing pibw were driven in rows, 6 feet opart frvia centre to oentre, 
and in some plsoir* 4 feet apart from oentre U* centre, over tlus 
area. A pile was omnidtried Up be suificicntly driven, when it did 
ni»t move more than i»iie-«|uartcrof an inch with a blow of a nun wmgfaing 
1 ton, and fallmv thp>iigh 1 '2 (cct. The heads of the piles w«rc Umu cut 
to a uniform level, the ^ttjund wan wmoved to a depth i>f two feet lielnw 
thi» level, and the cpare was filled up with concrot*. Whole Hmbers, so 
connected as to fono c-Mitinuous tius ncmss the htcks and centre pier, 
were then luid trsnsvciMrly, in parallel mws, on the bearing ptlaa. 
Other smiilar tiniben wore laid at right luigW to the tranaverw 
bearers, concrete lieing filled in Iu the upper tiitrfareii of these longitudi- 
nal bcsorera, which were tlien covi-red with planking, to serve as a bed 
for the nmeoniT. L'pwanls of 2M.U0O cubic feet of timber, in addition 
t» the sheet ^ileii, were thus employed. 

The uuuwnry irf the |Kiintiug-<ielU, f*'*-**^'!''"' invert*, aprons, plat- 
forms, (Hjuare quoiiu and culverts, was of nromley Fall stone; the h<il- 
low quoins of utotie from tlic t'lilverley Wootl .[uarnes; while the bocking 
to the walU was of chulkjitom luuumur-drcdfcil, liMd in regular courses, 
ami well Umdwl with tlw* ashlar. The inverts »tui platforms for the 
gotus Were wholly of stmie; the ciUs were stnught, and the joints of the 
masuorv tmdiateti boriroiitally ami vertirally, winw-jKniding to tlie radlu* 
of the m\-erbi. Tbeiv wt.-r>t three main (fulvortH — one in the centn.- pier, 
and one in each wall of the lar),'er and omaltcr locks coinniuniuating with 
the dock, with brandies and outk-w to those culvert*, for filling and 
emptying the Inuks, fur suouriiig tin.'' itncnuice-chaiincl, and for clearing 
the gate-tables. 

Fnini tlic treacherous nature of the ground <in the site of the proposed 
do<ik wnlln, ami from tlie necessity of obtaiuiiyi good foondatioiis for tht 
unuiarifH and traiudt-Blicds, Mr. ICeudel decided to fonn the walla of 
pieiT. varying frem iO feet to >-0 feet in Icnirlb, and msnerally about 
iJ feet tbiLk. ImiJl of cludk-nibblr nin*onry f*'>-'l with ashlip. the space 
between tJie piers being »n:be«i uVkt with brickwork. The backing of 
the walls cutwistcd of m slope from the back part of thu orvh to the dock 
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LboWom. with ft iMtteT of 2) to 1, oompoHd of puddled day &ccd with 
gh ctiAlkaioDe. TlliiA Ilm hme from Lyme Kt-ijui wm ii»od in the 
lioaof Um mortar. It cost, <JeUvet«d iLt liriinabv, \0t. Cd. par 
The tDortw wMuf two kiuda— tbt propottioiu) u( xhaX umptoyod Tor 
J »tul boGWurk weiv tiiu p&rt« of diiKkoJ Utuo, «i];bl of auiveued 
, Qoe part of fnrye ashet, and onu part of poxzonUna. Th« uth«r. 
diieay for the bookmg of wall* and boUdingv, wm compowd of 
m pwtii of lUoked lime, twenty pajw of Kroenod und. thnse porta 
[ ktge aah». and one of pactooUiu. The ocM of bba fonoer wm about 
'lAi^ Attd uf tbfl lattor about 12t. per cubic yard. 

The gMlea wen) of tuubcr, uhieHv of oak Crniu the Blttok ForMt, bnt 

'; awl mabogauy bad b»en oaej. Thoy waro npular (niaited girder*, 

I pair <>f ban being- truwed by wrougfat-tion iitraininf -roda. Eacb 

[ of tbL< gatM for tb» ?0-fe«t lodn weighed about 75 tons. Mid wbuii 

apleted, in 1 S50. they ware ooiuidec«d to be tbo largoat timber look- 

I ever nuitfe. It b*Wiig beeu fouad on trial, when the Urge g&t^ 

t bein^ erected, that the ontiniiry ni\\»r Tised on the outeidu wae iiaC 

F ttn Vertical plann paniri^ through the centre of gravity uf tliti g.ite. 

uuing the gate, when moved, to twiit oouaiderably, it wm d0t«niiiii(>i 

I have two rollera. one an each side of the gate, but bath Ut uavel on 

'Uic »aic<r- )»tb. "Rm inner one waa neceewuily of unaller diametec than 

the ouui'lc one, and a eaet-truo box wai pn>vidied for the inndo roller to 

tail iiiUi, when tbe gatea were clo*cd. There waa a falae door at the 

t uf tlii:! boK, aou when any hani aubetance waa forced againat fchia 

bar at the hack waa broken. During the twalve yean theaa 

_ I had been in oae, these bet* had only raquirod tv be repJaoed about 

dve thnM in the three paire of galea Tbd gudgeon, on which the 

iMel-poeta of the gates revolved, waa of aoUd caat-iroo, and tbe cup 

rhieli flttwl into tba buru of the hwl-pofft wae of the aanie mnteriat, but 

I the Inp of the oop there waa a piece of braa» nf a ooii\-erse ihapa. ThR 

(HOa a( the gates were etrmight, and curmponded with tbe 

3an of the gales. They Wiire protected by cant-iron face-plates, 

_^otnte<l an-1 planed so aa to fona a porfevtly water-tight jnlnt. TUk cvat 

^«C a p&ij of gat«« for tbe hu^ar lock, 70 feet wide, waa £230(), exoluatve 

I tbe ttuichmoty for wwktng them, Thii waa tbe Snt initanca of tbe 

. of Sir W. G. AmutroD^'a hytiraulic maobineiy for opening 

I duaing look-gatM. and it* c-xtt for the sis pairs of ifAtee iu b-nli lock'* 

ahont l'40iK), inoludii^ foiitflatioiia and oastirou pita fur ;he cliaiiu<< 

J work in. Two men oelv wcro reqalred U* work liiti giUea of bntb 

lloofca. which could be opcnn^ in two minutfui and a half, and tha uiacbi- 

which had now been in ua« for ton yoan, had required very faw 

I, and had anawerad admimbly. 

W Thti pteni forming the boundarifi* of tbe tirlal baain were of open tim- 

|bsrwort( uotwtrarted hi bays of piles la elualert. each bay bolng 25 feet 

rt. The whole of the timtter had bean Uip)ro(nrhly uruiwuWii at ilia 

I flf 45 ^(allonil of oil perloail of tiniher. Ttie i^hannel fruin Lht^ iiinittJi 

el the baain Ijj the vntranoe Ii^ckn aviiraged 260 feet iu wiUlh, aiiLJ wjm 

kept io the level of the lock cilU hy fretfueat Bcouring, and by utw^vtiowU 

|4redgiug. IranwdiAtcly outaid^ the tidal piera the channel was U feet 

' tne Irivel of the larger lock eiU<i, unJ the Hoour of the tides paat the 

Mda had gradually decpeood the vbaonol, aluce the ooostmctioa of 

I iloefc wnrirn. From 3 to 4 feet. In addiUon to tbs BMana provided for 

Jtiidag the eilty deponit bom the ohannel of the tidal baatn, tba baok 

water Rou) the country, which orii^nally flowed into the old dock 

chanoel. was Dow divertad into tlie tiiliU buin. 

A granng-thwk had boon coiwlnicted aiuce the oponum of tho new 
dpaka, withawidtlfcof entrance of TO ft,, the dU being Uiid attlii lovcUf 
ifi i«et abt>P< tho cill of tho l»r>:f«r Irjck. ifiviug an arers^-^ d^pth ft waUr 
T )0 ft. i\ iiL 'Ilii-. lyajfth of Uir il.wlc for kool wiw 'l.'.i) foot, ih* wi.lth 
t the fl'Hir WM i2 f«rt., and at tha level of Uwj copuijj; If'l f..-^t, ujKM-in^ 
I 94 fca-l Okt Lhd ends. The area of the dock wu surri^iunlvJ I'V i^ r<>w 
of Memtt] ^r iheot pilaa; uul rows M pilee wore drivuu m the ceutro 
Bae nf tb" -liick, Ui iiiipp«)rt the weijjht of tho ahtpa when blocked. The 
ind within thia areib waa rumoved to a depth of 9 foet, anj vras re- 
^1 by cjucrete. The invtrta and (•.ite-lablBa weto nf Itramlcy Fall 
Jtte, and ibc jolnta were ratUat«il both vt-rtically and hori^ntaily. Tbu 
'Kifaa curved, instead of i.-oiK.'avi* or tint, a* wia the unial plati; lbu« 
^ gxvatar apao;} f or the workman, attd aUowingof better VL-iililat!i>n 
tw aidve of the ve«eeL IV HidtJi of the dock were in mna ttcp*. 
_» beiog 3 feet m hcifc-bt, wisJi a width of tread of 3 feet The 
g-dook waa euppUed with wntcr dirvct from the Royal dock, and 
^^^ idoed to tbe le^-ul of low w«trr into the tideway; but ae the flivir 
HHh (lock waA 3 feet lielDH- thf? Level of low water of onliuarr upriui;- 
"'"- ' ■' ' ' from o foet In 4 ft;et hiul to b« rMinured by 

I by a c>.-uCrtfu^«al pump, aupptiwl by ^fear(. 
..;... .... ...Ijiiiiiiiig tin; duck, aiid iUi<.-o«i coBipIffte, indud- 

kin^ pipe* »iisl on;etijii, Am £ti:i. Thfjw jmiupH wore deemed to bo verj' 

f etntabt'-- f^r !!>-■ dr^inai^.- of gnuing-dockH, od th<*y wore not llabk^ ^l 

' kM liku v-ilvepurajxt, from thi? cliips and rubbiab which found 

.;ito tln> w*U, Tlie gatoi wfL'ru uf uak IJmbcr, and were •iniilur 

' " . 7'^ fwt wide. Thpy werw, howuviT, wtirkod by 

Uw ctubi, iuilL'Od of by hydraulic niurhintTV, a« 

■■• • ■lupiUTHwi with I.ic'k-g»t«», it w.\e o-nsitwrwl 

1 1' ■ oxpi?iwive. The loul oott of the gravlng- 

_ . .^ ■ hou»i' and wuU, but not the eojftne and 



puuipa, wna £32,000. It was dtfitigiie«l by Mr. Adam Smith, and wa« 
4,ioa<truoled, under thu Ktperinteudcnov of tha author, by Mr. J. Tayl'w, 
Two linai oil railway, laid on a timbnr ataging, nui into the dock, having 
ooal-epout* at tbeir extraniitie«. These apouta, or wrought-iron sboota, 
were tilted with hmgod joints, am) were capable of bring raised or 
lowered by wincbee to the height of tbe deck of the veescl There were 
doom hi ike boiu>inii of tlie oMl-WAgeiins, and brcakago of the coal was 
in a great nuaaura provented, by a duor tteing fixed inside thu »poufei, 
hingM bi one of ibi itittoK, and nonnacleil by a chain with n winch almvei, 
by which the rate of the cool entering the vessel wan entinaly under wa- 
trol. Tbo wBgg«)na, when enipticiC desoended by thoir own gravity 
duwn the return line. About 40t> bona u( ooal per day ooukl be loaded 
at t:ach Hpnut. 

A tower, haTin;r a total he^ht of 300 feet, waa ereoled, and iu ibis, ab 
a h-ight of 2o0 foat, a wrought-iron tank was fixed, eapabb of buldui|^ 
33,iH'<) gidlous, for thu porpoee of serving a« an accumulator of water- 
pr&sHure for working the maohinery of thia look-gatea and araaee, and of 
aupplyiug froth water to the shipping. The water waa forced inti* the 
tank by two pumps, uocfa 10 incbM in diameter, worked by a dupUoAte 
borisantal i<-ngiR<« of 'la H.P. Theenginen, pumpH, pi|MB^ aau mmAinery. 
were soppliBd by J^ir W. f». Armatrong. 

In coDoluding the paper the author Rtuuurked that he had ohsemil. 
for several yean past, that there was a gradual wutiog away of the pm- 
montory ou ths Yuriuhiro ooaat. oppoeite tbe Grimsby, known aa tbe 
Snum Pfnot. On tlia mainteoanoe of thia Point da|Kiudod, ho bolioved, 
the oxiattfnee of Grimsby aa a port. About right or nino years back, 
wboR the sea thrsataned to make a breach between the Spnm Point and 
the mainland, Mr. Rendel directed the atteatinn of tho irovernnient to 
the matter, and the fore&hore of tliia neck of land wiu then proteebid, 
bf depositiug on it Urgis quantitiw of cbuUutooir. .Since Ibeu uotluag 
IumI been done, and it waa now to be feared, unlei> imniiidiaU; »le\r3 were 
taken, that a paniuinent breach might be m^idM, and the uhaaael of the 
rivep Humbar be divertpil ftpfnn the Lincolnshire coast, and fonn for 
itself a new outlet into tho North Sea, when the channel opposite thtf 
Gdmsby iXiokx would ptx>bably be ailtetl np. 



Dte. 6.— The paper road was " DtMeriplion of tkt JHvrr Ttt$. aiitf 
of tht ifari-« u/wn it eonmeted vilA thr nuyi/jiuim" by Josbpq Tatuih, 
A.I.i;.E. 

" Aft^r describing tbe ijourae of the rirer from ita rise In the south' 
eastern tlrtak of Crosa Fell, in the Oore<laIe series of oarboiiLferoaii time- 
frtonca, and tho geological features of tbt; ueuutry through which it paaaed, 
thu author aUu<iod to the works above IWlin^rt'^ii for uupplyiug that 
town, at well as Stock too-on-Teca and Mil-llvKbro', with w^ter, But 
rwither at these workji, nor «Ij)ewhere, so tar aa tht: author was aware, 
hivl aoy gauginga beoa taken, with auEBoient aouuraoy to be of value. 
The tide flowed as f ar aa Yann, and the river was navigable to that town 
foruaaUveaieU. At Stooktoo-on-Tees, Mven miles fiwther, the river 
assumed conuderablo dimeoaions, and vessels of fniiu 20!) tr> VOO tons 
burthan came up tu its tjuayi. Thence to Mi<Jdleabr«v', five miles, ile ct>ur«« 
wan very tortuous, aitil iiuinf*diat>ily b^tow, xfter loaktii" a nti'Iden bend 
to th« north-east, it opened into a wide eatuary, upwojils of three milaa 
in width from ahore to shore ; but of this a large area wa>i only covetvd 
to the dqitb of a few inches ^t high water. I'be bar buoy was about 
eight milee beluw Hiddlcibro*. The total length of tbe course of the 
Tcea was butw^m 70 and 30 railea, and its basin contained an area uf 
atxKit 750 iiquarc miles. 

[Tndiir an Act obtained in the year l^l>S, a cut waa made fnim the 
oAAt flitia of the river near .Stockton, through a neck of land to Porlrack 
This cliaonol was 330 yards In length, and it short«o«'l the coarse of the 
river about 2} miles, producbig a sooar by which the dopth of water at 
Stockton l^uay was increased from 9 feet to II feet, 'rhe ooat of this 
work was opuvards of £13,000. A seooad cut wiu ci>mpleled in 188U, 
from Blue House Point to noar Newport. This va=. 1 U>0 yards ut 
length, and cost almut £3f!,O0O. About the natiiK tini'*. the nmittructiDn 
of timber jetties or groynes, at right anglee to the atruatti wna coimBOOced. 
Their total number at present was farty-tbrBe, and they varied in bttgth 
from 40 feet to upwardn of 3000 feet. 

AUusiuu was then made to the staibtwa for shippin*; eoal, erected on 
the bank of the river at Middlosbro' : otmI it wsa slated that, owing to tb« 
ahipping lierthi at the etaithea having lM>«oms ftRsd u)^ u ship of the 
UPtiol draught of water ooidd with difficulty b« imioaded. In 11^48 
thorv<f.7rtf a dock was constructed, and the staitiuH were abandoned. 

IlAving notice<l the principal worka coaovi-U.'d witb the navigatirm, 
the author next referre'l ti> tlieir etieut on the cha&md of tbe river. The 
lirst cMl, uf \m)\ apne&rwl to have lje«n wiJl devised, for it cnntrihutol 
to the nunoval of a ofannl lying a littli? higb'/r up the river, and produMd 
an incTttfUMl -Jepth of w.-Utf of *i feet at i^nkton Quay. The expediency 
of the sec^md out was more doubtful, as it destzvyed a broad reach « 
tbo river, thus depriving the chanuel below of an important resRrvodr of 
tidal water. Tbe combined effect uf tlu; timber gniynca aiHl of Um two 
arbiSuial channels had been to reduce the river between 8t<Kik t<m and 
NcwiKirt to a nearly uoifona width, straigbt and narrow. t1ux»ugh *rhirb 
tha ebb tide flowed with onnslderabte relocitv- As thu tide wae kuddcnlv 
checked at the eastern estmuity of tbe aeotnul cub by the greater widu 
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of Ui» cfaume], the tendeocy waa fitr mil mfttt/^n h«-l/) in mwpeiwion U> be 
depoiiitpil, thus [omung ■hitAli. aiul tiiliiig tip Lhf Imw) nf the river. At 
tfaii VM coiuUuiUy rceurriiig, tlie •ytteiii of (irikyuoB bod been ouaCiDaod 
lower (lown wiUi & view t» wrciire deftp wnler. auj whun the wider <dMa- 
sel wmii reached, it beauoe iu<>r» 'lifticult tu denl « iUi il. 

ITiB workii fa»t eaoMtd (he •litin; up of the north nlwre of Puoblet'ii 
Bi^bt^ which iniwt hbra lieeu « mU-iuiihitMi ; but Uwy alto led to the 
filluif up of the ahipping bcrUu lU Midilleiibro', whiob could na% hftve 
been tnteoded. lu ISS:.', Ui'* contml nf the rirer wm uBumed by the 
1 11 Qwuit Ttuunen CoDaurvancT Comiui«Hon. For s'nue years prv/ious, tlie 
river ImIow MiddJatbni' hkid hcon in iv very Uvl utAUu »!id wm ctm^uftUy 
mttiDff WDiw. It WM evident i.y ktk-m fnmi tihip:iwner». w given in 
Mr. fiald'ii report to the Admlr^ty in It^l. and ww onrmhnnited by 
li)« mntmal expeiieoce of Ibti &itlh«r. that the cbftnnel changed very 
mooh evwy «pring lidn. by Uib nperation of the wtljei below Quvn 
Fleet, and that it ran alnnMt dry at low water ■aemr llie ninth buoy. In 
(act, lhf effect uf thr groyuoa hid beeo to advanot- tlm f-irwhore Ut their 
PXtmiiilitsi ; and in many oaaea the width of Ifae uriKttud cbannol in the 
To«s» Itad lieen teduoed otw-half, by which a lurp^ ho.iy of tidal water 
had been excluded, roduiang tlie volocitf of the ebb lidee, and diminiah- 
iiilf the ■conring fowe, with a corrMpooding result in the Inwer rra^tea 
irf the river. In IS2I. prwitms to the oonttraotton .jf any of theao 
worki, the loMt denth of waU'r btwwa Caiyo Fleet an<i the niulli baoy 
an<*nt»5fl waa « but, exerting upon the MumcI ncarf xhoal, mncc re- 
moved by ilredging ; and which it wai ontimftlwl by Mr. Bal.|, in hia 
report to the Aiimtralty, mif^ht have been then efTectwl for £^0, while 
tlie oMt of tbc jettioa, which dtd tint remove il, mint have been aon< 
nid<*nLbly grcaLer. Tbu workt in the upper part of the river had therefors 
teduceil the depth in the channel behiw Muldleahm' 4 feet and tho deep 
water auchorage bortha had also been cooaiderably dhuniahfld. It waa 
not dflubted that the channel of the river between Slnclrton and Mi'l- 
fOevbro' liad been made more direct, and the depth more uniform, by 
Ihs OQiUitroction of the varioue worlu ; but the author waa of opiniou 
that better reitullM would have )t««n obtained by a judicioun lyNtein of 
dredging, and that the ilisaatroua effecta upim the lower reachee of the 
river might have been avoided. The author boGeved, aa » gvnoral 
principle, that the opemtion of dredging, by lowering the bed of the 
river, and thus incretuing the tidal flow, wae acting in unisnn with the 
natural aooaring forcea ; whihit contracting the channtl. by jettica or 
groynea, ibut out a cttrrwjKmding amount (rf tibial water, awl weAkened 
tbeaODuring force of iLs ebb title. 

^ In oonduaion it waa stated that the new oominittiioncra bail principally 
directed their aUeation to dndguig the channel and to forming groyaw 
or training walli of refuK alag from the iron work", either at half tide 
level or at low «i-ater marit, in plaoe of the oU timber jettie*. by whidi 
the dopth of the channel had been inereaaed to upwoitl? of 4 feci at low 
water. A breakwater, alxo of irwn alag, wa> now in procc« of cou- 
itruction near the mouth of the Teee, on the aouthorn ahore, extending for 
a diataoce af about <3flO yard* ; and it wan intcndod t.» f.irai another 
pier from the north »hore for a luigth of abont 'iwt v«-.U. Th^^ ends of 
tbMB two piam would curve aeaward, leaviikg an entnwioe chaauei of tiOO 
yard* in width. It was tioped that by the conilniction of tbcM l^en, 
a lafe and ibeltered liju-lwiir of refuge wonld Ijc created at tho mouth irf 
the 1^. The depth on the bar at low witur apring tide* wa* about 1 1 
footh and at high wat«r 27 feet, being a gruateu- depth than exiated on 
the bora of the Tyne, the Wear, or the Ojile." 

/WmAfT 13.— After the meeting, Mr. F. B. I>oering exhibited and ex- 
plained a Level, which for readier adjuflUut-nt. wm Mipportcd upon a 
giuitwl ioint, imtead of on panllet )>hitea ; and he sUted that the plan 
waa applicable to uther surveying iuatruuM^nU. The methotl wa« similar 
to that adapted for a ship's oompaai, with tb« addiuoo of vertica] arcs at 
right aoglea to oaeb nvpoctive ana, which were clamped to each othtr 
aod to the frame that waa aorewed on to the ordinary tripott stand. In 
the ftald, when uainfl this instmmnnt, however unoren the grmind might 
Iw, the lega were put down in the most ooovenieut tuauner, irrespec- 
tive of level- The damjw holding ttw telew»pe rigid with the ataml 
wera then slackened, aod tho telescope set approximately level Inr tho 
hand. Tlie ckmplng screws wen then tighleood, and the final adjuit- 
nunk efleoted by two Longent aorews at riglit anglea to one another, 
and oOTuiected rQc|M.*ctively with each an; at the damps. On moderately 
level and Rmi ground, it waa not neoesaary tu undamp tbe joint of 
the itistnimcnt ; om it might be set up approximat«.-ly level in the 
onjinary way by tbe 1«^ and bo bp>ught to a perfeot'o^ljuirtiDoot at 
onee by the tangent aorews. By dividing one of the area into degnxw 
the inatramrnt eonld be used for mt^aauring vertical ot^lea, and thus 
tbe height of any point at a distance, required for chediing, might 
be obtaineil. It was twiieved that by this method, a level oould be 
set up on aidehmg, soft, <ir broken ground, and «-ith aa much eaae as 
oo £riD, level grotmd; and that, aa o<iae of the moveable porta were 
tiahle to lieonme janiniMi, u in ih*? |^«ralld plain HyNteni. a ninm per- 
fect adjustment was practicable. A levtl oonBtructod in this manner 
had been tried in wet wracher au4 in highuind*, aud pro\'cd to be 
M atowly aa any inatninienl kithorto mode. 
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AnnwU (Tnteml iitttvug. 
lite. 20. — Vs pt«sentiug an aooouut of the pmoaediBga daring the posi 
twelve monUw, tlie council rejmrtwl that the duuraeteriatiu feature of 
stuiuly prngrfunive development was never more fully exemplified in any 
similar periixl. «inoe Uk ftr^t eetabliihment of the institution, TW 
meetiagii had proved very attnctivc. the diaonnons had been wdl 
sustained, tho Ubrary waa fast becoming rich in all profeaidonal and 
soientifio works of thi* and other countries, thtt niuuber of members and 
asaooiates bad gmtly iucrtiaaed, and the finanHal oniditiau waa vonr 
satisfactory. The iraportonoe to eogineers of heing oonneclad wita 
ftm inatitution was felt more and more every day ; and althongfa 
time had not yet arrived when it was considered im(>cr»tivi? fiu- 
oiie praotislng the proiesalon to have rcceirad the 'iii^oma of tbe 
tution. yet in geneial opinion it might fairly be aiud that that poaitiott 
had been attained. On these gTouods, thetvforo, it was more thou ever 
esaenttal tliat the qualihcatinna of all caDdiihOuii for adiniMJua ahoulil 
be moat Hcrupaloniiy examined ; and that U>c mciiulierH should sotifl^ 
themaelves, before signing any proposition (laper, that the penou so 
wcnmuMmdad poMMud such ohaneter, {xacticf. and experience aa to 
entide him to tbe distinetltio ha sought. 

T^ero bad been twenty-thrae onTmaty general meatinga during the 
sesAoo, when tdevan papers hod baen read, maay of the aveoingB hanig 
beeo entirely oocupivd bv diaouanons. The oominunicotiuns related to 
the details of erection of three Lighthouaea for Eacilit&ting tlie navigation 
of the northern purtiun uf tbe Red tiea ; to the causes uf the deohna '~ 
the duty of Uumisb Pumping Bngines ; to tlui ciroumstancea whi 
determined tbe velocities of mflux and reflux, and oooaeqtteat i 
attendant on tho tinal cIo«in^ of embaakmenta for malaimiug land 
tbe sea, or from a tideway ; to a dcecriptioo of the featoree of, 
changcii in, that nwtion of the JSast Uoaat of ISoglaud beCwoaQ 
Thames and the Wash Ettuoriea ; to the actual state of the works 
the Mout Cenia Tunnel, jierhapa the most important axul interestti 
worh of civil eiigiaeeriiig^ in the prasezA day ; in ao inuairy into t 
rcaistancBS to bodiea pnasing through water ; to the Santiago and V: 
paraim> Railway; to tbe stmciare uf locomotive m^nes foraaoes' 
steep gradients, when in combination with abarp uurves, and to 
impedimeutal friction brtMecu wlwel tires and n^ ; to the distillation 
of coal and the monufactuiv of coke; aod to the machinery employed in 
ainking Artesian wellaon the Continent. 

Wiui regard to the poblication of the Minutes tA Pmcaadings, it was 
stated that voltnnea zzi. and xxii. would sliortly be issiwd, and that the 
General Index to the series of volumes from i. to xx. Imiluiive, in 
itself a Toltune of about four hundred pages, was also ueariy ready. 

A new edition of the Catalogue of the Library watt in preparation, 
in oootinuation of that issued in l.'^Al. now out of [irint. At tltat dote 
the library contoinad upwards of three thousand volumes and ttfte^i 
hnmlrcd tracts ; now tbe ooUection amoontod to about five thottaaiid five 
hundred volinnea and throe tbouaaad tracts. 

Tbe tabular statement of the txausfera, eleotiona, deceaaaa, and reng- 
naliuQs, showed that tlio number uf oloctioos bad been 93, of dgoeaaM 
26, of resagnataona 6, aod of erasures 7, leavini; an effective inoreaaa of 
S6, and making the total nomlier of mcmhi-r» of all daaasa on the 
hooka, on the itOth of November lost, iUS5. This waa an iaenaae of 
neariy d'3 per cent in the poet twelve montba. 

The deocaam announced during the year bad b««n \ — Prancia Burd, 
Thomas Bartlett. John George Bodmur, Thomas Caaebourne, Charles 
Dean, Joaeph Gibbs, George Hnrwvod, James Jones, Rhys William 
Sans*, Rdwanl Oliver Maiiby, George Meredith, fit^irgo Maokay 
Miller, William C^hadwell Mylne, Richard Rohcrte, William Simpson, 
and Adam Smith, membciB ; John fitoines Atkincon. William Bagnall, 
Frwleriok Lawrancc, William Ucwcllyiu Thomas Telford Mikhell, 
HoUrt I t o n some. UhorW Frederick Htuort 8uiilli, Alfred Tliompaon. 
and Arthur Wightman, asaociatea. 

This liat tadnded thenamaeof many verv old mcmlxtra, several of whom 
had been engaged under the first Presiifeot, Telford, as well as one of 
thesis fouodera of the institution- Mr. Jameo Jonee — who in its early 
days acted aa Seoretary, and whose death, at on advanced age, waa tlte 
reeult ul a lamentahle aocidtot. 

The abstract of the receipts and expeuditun, Cor the year ecaling tbe 
30th of November last, as prepared by the ouditon^ sbowad that the 
payments during the twelve nonthe hail amounted to £3Sfi5, againat 
receipts from all aonroes of £441 4 ; and that the amount obt^ned frtim 
rabaoriptionB aod fees alone, without including tbe dividends upon in- 
veatmenta, and the sums derived from other wurcva, hud exceeded the 
diaburaemeota by about jC4CiO. Hie Oiuncil IumI, tlu^tvforw, beeo sw;nio 
enabled to add to the Institution Fund, by ttic piirchosr of £UKMi Four- 
ner-Cent. Debenture Stock, of the London, Brighton, and South Coast 
Railway Company. On comparing tlii« «tatroirut of accounts with the 
average of tbe previous ten years, it ofijieared ttiat the total income now 
exceeded that average by nearly 40 per cunt., while tbe incroase in the 
diflbursvmimts, doriug the name puriud, bad been hiaa than SO per cent. 
The realised property of Uui institution now compriied i — 1. General 
Funds, £10,!(llf. VIA. li>d.; II. Building Fund, £1751. Oi. Id.; and 
III. Tnut Fonda, £9970. 12<. 7d., making a total of £2S,S41. S«. dcf., 
M agaioK £20,64^. 16«. 2^ at the aame period last year. 
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The proprUtT' of cfct&btishitu; a B«ti«vole&t Fund ia ooimecticui with 
the profpHoon rewivMl the wnoua ooluiidvrsttDo of the CouncO )>efi)re 
may rtPfM wer^ taken to uoertaiu the vi«wi nf tho nwniberti gtmenUy. 
It w»» WisII pointed wjt by Mr. F. J. IlnHii«-eU (M. Inat. C.E ►. with 
«bom the preHent propocAl orit^iiAted. tlut io moft, if not in kU, ntbt>r 
fKiamiuDa mxuI ocuupMionA thani wu Jb ragaUrij orgkoiaad iiyBtcin 
nr Ui« Jtnl of Jecft^u^l uteiuWrs, aiu) of tlw faoiilta of d wc wi c J mem- 
liem, when in DeceaKtouH oinniioBtaiiceH ; &nil th&i, iiuuimudi M the 
01 il engineer) alrwwiy fonned a numeroim and increwinjf hodv, in aoine 
re»p««ts mon Ukble to tboM tuisfortunu Mid viciiwitudet which wan 
known by experiettM to ovotake those foUovtng oUwr punuiU*, it wm 
iocuiultent cm the proCewoa lk»t Mma bu«ine« n like action should b« 
' 1' :. in pTHferencu Ui nulicitinff flatocriptioos for Individual ua»«», now 
': iun»tely found ti) bo frequently rsquiiiitn. Privato ini(uirit!« among 
A few of the Tncnihpr* of tliu inatiUitinn hnving «bown that such a fund, 
if pp'periy oi*ii*y(H| and adf-juatt^ly ijupported, ooold not f aU to be pro- 
dudtiT* »i itouisDM (rood, it was determined to appeal to the funeral 
body, and the ranlt nad been lucti a teepoitte ae fnUy tu juh^ Uw 
ennntt «ht(*h hail bmn ponnied. Already nom 2H oontributun, dona- 
tiniiA tl^ ttie amount of i^'il.^HI, atul aiimial lubBoriptiutu to the extent 
«if i^it*7. hiwl lieen promised. Of Uieae ooDtiibtitont, 97 wore donors 
<iul>. 11 were both duoon awl annual subacribets^ and 113 were annual 
cubacribert. 

At the meotitig reuently held in the rooms of the instituticin, tbo 
fund was formally ettabluhod, and that porUonof the general couuuittee, 
vhich it was rMnmmen'lol ahmiM be elected by the fjontributors, watt 
afFpncited. At the eanie ttmo Qm committee vrsa requoflto*! to pnrpAre 
* scfaomc. with byu btwa and nilea, for tht.- adminifttration of tho fund. 
and to report the n«idt of thvir delibttratioas to a general meeting of 
iho coatributors, to be Hummoiied for the 17tli of January next. The 
CDOaeU would nut vfuture to uiticipate what might bv the wnue of 
At aTmtderatidiix of the c>'<mmilt««, but thi*y felt atwureil that a 
—BR 90 cakxilatod to enfannoQ the oharaoter of the profeonioTi would 
b« eardially nipported ; and on crcry ground they ooouuended it tu the 
nuMt hrrouEable notice uf tbc mcinbvn. 



If the object of the prnfetuiion M a oivU engineer be, as deMribed in 
the charter of incoqKiration of the ioBtitution, " the art of directing l^e 
gntat Hoiirces of powvr in natoro for the oio and oonveaience of man." 
it might fairly be ukeil. what oibttr profe—foa played so large a part in 
de^-eloping the material reaouroes of^tbe vurid, Mnd in fadlitating that 
intercourse between natunu which tendeil to pmmote peace and good 
will. It ohould then, be the ounatant endeavour to make the institu- 
tion tbo depository of tils Moomulated knowledge of all the niemtien ; 
and all should striTe bo to suataiD and couoUdate the infttitution, that 
it might continue tmlr and futhfully to represent tlw isiportaut 
intereete oomnutted to ue can of the civil coKit^"!''' 

Aftor the reading of ^e report, a Tulforil mctlal and a Tolford 
premium of books were presented to Mr. W. Lloyd ; a TeU«nI medal 
to M. Pentolet ; a Telford medal and the Manby premium, in books, to 
Mr. G. H. Phipp« ; Telford premiums of booki to McMn. J. B. Red- 
man, W. Parkos, T. St^with, junior, J. M. Ueppd, and (>. R. Bumell ; 
and Watt medals to Messrs. T. Sopwith, jumor, W. Bridge* Adama, 
and J. CroM. 

The thanks of the iustitulion were unanitnouHly vi>t(il to the Proddent 
for his attention to the duties of his office ; to the Yioe-prraiilents and 
the nth«r members and aasoouktes of council for their oo^iperation with 
the President, and tlieir constant attendance at tha micctiiiga ; to Mr. F. 
J. BramwcU, as the urigluatxr of the pre»ent movement for the estttr 
blishmont of a ItencTolcnt fund in connection vitlt the profesaiou ; to 
Mr. Chariea Manby, Honorary Recretarr. and to Mr. Jame* Porreet, 
Secretary, for tlu) manner in which they had perfonned the dutiea of 
their offices ; as also to the audltun of the accomiU, and the scnitineera 
of the ballot, for their servicea. 

The following gentlemen were elected to fill the several ofRoca on the 
council for the ensuing year:— John R. MTIeati, President : J ■ Fowler, 
C. H. Gregory, T. Hawknley, and J. S. itiwsell, Vica-PresidenU ; Sir 
William AniiKtriuii^, W. H. Barlow, N. Dt-ardraore. .1. Oubitt, T. E. 
Harrisyn. G. W. liamans, J. Murray, G. It, Stephcuwin. C. Vignoles, 
and J. Whitwortb, member* ; and John Aird, junior, and A. (^ilvie^ 
associates. 



OX THE APPUCATJON OF IRON TO THK PUKPOSES OF NAVAL CONSTRCCTION. 
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3. Oh tbe Rxsiotancs o? Platis, as applivd ni DimREirr 
FoRsca TO THK FoRCB OF CojiPRBasioN. — Wo httvo already no- 
ticed, when treating of the tenaUe Btraio to which a ship is sab- 
jected, that another oqaally important force is in operation in 
the movemeDts of the vessel — that of cninhiug or oomprcsaion. 
This is more apparent in iron Ihau in wooden structorea, oa thin 
plat«3 are tiablti to distortion when forcibly compressed in the 
ilir'^otion of their lengtha; and in shlpbtiildiug, aa 111 tubular 
girder bridges, this tendency to "pucker" requires to be cai-o- 
fnUy gaartled againtit When ooudncting the experiments for 
the CoDway and Britannia bridges, this wealcness was strikingly 
aifpar^Dt, and was carefally considered; and as the strains in 
tut of a ship And a monstor tubular girder are analogous, it is 
necessary in both structures Uint the resistance should be clearly 
-.ind^rstood, the two forces nicely balanced, and tbo tAndencj to 
burkle prevented. 

To eu&ble tbe practical shipbuilder to Acquire this knowledge, 
ad beoome acqimtoted with tbe laws whicit govern iron strnc' 
tores of ditfereut forms, it will be necoMary to investigate this 
qtteition atiaotively, and endeavour to estabUah louud priui'ipleii 
of oooatroctiou in the minds of thoae who are intrusted with 
designs of such greAt public ioiportauoe. 

To construct a perfectly securo iron ship, every one of the 
Irwuverfte joints should be planed, in order that the ends of the 
plat«s may butt, an<l form a solid joint. This oonueotion is 
the motQ important, oa tbe nctinn of a vessel pitching at sea is a 
continued series of alt«ruate atraius of tension and oompreaeion 

* ConttsBsd tvu VOL urli. Pige »T. 



This moUoQ is the roost violent to which a vessel afloat is 
subject, and it la the moiit JDJurions to the atruciure. A 
vessel of war covered with armour plate, or a mercantile ship 
with a heavy cargo, plunges heavily at sea, and the vares 
meet her with violent shocks, so much so as to slack«) h«r speed, 
and cause her to tremble or vibrate on the ort-st of the waves. 
This motion in aoniRwhat analogoua to that of rolling, but much 
more severe, as that part of the vessel which is left unsupported 
acts as a weighted lever on a transrerse axis through thesliip's 
centre of gravity, and thus produces severe strains at midships. 
By extending the weights or cargo iu the direction of the bows 
and stern, these strains are increased, and this, as a general rule, 
should be avoided by concentrating the cargo aa much as pos- 
sible at the centra of the ahtp. 

Lot ns suppose a vessel iu the middle of the Atlantic or P&ci6c 
Ocean having to encotinter a rolling sea iu a storm, where the 
elevAlioD from the trough to the crest of the wave is 24 feet, and 
the distance from point to point 380 to 400 feet; and supposkog 
that these waves move at a velocity of 10 knots an hour, and we 
have a vessel (as representod in Fig. 1) with two wavea, one at 
the bow and and another at the itteru, and her midships partially 
unsupported, as if two liquid rollers fif I may he allowed tbe 
expression) were posairig under her bottom. In this position the 
dtrni us would have a tendency to cnt>«h the matorial composing 
the upper deck at A, and to tear asunder the hull or bottom B. 
Ileuce the necessity for iucreaaed realstauce in those parts. Ito- 
veraing this position, and supposing that the liquid rollers or 
waves have paused from the bows and steru to the centre of tha 
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bip, and ve hnve lier balaooed iu ttin ahip« of a ic&le-beftnir as 
it rig. 2, with both entls i>Dly p.irlialljr supported. Iu this posi- 
*tiou the strains ni-e i-cvcr<ieil, aud we h&ve the crushing force 
■luug the bottom as at B, aod the teosioD or teariog force pulling 
at A ou the upper deck. AsautuioK, agaia, that the vrave has 
passed from tbo centre of the vessel half-wny to the Bteni, and 
we have the haiiik furcfA conlinaed — OAiuely, ttie maximum of 
temrion on thf^ upper deok at the point A, Ini media ti^ly over the 
apex of the surge, and compression at B below (Pig. 3}. 
In these forms wo have nearly all Uie disturbance* and variety 



These resalis are pi-obsbly not without interest aa regards the 
conslruetton of iron Teasels, as they app<!>ar to be oonclutivt> that 
time is an eleraeot in the eu<lur»nce nf structures when subjected 
to severe strains alfecting their ultimate powers of resislADoe. It is 
difficult to determine or pronounce what is the correct measure of 
safety, whether one-fifth or ooe-fourth the breaking weight, but 
we have nunicient data to be wmurod that every dihliirbancc, 
howtiver nilnuto, in the molecular construction of bodies finally 
tends to their destruction, and it is only a question of time when 
rupture ensues. We may, however, bo assured that a ship, as 
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of Strains. indepcndftDt of rolling and wrenching, to which ve»- 
eels are subjected when afloat. Under other circnmstancos, snch 
as a vmsel nti-and'^d on a lee sbore, beaten on rocks or snudbanks, 
similar forces of mncb greater intensity come into ot>eration, and 
the only safeguard in these conditions is iocrdasea strength at 
midships, and n sufficient number of water-tight bnlk-ncads, 
dividing the uUip into five or six different compartments. 

From the above it will be seen that iilternnte strains of vary- 
ing intensity are coutiuunlly in action during tho time the vessel 
is plunging at rtea with the whole of her cargo on board. 

On the question of the strength of iron ships, we could not 
have a more striking illuutmtiun of the disastrous effect of 
defective eoustruction, than that which took place in the case of 
the Montreal Ocean ^lail steamer Jura, only a few weeks ago, 
which, by some mistake of the pilot, ran upoD the Crosby-spit, a 



welt as a beam, is practically safe for a long series of years, wheti 
the strains do not exceed 5 tons per square inch upon the 
wrought-iron plates of which it is cnmpowd. 

I>r. Kankine has investigated this queetion, and ia & paper 
read before the mechanical section of the British Association fur 
the advancement of Science at Bath, entitled, * On some of the 
Strains of Ships,' he statei, that in previous ecientiHc iuveatiga- 
tjons respecting the strains which ships have to bear, it has been 
usual to flupimse the ithip balanced on a point uf rock, or sup- 
ports) at the ends on two rocks. The strains which would thus 
bo prt'duced are far more severe than any which have to In* bvrne 
by a ship afloat. The author computes the moat aevere straining 
sclibu whii'h can act on a ship ivfloat — viz., that which lakes 
plat^e when she in supported niid^ihipx ou ii wave crest and dry at 
the ends; aud he finds that the bending action caouot exceed that 




narrow sandbank at the entrance of the Mersey. She was run- 
ning full speed at the time. The forepart of her ke«l became 
fixed un the bank, the stem hanging in deep writer, aud the re- 
sult was Hbe parted amidahips (as shown in Fig. 4), entirely 
for wHut of a jndicious sppliuition of iron stringers on each side 
of the upper deck, calculateii to balance the area of the hull 
at ainidsuipa, and to resist the force of tension which toi-e her 
aattnder on the upper drck. 

On this very important inquiry of alternate strains, we are 
fortunate in having bef'>re na a Mrtes of experiments ou the 
endurance of iron -join ted beams subjected to these changes. Not 
exactly similar to that of a steam-engine beam, but a less severe 
last, arising from alternately reIiu|>odiug aud removing the load. 
Tbia, it will be observed, was simply a constant change of tensile 
force in nuo direction, and compressive ou tho other, whereas 
thai of :i ship is Bobject to both tension and compression on the 
bottt^m and upper deck as she rises and faUa upon the waves. 

On referring to the experiments to which we have alluded, we 
arrive at this curious and interesting fact, that the joints of an 
iron rivette^l hetim sustained upwards of 1,000,000 chsnges of 
ooe-fuarth tho weight thnt would break it, without any apparent 
injury to its ultiiti»tu fmwers nf ruaiKtaneu. It, however, broku 
with 313,000 additiounl ohauges, when loaded to oue-thinl the 
breaking weight, evidently showing that the construction is not 
safti when tosted with alleruatt! chungas of a load equivalent to 
one-third the weight that would break it. 



due to the weisht of a ship with a leverage of one-tweDtielh of 
her length, auu the racking action cannot exceeit about sixteen 
une-huudredths uf her weight. Applying these nUes to two re- 
markably good examples of ships of 2fi80 tons riinplaoement, one 
of iron and the other of woo*l, described by Mr. John Vei-uon, 
in a paper read to the Institution of Me€nauii<id Engineers )u 
I.S6.1, 1)0 finds the fulluwing values of thti greatest strnts of diffe- 
rent kinds exerted ou the matcnal of the ship: — In the imn ship 
— tensiou, 3DS tons p«r square inch ; thi-ust, i-[i5; nicking stress^ 
(f976. It follows that in the iron ship the lactor agaiust bending 
is between 6 aud (>, agreeing exactly with the best practice of 
engineers, and thnt there is a gr«at surplus of strength aj^aiust 
racking. In the wooden ship — tension, O'^T-*) tons |>t*r Mjuare 
inch; thrust, 0-2ii'S. Qeie the factor tif safety is between 10 and 
IA, which is also agreeable to good practice in «irpontry. As for 
the racking-uctiun, the iron diagonal brm-es required by Lloyd's 
rules would be aufticiont to b«ir one-third of it only, leaving 
the rest to bo borne by the friction and adhesion of the plauk- 
iug. 

xVoiu these inquiries it would appear that the stniins are con- 
sidcmble on an iron ship — that fur tcuuion being 3'98, or 4 tons 
per square inch; thrust, or compression, if'Sd tons; and racking 
stress, O'U70 tons;— evidently showing that a ship lulHiuting at 
sea is subject to severe teals of re|reatcd strains, independent of 
shocks which may occur from displacement of cargo or wavt-s of 
greater magnitude, which generally succeed each other at certaiu 
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totervaln in aevere gftles. Bot be tliis u it maj^ it is neoeaaary 
to h&Tc iron ship* socarsly nnd strongly bmlt, 

Fk^xuRK xvD Csusuiso.—It hkt been aacerta'iDed that the 
affect of oompressioa on tmy «uh>taiice is to shortea ita boigbt, 
and to eolHq^ ils aariiace by increnaiog its balk borizontnJly. 
3appoaiD^, however, tb&t the aubetanoe in con^DuiJ ami prevented 
from spreailiujc JD that direcLioD, and it wilt tbou bo found ttiat 
the weighi of one ton compresses wroagbt-irou about one ten- 
thounndth tuirt of an iiich; and in cast-iron, which is much 
harder, wv iiie«t with this anoiimluus condiUou — uam«ty, that a 
limilar flpf*cinieu Is ahorteued or cotupres»ei) two ten-thuusandlb 
parta of nti inch, being double that of wrought-iron, with the 
iaroo weight. This aris««, probably, from the poroaitj of its 
erjratalUne Htntcture aa compared with w^ollfril^irol^ which 
ooilergoes a prueoas of oooaolidatioa by hamnmriDg and rolliug. 

AnoUter curioua circumttiuioe coimected with wrDught-irou, 
when Babmitted to compreoaion is, that it will bear any amount 
of pressure, provided that it be sofficiently dactitc. It, however, 



absolutely necessary, to keep within the limits of its elasticity. 
We have already seen that both the top and the bottom of a 
ship have to resist a force of compreulon analogous to that sus- 
tained by columns, and that he'iug tho case, it is desirable that 
we should become aoqniunted with tho rcsiatancoa of wrought- 
iron of dilTereDt forms in that direction. It \s also noceasary tu 
ascerbiiii tliu laws by which thcso reHiatauoesare regulated in the 
i-eUtive positions of the upper deck and the lower hull of a ship. 
Effectively to resist these forces, it ia obvious that the covering 
plntes below, and the stringer plates above, rei|uiro to be BtifTeufd, 
or in other wordM, to couvert tliem into a tteries of horiz-ontat 
pillars, calcalated to offer an equally powerful rpsislance to com- 
pression as they do to tension. It was for that object that the 
late Prof Hodgkinson undertook — in conjanctiou with tho writer, 
when engaged in tho constructian of tho Britaiioia and Conway 
bridges — a laborious series or experiments on the compresaioD of 
wrought iron plates and tubcB, which form the top of these im- 
monse structures. Thoae exporimenta apply with eqtial force to 
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suffers distortion by a com par.i lively light weight, and its reslst- 
iug powers are seriously iujared willi 12 tons per square inch. 
Beyuud this, it mar becomprtsttsed U> any extent, provided it be 
safficieutly plaatii.', by enlarging ita baaeoud iiLorteniug ita height 
till it Wcomes a perfectly flat plate. With l:i tons its elaaticit}' 
is much impaired, and it takes a considerable permanent set, 
which increases aa the square of the loa^l; and in most cases, 
where these effects are itii|>urtAnt, it is very desirable, if not 

RaitiaacM of Rectangular Tubed, nil 7>n Feet long, to 



the conatroction of iron ships as they ilo i»i tubular bridges, and 
we may find it serviceable to offer a few remarks npon them. 

In the earlier exiwrimeuta it was fouu<l that round, scnarc, and 
rectangular tubes of a given length, presented nearly double the 
resisting powers when the same weight of material wak applied 
in the form of a tube or cell, tb:Mi it did in the form of a solid 

Idate. Thsse facta were snbaequently con6rnte<l by Pruf. Hodg- 
itQfton's expertments, of which the fullowiog is nu abstract:— 

a Force of Compreuion in the direction of their tength. 
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A pinte employeil as a. pUlar resiHta flexure iu n much biclier 
ratio thnn in the Rinipl^ proportion of its thickne&s, such atillneas 
or Blrtugth botng anrJogooB to the transverse atiffness of a beam; 
hence, as in the boam, it niil also be highly advantageous to dis- 
tribute any given material in a pillar, iu such a niaonor as to 
insure the greatest possible depth in the direction id which it is 
liable to bend. Mr. HoJgkinaon 8tnt«s, that if the pillars arc 
short as oomparal with their diameter, .such precaubions ai-c un- 
uecessary, the cubic iocb of wronght-iron cannot be pat in better 
form; but if it were rolled into a very long and very thin plate, 
1 inch broad, and placed oo edge, the smalTeBt force would bcml 
it If we shorten this thin plate by incrcoaing its thickness, but 
maintaining thA namn height of 1 inch, we shall increase its 
resistance to flexure in proportion directly to the cube of the 
thickness, and in proportion inversely to the lengt!i, since the 
length wilt diminish iu the same proportion as the Ihickneas in- 
creases, therefore the strength will increase directly ns the sqti&re 
of the iocreasing thickness, or inversely as the square of tite de- 
creasing length, until the- plate arrives at such a thickness that 
it will fail partly by crushing. This law will now begin to vary 
as wo go on increasing the thickneiss at the expense of the length; 
and ultimately, as we approach the cube itself asain, the strength, 
instead of \*arying as the square of the incrcaamg thickness, will 
cease to vary at all with the thickness; its strength will there- 
fore have varied during these cbangea, as evBTV power of the 
thickness between and the square of the thlcKiiess, while the 
resistance itself would be representod progressively by every 
(quantity between 16 tons and 0, the quantity of raaterinl or sec- 
tion and height haviog remained constant, so that n square 
inches of sectional area on the top of a tube may resist any roui- 
pression Wtween and n X 10 tons, according to the form in 
which it inapplietl. We should thus use the thickest plates we cau 
get for the top of a ship or a tube, until their thickness was such 
that any variation iu tlie thickness causes no curiespooding vari- 
ation iu their resistance to compression; beyond this we get no 
further advant-^ge. If, however, we are compelled to use thin 

Elates, we should arrant them so as to insure depth to resist 
Qokliog. If one cubic Inch, when rolled out into n long strip, 
so OS to fail by flexure, were, for iutitance, formed luto corruga- 
tions, it would in this form support couHidembly more than la 
the form of a straight ptate, for iDsteiid of being a mere line in 
sectioD, with no depth, it would now possess a depth equal to the 
versed sine of the con-ugatioos, or equal to the distance between 

Fto. 8. 



each convexity; and in this corrugated form we should attain the 
maximum resiatauce to pressure — viz., 16 tons, witli our plates 
much thinner than when u»ed straight- The depth would be 
stil! further iocreaaed If we folded our corrugated plate round 
upon itself, so as to complete a scries of tubes, taking care to 
unite carefully the points of contact. There ar<> nunilierlesa 

>0<><>OC 

familiar examples of stifTness obtained by such niethorl of con- 
strucUon An ordinary |>ai)er fan, and matiy househttld articles 
in tin, though constructed of thin and pliable material, are ex- 
tremely strongand rigid from the depth nc'piirc<l by tlio bending 
of the material. The domestic tea-Uiard and dust-sliovel are 
striking examples. It thus becomes a question, with a given 
section of material of a given thickness, how to coustruct the 
nirongest form of pillar, or a aeries of pillars, to resist crushing, 
and how near we can with this form approsch to the limit of 16 
tons per square inch- 
Since a flat plate, for the reasons explaiued, will bcud sooner 
than a curved plate, it would be concluded, naturally, that n 
round tube, of moderate dimensions and of given tbicknees and 
section, would be a stronger form than the same plate in a rect* 
angular form, in which the resistance to crippling must dc|>end 
Bo^ly on the four angles; and sineo the rigiaity atforded by the 
angles is extended throughout the four sides of a rectangular 
tube, in some manner proportionate to the distance from tlie 
angles, it would \x! concluded that a square tube PI would be 
stronger than a rectangular tube I | conatnicteil with the 

same plate, inaomuch as the central portions of the longer sides 



of the rectangle will be less maintained in form on account 
their greater distance from the angles; similarly increased 
strength might be expected from this form [ ^IH • These 
assumptions were all submitted to experiment, and contirmed. 
For this purpose a number of tubes or cells of wronght-iron 
were constructed, all 10 feet long; and olther^ or 8 inches square, 
or of rectaogulor farm, abont 4 by 6 inches; their ends were 
perfectly flat, and they were compressed, by the intervention of 
a lever, between twe parallel discs of steel, with arrangements 
for maintaining the preasure perfectly vertical, the cel^ being 
supported laterally. The direct objoot was to ascertain the vnlae 
of each particular form of cell, and to ascertain the resistance 
per square inch of section in each case. The lateral dimensions 
of these cells ore so large, that with a length of 10 feet the pil- 
lars wer« not destroyed by a flexure, as in a long pillar, but by 
absolute buckling or crushing. The strongest po«sihle form 
should therefore give about 16 tons per sipiare inch of section. 

Similar experiments were then made with circular cells, under 
precisely simil.'ir circamstances, for comparison. The cylinder* 
varying from 1^ inch to 6 inches in diameter; the diameter being 
BO small in some coses, as compared with the length, some of 
these pillars failed by flexnre, and followed the laws of lonj; 
pillars, the resistance increasing nmrly inversely as the square 
of the length; but where the diameter wns (! inches, the 
length being 10 feet, flexure could not take pliwe, and the cells 
failed by buckling or crushing, as in all the rectatii^ular pillats, 
and in such pillars the strength is independent, of tbe length. 
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To show how the failure in the rectangular and cvlindric— 
tubes took place, the annexed drawings, as represeuteil by Flgs- 
7, 8, D, and 10, may be useful. 

From the foregoing researches it will be observed, that in order 
to attain the maximum powers of resistance to compression in 
the use of iron plates in cnnstrnctinn, that the square bos with 
thin plates, next to the plate itself, is the weakest experimented 
upon; the next in tlic order of strength is the rectangular form 

with a division across the centre, as at a, \a\ \ but the best 

distribution of the material is in the cyltndiical form. This 
li%it*r caoDot, however, be accomplished conveniently in ship- 
building, but the rectangular or cellular eonstmction is applica- 
ble iu all cases where resistance to oompreesion, as well as 
tension, is required in tlie hvdl and upper decks of vessela 
Lastlt— On tbe DisTninoTios, bTREXoni, and Valus of 

WUOUGIIT-IUUN PUITW AND FHAMBS, AB APPUKU TO ShIPS AKD 

uTiiEK Vbssku). — In this department of inquiry, we have Dot 
only to consider the nature of the strains to which the sides and 
other parts of a vessel are subjected, but we have to determine 
the distribution of the materinl in the diflerent parts of the 
vessel, so as to establish as nearly as possible perfect uniformity 
of strength. What we mean by uniformity is, that the resist 
ances in any one part of the vessel should be pro|>nrtioned to 
the strains on any other part, and that nn waste of material 
should take place beyond what is necessary to maintain the 
balance of the opposing forces of strutu and reslstaDce. In onr 
endeavouj to determine the superior value of iron as a xoaV 
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of which r6H0«Ia should be conntructed, we have not entera<l into 
th« queaUon of distribution. This is, however, one of the most 
important elementa of construction, and in order to npproxiniato 
as closely as possible to uniformity of strength, we have to apply 
the loAterial in Hnch forma ami ponitiona aa will I'tfectuiUly rettiat 
all tbe vmrioiia Htraini to which the TCaftel in subjects]. 

It will be observed, thfit in the preceding investtgRtioo we 
have iavariably riewed the question of Teswui as they are now 
boUt, being subject to much sevarer straiua than formerly, wtiun 
built of wiio^l. The present claaa of steamera are nearly double 
tbe length that they were formerly, aa sailing-vesscla; and the 
deptbt are much less Lo proportion, so u to render thuir powcnt 
of resistance to the action of the sea less than oue-half that 
which would have be«n the cane haiJ the form of couatruction been 

[upon the old principle. This being the case, a aeries of strains of 
double intensity are brought into existence, and these have to be 
provided agniuat, if wc are to have safe vcsmIs on the now 
priocipla of construction. All these changes are elumeuts of 
'Vreakneas, uuless met by an equable diatribulion of the material, 
Bod it is on this principle that we havo tre»ted the new build of 
Teasels as hollow girders. Let us, for example, take a &rst-rato 
ship of war, aH built seventy years ago, such ibr instance as 
the Victory, and we have>- 
FMt. In. 
For the IsngUi birtweon tbe perpoDdioulsn ... ... 2S0 
Bresdtb of beam ^0 1 
Depth 53 10 
This, according to formula W =z - , would — if built of iron, 
ftnd dnly proportioned with sectional areas of 600 sqiinre inches, 
Aod if suspended on two points, stem and stern — sust-tin a load of 
tbe middle of S78<'> tons, or 19,<570 tons, if equally di«tribnted. 

Taking the same sectional area, and applviug it to a vessel 
•imilnr to the Warrior, and we have, with tEie same areas and 
the AiMwa constant 60, the decks being duly proportioned to the 
boCLom, 

F«et. Id. 

For the lei^ SSii 

Bivadth Sa 4 

Depth .- — 42 

SOO "iC 43 "iC 50 

Hence W = - ^r-r = 5303 tons as the breaking weight 

in the middle, or 10610 tons eqitally distributed, which is little 

more than hnlf tbe strength of the former. Krow these fncts it 

\ vill be seen that wo require an increased sectional area of Gl'> 

vquare inches in addition to bnlauce the resl^itiD^ forces of the 

two ships, which evidently sliows that, increasing the length 

and diminishing the depth, the present build of vessels, when 

ooustrurted of the same material, retinireit an iuoresse of strength 

in the ratio of lAlU : 800 :: I : *542. But this is not aU, as we find 

^Crom experiments on the effect produced on wrought-iron when 

[jnl^ted to altemnte changes of load, that to build a durable 

rreessl we should have to calculate the sections of tbe hull and 

■ Upper deck, and to render it endurable under the varied strains 

rto which it is subjected these should not, on the sectional area, 

I exoeed 5 tons per square inch. 

A vessel thus constructed would, in our opinion, bo perfectly 
safe under every condition when exposed to the actiuu of tlie 
tea, but, if atiauded upon a rock or shelring beach, with coal and 
peargo on board, she would be ueverely tried by the force of Im- 
pact when coutinuoualy rising and falling, and subjected to the 
influence of a tempestuous sea. But even in this precarious 
position it is very questionable whether or not she would go t^i 
I pieces. On the contrary, we are of opinion, if constructed willi 
LVater-tight bulkheads, strong longitudinal keelsons, and doable 
Ibottoms, that in nine cases out often she would hold together, 
I And save the lives of all on board. 

In the distribution of the material there is another considera- 
tion of great importance, and that is, that in all bodies in the 
form of beams, whether hollow or solid (they follow the same 
law as regards a trausTerse atnun), the strains are always 
I greatest in the middle, and progressively diminish to the points 
[of rapport at either end. These bctii are self-evident, and show 
rln tbe caas of an iron ship that the same thickness of plates is 
not required when working from the centre at midsMpa to the 
j stem and atem. In fact, they should taper and be reduced in 
PSbiefciMBS in the ratio of their distances from the centre till they 
iMfteh U^e extremes at each end. Theoretisally this is true, but 



in practice we have to consider how much the thickness can he 
r«luce<l without danger to the structure, and in these we may 
here observe that tne reiluction should not excee^l one-thitxl 
between the centre and the two extremes. Or, in other wonla, 
if we assume the strakes or shea thing- plates of the bottom and 
round the bilce to the height of the interior floor, or one-lifUi of 
the depth, to oe |ths of ait inch thick, it then follows that their 
thickness may be safely and progressively reduced to ^tha thick 
towanls the bow and stem. Tbe srirae reduotion to ^ths thick 
may be ina<le from Umt jHiiuL, oin^tifUi of the depth, to the neu- 
tral axis of transverse strains, or about half-way up the ship's 
side, when they should again increase to |ths thick on the top 
strakes at the deck on cich side, where they have to perform the 
office of stringers under the action of the two forces of tension 
and compression. 

From these remarks it is obvions that a careful distribution of 
the material is a desideratum of considerable importance in ship> 
building; and although it may be necessary in some oonstmctiona 
to make deviations, it is ueverlheless essuntial that the law uf 
strains should be carefully observed, and weak parts effeoltvely 
guarded against. 

Tt will not be necessary in this oommnnicatinn to give draw- 
ings in illustration of these statements, as from other data the 
qnestion may ba rendered sufhcieutly explicit to enable the iron- 
ship builder to proportion the parts in the ratio of the stroinsi, 
ana to afford to the ship, as a whole, ample powers of reaistanee 
to the forces by which she may be assailed; care, however, 
being taken to provide for weiir and tear, oxiilatlon, and all 
those other influences wliich tend to weaken the sliip. 

I would have entered more on this question, but I have 
ali'eady excee<led the limits of an ordinary paper, and must re- 
serve for some future occasion the further development of a 
subject of such deep interest in connection with naval construc- 
tion. I may, however, state in oonclnaioo, that the iron navy of 
this country is destined to take tbe place of the " Heai*ts of Oak," 
ami become — as many now living may hope to see it — the 
dread of our enemies, the bulwark of commerce, and the har- 
binger of peace. 



UPON THE srrrLY of water to towns.* 

By Baldwih Latham, C.E. 

i?airi/(i/(.— All supplies of water being derived from the rain- 
fall, this is y subject that should receive careful attention, as the 
sufficiency -iml constancy uf all works for the supply of water are 
dependent upon it. There may be, however, circumstaooes con- 
nected with each mode of procuring a supply that in sotnu 
measure modify or alter the quantity, or affect tbe quality, of the 
rainfall of every district; yet there is no source, however remote 
it may appear from the rainfall, tlutt is not directly or indirectly 
affected oy the amount of that rainfoll. 

Rain is the result of the condensation of aqueous vapour, 
whioli is, at all temperatures, more or less suspended in the 
atmosphere. The quantity of aqueous vapour capable of being 
suspended in the atmosphere increases in a greater ritlo than 
the temperature, and the phenomenon of rain occurs when the 
air, saturated with moisture, loses its temperature, at^ precipi- 
tates the excess it is no longer capable of containing, in an 
aeriform state, either in the form of dew, rain, hail, or snow. 
It is found that the first cause of rain is identical with those 
causes that produce the wiuds and currents in the atmosphere, 
vij., the changes of temperature, to some extent the electrical 
state of the atmosphere, an<I tbe magnetic state of the earth : 
consequently it very naturally follows that the winds have a 
vei7 cloBa connection with the rainfall. Thns, winds blowing 
fVom a warm climate over a great expanse of sea would be com* 
ptotely aainraied with vapour, which, upon coming into a cooler 
climate, would be precipitated ; on the other hand, a wind 
blowing from the frozen regions of the arctic ocean, and deriving 
its moisture from the ice and snow of those severe regions, 
Vitbuld, when it arrived in a warmer climate, by lowerinK the 
temperature of the atmosphere of that climate, diminish its 
power to retain aqueous vapours; and if at the time it was over- 
cbarced with moisture, a fiUI of rain must ensue. The physical 
conditions of every locality have some effect apon the rain^IL 
Thus, from observation, it has been aacertoined thai the rainfall 

* Papcf tG*d bstbre Ibo fioelety ef Ecciaeen. 
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is greater id roouDttuDons districU than id level cvtuDtnes, whieh 
ifl probaMy owiug to the ciirreuia of air saturated with vai»ur 
stnbii);; Ag-'tiDsl the mountuiu aides, aud losing t«mperatare by 
cuutict or by rcasoii of beiug comfidled to aaoead iuto higher 
and colder regions ; there ia, however, a limit to the effects pro- 
duced by elevation, for there are regioua too high to experience 
any heavy raioGill, aa the rains of HwilzerlBiid» and among the 
Alpine regioiiA, which show they are not greater than in the 
north of t^ii conntry. The amount of rainfall is alflo oouaider- 
ably inflaenced by the ptwiiiou of the locality with respect to 
the cnrreub! in the atmosphere — fur eiample, it ia found that the 
prevailing winda in Ihia oaantry are westerly, aud come to us 
from A warmer climate ; after sweeping over the face of the 
great Atlantic ocean they are naturally saturated with moiatorc, 
and, striking the ridges and high hinds on our wevterly oo&st, 
diacharge the greater portion of their burden there. Thus we 
find it is nothing nncommnu iu the counties of Cumberland, 
Westiui^reland, and Laooaabirc, to have an annual depth of rain- 
Hall equal to ft^ while in Cambridgeshire, on the eastern aide of 
the cttuutry, the nunual niufall seldom exceeds 22 in. The rain- 
fall alito varies with the seasona of the year, the ruinfalU of this 
country being greater in winter than in aummer, because the 
temperature of the atmriaphere is decreasing in winter, and with 
it ita capacity for retaining vapour, while in aammer the oppo- 
atte i« the result. But it will also be found, aa a rule, that 
heavier rains ^11 iu summer than in winter, although there may 
be fewer showers ; beoatise iu summer the atmosphere has 
greater powers for retaiaing moisture, ao that wheu the causea 
that induce a fall of rain are brought into action, there ia a 
Inrger amount of moisture to be precipitated. In Germany the 
rainftilt of winter and summer are about equal ; at St. Petera- 
bnrg the rainfall uf winter is but little more than one-third (he 
r»iuf;»!i of summer ; while iu Siberia the rainfall of winter is but 
0De-fi>urr1i that of summer. 

The rainfall of a district ia ascertained by an Inatrnment 
teiJDCxi a rain gauge; and iu fixing these gauges it should be 
borne in mind that the jHwition and construction of the gauge 
haa much to do with the value and accuracy of the rvMults 
rccunll^l ; thus the fact liui been well ealablished that the amount 
uf iiiiu collected dimiui:>hes as the gauge is i-emoved from the 
ground. Various reasons have been naoribed for this phenome- 
non. The most likely are that the cold rain-dro)>s eondeum* 
mure vapour iu their descent, and carry it down with them ; or 
MS has been supposed bv Mr. Baxeudale. of Manchester, that 
vapiiur that haa lo«c its caloric of elasticity is cuftable of being 
auspende«l in ihe atmosphere in an invisible stale, and is col- 
lected by the falling dropa of rain. UhSu gauges are of various 
forms, but thoete with doat and graduated Todi, which rise with 
tlie rainfall, are objectionable if the ro>i is exiKHied, as they are 
likely to exaggerate the rainfall of any district, because the rod 
collects ruin driviog in on angular direction. 

The amount of rainfall recorded by the gauge cannot all bo 
made available bpr the engineer in his works, as there are causes 
in active uperatmu which render it imiKMitiible to oullect the 
entire i-niufall of any diHrict. Therefore the engineer lias tu 
deal with resultants that arise during the constant ii.nd incessaut 
circulation of waters, and before he can arrive at correct resulte 
lie murtt c^efully consider the subjects that affect the niinfnil. 

Circulationef Water, — ^Tha first sourceof rainfall is the ocean ; 
by ovflporatioD a portion of its waters are raised into the atmo- 
aplicro to bo again precipitated in the form of rain; of this a 
portion is agitin evajMirnted — anoUier portion absorbed, while 
auoiher (xirtmn may Hud its way back to the ocean — its original 
Aource. Thuii it is that " the circulalinu of watvr is iuctNowint — 
now iu the r>cean, now iu the atmosphere, now in the tissue of 
plants or animals, oow iu the crust of the earth, now courmug it« 
surface ; and auun iu the oouau agaiu, to repeat the same circuit, 
and this withuut interruption while the present relations of the 
universe endure. In general this circulation is slow aud gradual— 
ao alow that the spherule of vapour now rising from the ocean may 
lio years, or even agee, in returning Lu its itative source. Disae- 
minaietl in the tissues of plants, or locked up in the cryslallixa- 
tiou of rahierals, its cycle seems interminably ad'ested, and yet 
wc know that decay and degradatiuu will some day orother bring 
about its liberation. On certain occasions, however, and in cer- 
tain localities, its circulation is »o rapid that you absolutely 
|)ercoive thf liaKv vajKiur ascending from the nea, rolling IaihI- 
wanl in mist and cloud; coming in Ctmtiict with cold mountain 
peaks, condensing into rain, and falling iu torrents, to augment 



the rannels aud runlets. From runnel to stream, from strefim i 
to river, the mass swells, and hurries downward and onward toj 
the great receptacle whence the light aud filmy vapour origiaallj 
arose, there to roaumo the same career, and perform aualagDnf I 
functions." The water evaporated from the ocean may, for ali] 
practical purpoars, be said to be perfectly pare; but in the ooarao] 
of its circulation it ia oonatantly contracting impuntiea, and asl 
frequently undergoing processes of purilication. In this mightyi 
oirctdatiou it performs important funotioua in re arranging nofiJ 
only the tissues of plants and of auiinala, but in ab.Holutelyi»*/ 
arranging the strata of this earth. All matter is animated in its 
presence, and it is, as it were, the life-blood of all creation. It ia 
during the progress of this incessant circulation, as has been 
before observed, that the engineer baa to deal with it, and in 
doing M he will liud the available rainfall dependent upon certain 
conditions, such as the nature of the soil, the declivity of thn 
district, and the rate of evaporation. If the nature of the surfacfri 
receiving the rainfall is naturally, or haa been made artificially 
impervious, there will not be any absorption, and evaporation 
will be the chief cause for any diminution of the quantity. 

Etaporation. — It is extremely dJITicult to arrive at correct re- 
sults as to the amount of evaporation taking plaoe at any time 
either from land or water, as there are so many circumstances 
aud conditions that may affect the subject aud lead to errors: 
considerable caution must, therefore, be exercised in dealing with 
the resulta, and it is always better to be on the safe aide, that the 
(.-alculatiouB of the engineer may not lead to a diminished supply 
of water. It is quite clear that the rate of evaporation from Lwd 
is very much less than the rainfall, otherwise we ahould have oo J 
rivers or springs. But the rate of evaporation from water surfiioeal 
considerably exceeds that from land, ami in some eases the ntn 
fall. Dr. Daltou fomid from experiments made byhinLielf, the meftB ' 
daily quantity eva|>orateil from a vessel of water freely ex)>osed to 
wind and ruii, to be in March, 033 inch; in April, OSS inch; in 
May, -075 inch; in June, -003 inch; in .July, -]S2 inch; and in the 
hottest weather of summer he never found the rate of evaporation 
to exceed 'SOO inch per day. Kxperimente made by Mr. Luke 
HowanI, at Plaistow, on the rate of evaporation from water sur- 
fiices, gave '012 of the rainfall as the amount era|iorated. In 
similar experiments made by M. Vallea, at Dijou, the rate of 
evaporation was 'd6€ of the rainfall. A like experiment, made 
at the same lime, but from a smaller vessel, gt^ve a greater 
amount of evaporation, which in this instance exceeded the rain* 
fall uf the period. It ia probable that the mean rate of evapora-j 
tiou in this otuntry from water surfaces may equal 36 inches or 
37 inches. In other countries the rate will increaac considerably 
wiih the mean temperature. 

The rate of evaporation from land surfucee must be, as boa been 
before observed, much less than raiufail; but the precise rate itia 
difficult to arrive at. as the character of the soil, the state of ite 
ciiltivaliou, and ita geueraJ contour, ii^ect the rehuKs vei-y mucb. 
Thus, if the land is uucultivatotl and exposed, it would, by the 
action of tlie snu and wind, be dried very quickly; and whoa 
once the surface ia dried, the rate uf evaporation falls off; but in 
the cases where verdure ooveni the surface, whether it Iw iu the 
niiture of woods, or of gi-assy meadows, the vegetation protect*^ 
the surface of the earth from the direct action of the sun and wind; ' 
yet in a more regular way evaporation is progressing, as the 
roots of trees aud plants are alwtraoting the moisture from the 
Kuil, and retaining but a small portion, they give off the remainder 
iuto the attiiosphero iu the form of vapour. Experiments madaJ 
by Bishop Watson on evaporation, on a bright luid hot sunny I 
tlay when there hud been no rain for a month, gave the evapon 
tiou from gntB.H na 0'3>'; inch in twelve hourH. A similar experi* 
meut luadu afuir a. ihuuderstorm aave 0'87 indi. From an 
experiment made by Mr. I^wes a pTant of wheat was found to 
exhale UH),0(M) grains of water in 17:! d lys, or the period of its 
gcuwLli; which wduld be at the i-aie of £2()0 gallons of water 
evaporated fruiu an acre of ground per diem, representing a nun- 
fall of 300. It is probnble, however, this ia rattier a tugh 
estimate. 

The effect of evaporatloD, either from land or vegetAtion, is also 
A check upon itself, for as the circumsunces ai-ise to oreate 
tierce rate of evaporation, it is in ttomc lueaaure couuterbalanoedl 
by the cooling etl'ectevaponition has upon the sui-fice from whichi 
it takes place. The cirtium stances that favour evaporation areJ 
heat, a dry atmosphetv, a low barometrio pressure, and decreased] 
weight of the atmnaphera upon the evaporating surface; winds or I 
currents of air also greatly promote evaporation, for they not 
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only brinff the ur ioto closer contact with the water, bat remove 
Uie partiole* of moiatare as the/ are coiivertmt into vapour, uiid 
are ooDtinually bringing & fnwh voluiue of nir into action to 
r««eiv« its load of vapour. The rate of evafionitloD from most 
aarfiMM is iu some measure coiupeusatcd for by the depositioa of 
dew, which is very rarely estimated with the rainfalL 

Abtorption, — The aiiiouut of raio capable of hv'uig abwrbed by 
Ui« aarfac« ap<Hi which it falls uepcuds iu a great measure upoo 
the teiu|>erature, die geological conbtructiou, aiid the physical 
outline of the district. In making cnlculations a^ to the aiuount 
absorbed, we must bear in mmd that the nre.-i of the surface ia 
tfa« only constant quantity we have to denl with, as its condition 
and capability for abnorbing water vary considerably wjtlk the 
•eeuMDs of the ye&r. Under such varying conditions the aruoout 
of water absorbed, and cnpiible afterwards of beiuc used, when 
iwuiDg from springs, or by niiilcingwellA, is extremely capricious. 
Hie gi-eater the qa&utity of water evaponited or rtitaioeil by 
T^etatioD, the Ivas will remain to be absorbed. Bain descending 
npoa a dry and parched surface in the heat of summer, or during 
tm oociirreuce of drying winds, will be nearly all «va|)orated, so 
that the rat« and amount of absorption depends materially u|fon 
the abeorbeiit properties of the soil. Thus in the sands of the 
red BBiidatoue formation, the rainfall i» absorbed an fiuit as it 
touohea the surface, .ind the cuune may be said o( the miu falling 
In many places on the chalk formaiion : while u|X)u the day soils, 
or impervioas formation, the great*;>it pert ot* the raiu would 
generally be directly conveyed away by smface atreiuus. The 
eotttour of a country io a measure affects the rate of Absorption, 
as the rainbU on mouuLiina or hilly districta bag a greater 
tendcucy to gravitate nvpidly to the rivers, while uu table lauds 
the rainfoU Ungers, and concicquently such lands are fftvourahle 
to abeorption. 

Experimeota made by Dr, Daltou, extending over three years, 
OU the uew red sandstone formatiou, show that 20 per ceuL of 
tfaa whole rainfall percvtjated in a depth of 3 feet. Kxperi- 
BMnts made at Ferubridge, in Yorkshire, by Mr. Charuock, on 
Um magnesian limesUtue formation, resulted iu j^iving >>ut VJQ per 
cent, of rain percolating to a depth of 3 feet, and u. like experi- 
ment made by Messrs. Dickenson and Evaud, uu the sandy 
gravelly loam which covers the chalk about Waiford, gave as 
much u» 30 fter cent, of the rainfall percolating to n depth of 
3 feet. In thiit eiptriment the avemgc rainfall was found tt> be 
M^ inch per annum, and the average mean bltratiuu 7'iH inch 
per annum. Of thi^ quantity T'34 inch were absorbed between 
October ami March inclusive, which was st tberate 55^ per eeut. 
OU theiainfall of thai period, wliiU beiws«u April aud September 
inclusive, only 5'ti inch of ruinfnll was ab<4orb«d, which was at llie 
rate of -l^ per cenL of the raiufall of that period. From thia 
latter experiment it apperirs that the largest amount of rainfall 
is absorbed during the months of November, December, and 
January, wben^ practically all may be said to have been absorbed; 
and that the least amount at any time abaorbed was in the 
mouth of August, when, practically it was nothing. It has been 
oalcolated by Beard more that of the raiufall absorbed in winter 
097 percent, is carried off directly at the time of the rainfall, 
laaWng 'JH^'S per cent, to supply rivi^rs and wells; and of this 
prubably only 3jJ per cent, of the raiufall absorbed really goes to 
nimisb a supply fur wells, which in a mtasure will account for 
the failing ot manv ordinary wells iu curtain tteaanna of the year. 
^ils prooeas of absorption plays a very iniportaut part iu the 
ewnomy of natui-e, as by it the rainfall is stored for the purposes 
of utilisation by both the vegetable and animal kingdoms. 
Were it not for this onr rivers would only (low in times of 
taiulall, and at such times their impeturisity and floods would 
be BO groat as to prove a great drawback to their sub- 
servience fur the purposes of man, while at other times their 
cbanueU woahl bedry, which would probably be a greater disad- 
vantage, aa all vegetation wuitlil sufPttr materially, tf it could sar- 
rtve the droughts we should expcneuce; aa it is, the water falling 
on the surface penetrates it to several depths, forming for iisolf 
suhterraneooH resurvuira, and it is fruni the^e reservoirs the 
watar ia emitted which keeps oar rivei*s flowing and supplies 
water for veg^'tntion, even in the time of the greatest drouji^t. 

Jiodtt of obtaining SuppUet of Wattr. — Having co;*8idered th« 
two great causes that tend to diminish the amount of the rainfall 
that caa be made available by the cngiutier in his wurka, it is 
now ueoeasary to direct atlentlon to the various ex.|>edlt.-uta 
adopted for sucnring and fnniishing suppHos of water, and which 
may be classed under the following heaas:— 



1. By the interception of the rainfall before it reaches the 
ground, or before it has penetrated it; snob, for example, aa sup- 
plies taken from rain coltectad on the roofo of houses, or on the 
paved and impervious surface of our yards, courts, &c. 

2. By the interception of the rainfall after it has reached 
the ground, but before It has run off by its natural coorae. 

3. From rivers and streams. 

4. From natural springs, 
A. From wells. 

Rainfall collected from Rooft^ ^.— One of the simplest mode* 
of securing a supply of water is by collecting and storing the 
rainfall that falls direct upon the roofs of our houaes, or upon 
the paved anrfiues of yanls, &c. This mode is no doubt very 
ancient, and was probably one of the 6r»t expedienu atUiptud for 
securing a supply wherever man had advanced to that state of 
civiliaatiou as la require a house witii an impervious covering for 
his shelter. The amount of surface available and suitable for 
receiving the rainfall is generally limited, ao that the quantity of 
water capable of being stored is also limited; yet tlitro are many 
pUcca that depend upon this mode for procurinff their principal 
supplies of water. A large portion of the supply of water for 
Jerusalem, l!Vjnstantinople,and other ancient placeawaa procured 
by storing tlie rain water in underground cistenis, some of which 
are in use to the present day. The city of Venice is an example 
of one of mauy places supplimi prioci)Mlly by rain water ; but it 
is found chat iu long, dry seaaoos, the inhabittiuts of snch places 
as are dependent on tlds mo<le of procuring a supply of water are 
often put to great straits for a supply ; und if we assume that 
60 ft*t of roof or other inij»erviou8 surface is available for each 
individual of the pupulatiou with on annual rainfall of 30 inches, 
and that all of it is collected and stored, it would only give two 
and a half gallons per day aa the qoADtity for each individual. 
Profe84or I^ealie made a calculation, with respect to a lofty bouse 
iu Paris, a^utuiuiug twenty-five [>l'i-mous, and he found that each 
perauu might procure a sapply of little over one gallon per day. 
When those quautlties are compared with the twenty to filly gal- 
lons al present used by populations having a constant supply 
of water, it is easy to see the disavantjti^eii of depending entirely 
upon the rainfall collected on roofs autl other surfaces connected 
with our dw^^llings as the solo mode of supply ; at the same time 
it' is advisable in many, if not in every house, to utilise the rain- 
fall that can be securod on the site, as all such water, if oollectfid 
and used, will have a good effect in diniinisliini; the suppliea it 
may be neoessory to furnish by other and artitiuiol means ; more- 
over, such supplies of rain water are. io mauy diatricts, invalu- 
able, whei-e tlie water is naturally hard, and where soft water 
for the toilet and some other purpomts is lui absolute require- 
ment. 

The quality of rain water collected from the roofs of houaes in 
cities or towns is invariably more or less varied iu the ilegree of 
its purity; in<leed it has been determtoed tlial pure water can 
nowhere be met with iu nature, and the purer the water the more 
likely it is to contract impurities. The impurities contained in 
rain water are cootracted partly by absorbing gnaes from the 
atmosphere in its desceut, and piu*tly from the impurities it uit--etti 
with upon the surface that receives it, such as duHt, iiisi-uta, and 
Boot, which aocumulate during dry weather; nnd these impuri- 
ties, although affecting the quality of the water for some purposen 
very slightly, yet, when tfaey are idlowed to aocnniutate in the 
cistern or storing reservoirs, undergo constant decoiuposition, and 
injure the quality of the water for many ptirposes. But inas- 
much as many of these impurittea, when tint contmcteil, are of a 
mechanical character, they can be easily removed by a process of 
filti-ation, nnd as such system of purifying the rain water before 
it enters the cistern or tank is easily effected, it is very desirable 
that it should iu all cases be done. In Venice this sy>jlem haa 
been ad<^pte>! with great advantage and success, and Fig. 1 i» a 
representation uf thu mode by which the water tlierv is frcod fitim 
iia mechanical iiupurittea, conaisung of two wells ooncentrically 
placed. 'J'he inner well forms the pure watei store, the outer 
receivea tl>e miufall. Iu puxaiug from the outvr tu the inner well 
the water has to titter through a stratum of sand. The best way 
to preserve tbe purity of ruiu water collected tVoui the roo£s of our 
dwellings is by prevcnliug its oxpo!>ure to light and beat; this 
can best be done iu luidorgruund tuuku, which should be well 
veutilated. It often hap)>«tts that, fnr the luike of convenience, 
tanks or cisterua are oonstrucu-il and pliiwd in the upfwr portion 
of our dwelling, su a* to furnish a supply without haviug to xum 
mechanioU mean* to raise j,t : but the purity and frashneas of tho 
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water can never be compared with that stored in underground 
reoeptadei. The alze of a tank for utoriDp; the raiDfall shonld be 
•offifiieut to give a supply daring the loogcut periods nf drou<;ht, 
Had consequenUy iriU depend npon tho nnioaut of tho niinfall, 
the area of the roof or other surface, and the quantity of water 
reqoireiL Provision should 1>e made lo store not leaa at least 
than ninety day^ supply, otherwise the auppty may fail daring 
long periods of drought, and when it is moat needed. Mr. Bate- 
mon, C.K., has observed that droughts "vary in extreme length 
from, prohahly 120 days on the weot coast of the backbone of 
England, to 240 on the enac side." 

JFater Suppiiet taken from Colteeling ^rwM.— Tbd rain iatl- 
ing npon the aurfnoe of land, beaidefi being partly evaporated 
aud iNUtly absorbed, has further a natural tendency to gravitate 
la the direction of the rivers aud streams, which ^rm the 
natural dnots or channels for canying the rainfall back to the 
ocean, its original source. It is this portion^ when ou ita way to 
the natural streams and water-courses, that is made nse of in 
works of this cliaracter, and vhich are so constructed as to m- 
teroept the rainfall, either before it reaches Its natnrol coarse, 
ort in some cases, after it has arrived in [ts natoral channels, 
and to convey it to large imponnding reservoirs, where it is 
stored in sufficient quantities for use an reqnlred. 

Snpplies taken from drainage, or collecting areas, or gathering 
gronnus (as they are aoroetimes cillcd), are by no ineanH itncom- 
moa in this country, in conjonction with works for the supply 
of water to towns, and aJoo for utilizing ilio rainfall for mechani- 
cal purposes. Works of this deserlptioa are not of modem 
origiu, but have been in use in past ages in many countries, 
A portion of the water supply of ancient Jemsalera, as mon- 
Uooed by Dr. Whltty aii<) others, was furnished in this manner, 
u a Ifti^ drainage area contributed to supply the Pools of 
Solomon with water— in fact, these pools are reservuira formed 
like those of many modem works, partly by throwing an em- 
bankment across a valley, and partly by excavation. The con- 
tents of the three pools, aa given by i>r. Kobtnaon's mcaanrement, 
are oa foUoTrs :— First pool has a capacity of 1,634,475 cubic 
feet; second, 2,^36,414 oabio feetj third, 3,873,937 cubic feel ; 
raaking a total capacity of upwards of ■'^0 millionii of gnlloua. 
These pools are arranged in tho incline of a valley, the smallest 
being the higbeit, and the largest the lowest pool. As the 
second pool is only IGO ft. from the first, and the lowest but 348 ft. 
from the second, it id quite clear tbalamut^ larger reservoir 
might have been made by carrying up the embankment of the 
lowoat reservoir to a greater height; but the probability is, that 
it waa done as a measnro of safety, for the additional depth of 
water would have addexl immensely to the risk of damage *, and, 
indeed, the extreme care and caution which seems to have 
marked all the early hvdrauHc works is by no means a bad 
example to follow. I'he ginntic reservoirs of Kgypt, for 
atoring the watorB of the Nile for utilisation, are ancient ex- 
amples of workn of this nature, and are of t>n ntupendoua a 
cbamcter, and of »o ruinote a date, na to perE>1ex and ccmfound 
historians, many of whom have classed them with natural for- 
mation. But, as Kwbnnk observes, all ancient writers unite in 
atserting that L&k'H Nigrid aud Mareotis are the work of men's 
huds. China nho contains many traoes of the early develop- 
ment and high state of mechauioU and hydrniilic science, and 
vast rescrvoiru, for containing water for the supply of canals, for 
Agricultural and oommercial purposes^ are not at all nncommoD 
were. 

The care and skill of the Komans U shown, amongst other 
works, in those of this character fur the supply of water to the 
cities and towns under their dominion ; indeed, it is a remark- 
able fact that, in nearly every conntry and land pubjtigated by 
their arms, the remuants of thoir handiwork and skill arc still 
to be seen. In many insUuce* the bcnclita they conferred upon 
the past generations are still felt by the present generations 
occupying those countriea. Works executed by them of the 
nature of collecting sufiplies from drainage areas are to be found 
in SpMn, Egypt, and other places. 

Like every other source of supply, there are many circnm- 
stances to be considered in oonstructiug works for procuring 
water from drainage a^ea.'^ the principal of which are — the rain- 
fiill, character of Uic soil, natural configaratiou of the district, 
and the state of it4 cultivation. Having determined u])on the 
amount of rainfidl, which in all calculations for new work 
should be tbo minimum, we muat next consider the various cir- 
cuuutanocs that tend to diminish it. We have already t4vated 



of these nnder the heada of evaporation and absorption ; bat as 
each of the«e ia more or less atfected by the physical pecoUantiea 
of the district, wo mnst carefully consider them. In every case 
where the surface soil is porous, a great portion of the rain- 
fall will be absorbed; and in constructing works for coUeci- 
iog water fnnu areas of this nature, it will be well to con- 
sider if, by suitable nndt>r-draiuage, a larger portion of the 
rainfall cannot be collected, which, under oUier circuuwtaDcefli, 
would sink deep into the ground, beyond the reach of works of 
this character. Agidn, it may sometimes happen that a poroos 
soil overlies an impervious bed, when a large portir>u of the 
rainfall otiuld he secnre<) by uuder-drainage, or the formation of 
deep intercepting drains. A^in, in place* where the surface 
is quite or nearly impermeable, the formation of underHiraius 
will not add much to the qnaatity of water collected. It m.\y 
then be taken by open chaiibel% nod the natural ones of the dis- 
trict will often suffice. Open chivonels are, however, objection- 
able, becaune, in most soils, the channel must bo of such size as to 
limit the velocity of the current to a speed not exceeding half a 
mile per hour; otherwiBO the bed will l>o worn, and the water 
will be made turbid. This neceesartty sinw motion is attended 
by its evils, as it favours the depottition of silt washed from the 
surface of the drainage area, and is also favourable to the deve- 
lopment of vegetable and animal life, and loss by evaporation. 
(Jpeii channels also form receptacles for vegetable matter, whicb 
the wind may carry in. 

In considering the physical peculiarities of the district it muat 
be borne in mind that, if the district is level and not intercepted 
with valleys, the expense of making imponnding reservoirs^ 
which' in alt works of this character are absolute requirementa, 
will add immensely to the coat of such work; whereas, in dis- 
tricts traversed by valleys^ften couUiuiag natural streamer 
impounding reservoirs can be more cheaply constructed by throw- 
ing an embankment across the ravtue, and at once forming a na- 
tural reservoir. In computing tlie quantity of the supply likely 
to he furnished by drainage areas it is well not only to consider 
what may appear the natural areas or slopes receiving the rain- 
fall, but also the geological rireas, in considering which llie engi- 
neer muat pay particular ntlrntinn to the dtp and direction of the 
stroke of the strata, as it materially iuflucncea the flow of water. 
For instance, it often happeoB that tbo supply may be augmented 
by springs, when the dip of the strata ia in the direction of the 
slopes of the drainage areas; while, ou the other baud, the sup- 
ply may be diminished by the facility with which the water may 
00 carried away hv an absorbent strata, having a dip in a diret- 
tion opposed to the slope of the drainage area. The position, 
forti), and dimensions of the drains for conveying the water to the 
reservoir will, in all casen, depend npon the contour of the dis- 
trict; but in cases where covered channels are used, the excava- 
tion, after receiving the conduit or pipes, is often filled np with 
broken stone, in onler to facilitate the entrance cf rain and drain- 
age waters. 

Id laying out works of this ch.iractcr attention must be paid to 
the area of land enclosed by the catch-water and other drains; 
and, when practicable, the main conduit that wilt encircle the 
collectjng area at the lowest point should bo arraugeil al suffi- 
cient elevation to procure a fall, so as to enable the water to be 
diRtrihnted, without mechanical means being rei^nircd to raise it 
to give sufficient pressure. 

QtutUty of Water taken from Draiiuige Areat — In laying ont 
works for the collection of water from draiuage area!) it must be 
borne in mind that the nearer the actual rainfall water is col- 
lected the freer it will bo from adventitious matter, and at the 
same time, in selecting draiu^e areas it must be observed that 
purity of water aud fertility of soil are never to be expected to- 
gether. Water taken from draiuage areas where the subatratum 
is peat, or from lauds in a state of oultivation, ia objectionable ; 
as in the former ca^ie many vegetable organic impurities will be 
present; while that taken from land in a high sLite of cultivation 
will contract and contain many or^nic and inorganic impuritjss. 
The true quality of water contributed by drainage areas ■>rill 
always be found in the biuren districts of the primary geologiGal 
formation, and iu the moorland on the sandstone roclu. Ncx;t to 
these the water taken from pastoral districts will prohahly rook 
in purity, and that from coltivatcd dislricta will be the wofvW 
In cases where the water is collected quickly from the draintkj 
areas, and before it has had time to penetrate deep into the earf 
it is oom|iaratively pure; excepting in those cases of highly ci 
tivated and mannrod districts. Water taken from some drainai 
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arttA BuppUed br cover«d draiaa will not be as chemically pure 
MM wftler tAken direct from the Burfoce without he'iDg allowed to 
penetnte th« straU; u iu ftucb cusee it uiKy collect ioorgonie 
uapuriues from the «oil. 

Quantify of Wattr rfertwrf/f*m Drainagv >4wo*.— The quantitT 
of wmtttT capable of beiog collected from a dminnge \rea UepenoB 
mainly Dpon the geologtcal formation nud physical outline of the 
dlstricL If the district is of an im|iermfable geological character, 
hftriDg Bte»p filopes, a very large portioo of the rainfall can be 
' lollecied : on the other hand, if the geological chftracter of ihe 
jiatrict ia poraus, and its contour flat, aa in aonie sandy and chulky 
~ trieta, very little or no water could be depeoded apon from 
jtlKM of tbia character; and, aa the geological character of a dis- 
rict approiuihoi one or the other of these conditions, so will the 
eroentage of the rainfall cap-ible of being collected fluctuate, 
."he eagiaeer» in oonatmcting worka deriving supplice from 
drainage areas, must take into consideration the amount of water 
capable of being yii'lded by springs flowing in the areas, as it 
fOMy occur that tlie nia fulling on a porous part of the didlrict 
may make its appearance again at another point iu tlie form of a 
natural spring. As has been already mentioned, if the surface of 
the drainage area \% poronn, r^ntint; on imperrious strata, a much 
etr quantity can bo obtained by nnder-drainage, than if the 
-jter WM taken from the surface only. The quantity of water 
wnable of being t«k?n by under-draiuagc, if the strata is uniform. 
«nU depend upon the depth of the drains. An experiment made 
by Mr. Milne, of Milne Garden, in Berwickshire, extending from 
June 1M8, to April 1849, shows that under^dr^iins 3 feet deep, 
laid Id feet apnrt, gave nearly 36.000 gidlons per acre; while 
dnuDB laid Z\ feet deep, and 30 fe«t apart, gave at the rate of 
47,000 gnllons per acre, which was about one-lentU the rainfall of 
the district It Ib dear from this experimeut that a considerable 
portioa of the rain descending on the surface, either ran ofl* at the 
tiae of the niinfftll, and c»>ns4M|uetitly did not |>enetmt« to the 
depth of the drains, or passed below tliem and out of reach of their 
aetjoa: in every porous toil a largo portion of the rainfall could 
uot be collected by drains plooed a distance apart, as the water 
vould penetrate deeper than them. From obaicrvations of some 
of the various workH constructed for the supiily of water from 
diftioage arcAA, the amount of water taken ana used varies from 
oii*«ixteentb U* over two-thirds the rainfall of the district, as 
will be leen from the followiug exBmple« of worka in operation ; 
bat, u many of the works oould probably supply a larger quan- 
tity, those given %& the quantity is the amount absolutely used. 
Tban can be no doubt that if the surface of every drainage area 
wu, or could be made, impervious, and sufficient slope be given 
to it to carry off the water quickly, a very large jwrcentaae^the 
ninbll might be nse<l. Bot the ^reat drawbacks to making the 
•orfaee, that should receive the rainfall, impervious or*— first, the 
«xpensci and, secondly, the restriction it woold put on agricni- 
tOTol pursuits. The expense of mnkio<; a surface imper^'iuus boa 
been estiioated by Mr. Hughes at £2A2. per acre, which price 
would exceed the value of tlu; water that would be collected from 
i^ so that if this system bad to be put in operation at the present 
price of water, it would not pay. The auf^cieucy of the raiufidl 
to foniish a supply of water may be derive*! from the feet that if 
two-thirds of the rainfall of Euglnud and Wales could be collected, 
it would furnish a supply to each individual of the population of 
a quantity exceeding s)m5o gallons per day ; but the rain falling 
oo the sites of our cities and towns would not he sufficient for a 
supply according to the present rate of consumption. For ex- 
ample, the most crowded i>arts of London ore peopled at tbe rate 
of one person to every 12j yards ; now, taking this area with a 
ninfall of 24'8", if two-thuds of it conid be collected it would 
fuminh 2'63 grdlomi |>er bciul jior day. In tlio city of Loudon one 
person boa 40^ yards area, which with the same ralnioll and at 
the same rate would famish S'54 gallons per head per day. Al- 
though in a (freat place like Ijonuon it would not be poasiblo to 
utilise tbe qnantity given, and tbe quality would not be the most 
dasrous, yet for mnuy purposes the quantity of rnin falling upon 
tiw sites of our oitiea and towns, if utilised, would tend much to 
our advantmge. 

Eman^U»o/Waterv>orkttupj^iadJrom Drainage AfM*. — ^Ashton, 
In Liacashire, is supplied from a collecting an* of 378 acres on 
th« nullstono grit formation. The rainfall of the district ia 
40 tnches, and '^4 of the rainfall is stored. 

BeUaat, in Ireland, is supplied from a drainage area of 980 
acres. The supply is taken by open channels, and stored ia r»- 



eervoirs capable of containing ninety days' supply, at the rate of 
102,000 gallons per day. With a rainfall of 32 inches, 522 of it 

is useil. 

Bolton, in Lancashire, ia supplied from a dratnage area of 1041 
acns, situate on the millstuue grit formation. The supply is 
token by covered channels, consisting of pipes kid in trenebsa, 
covered with gravel, and the trencb then sodded over. The 
water ia stored in a reservoir capable of contaioing ninety days 
aiipply, at the rate of 2,000,000 gallons per day. The rainfiiU of 
tbe district is 'fO inches, and '619 inches of it is used. 

Dublin New Works are BUpplied from the river Vartry. wliicb 
has a drainage area of 14,0U0 acres, and with a rainfall of 40 
inches, and 20,000,000 gallons of water daily supplied : 600 of this 
will be use<l. The supply is stored in reservoirs capable of con- 
taining 120 days' supply. .... 

Dukiiifield, in Cheshire.— These worka are oonrtruowd to be 
supplied parUy from a drainage area of 383 acres, situated on the 
millstone grit formation, and partly by meter from the Manchester 
Waterworks. With a raiufall of 36 inches, it Is found that about 
one half ia stored and used. The water is taken from the land ia 
both open and covered channels. 

Glasgow is sopplied with water fi-om Lock Katrine, which has 
a di-oinape area of 43,000 acres, on llie silurian formation, which 
euppliL-a'tilaagow with 23,000,000 gallons daily, besides 40,000,000 
gHilona daily as compensation to millowccrs. 130 days' supply 
u stored ; and with a rainfall of 60 inches, 402 of it is used. 

Ureenock is supplied from a drainage area of 5043 acres. 
With a rainfall of 60 inches, '©OSof it has been observed to nmotf 
into the reservoira. 

Huddersfleld, in West Yorkshire, ia supplied from a drainage 
area of about 1000 acres, 8itu.ated on the millstone grit forma- 
tion. The supply is taken hy covered channels, and 120 days' 
supply is stored, which, besides supplying fiOO,000 gallons of 
water per day to the town, gives a large quantity of water as 
compensation to millowners. with a rainfall of 33 inches, '637 
of it is stored and used. 

Liverpi-o! is partly supplied from wells, but principally from 
a drainage area, of 10,400 acres, contriboting to Rivington Pike. 
A supply of 120 days is stored, and with a rain&U of fifi*5 inches, 
■436 of it is stored. 

Macclesfield, in Cheshire, is supplied from a drainage area of 
2000 acres, situated iu the coal measures. The supply ia taken by 
covered channels and stored in a reservoir capable of coutaiuing 
forty days' supply. With a rainfall of 40 inches, 526 of it is 
used. , 

Manchester is supplied from a drainage area of 1 S,900 acres 
on the millstone grit formation, which fumiahee a supply of 
12.000,000 gallons per day, to a population of 550,000, and 55 
cubic feet of water per second for twelve hours daily as compen- 
sation to millowners. With a rainfaTl of 37 inches, 617 of it ia 
actually useii, while from Mr. Batemau*s evidence it appears 
that nearly three-fourths of the rainfall can be made avatlablc. 

Oldham, in Lancashire, is supplied from a drainage area of 
2700 acres, situated in the coal meaaares, which furnished a 
daily supply to the town of 1,600,000 gidlons, oud 219 cubic feet 
of water per minute for twelve hours iLiily as a compensation to 
millowners. WitharninfallofS-^ inches, *4ie of it ia used, and six 
months' supply is stored. 

Paisley is supplied from a drainage area of 7D0^ acres, situated 
on tbe coal mcaanrcs. The supply is taken by open channels, 
and 200 days' oonsumption Is stored. From a recent report of 
Mr. W. R. Copeland. the engineer, it appcora that during the last 
year, with a rainfall of 66M incbesi, '548 of it was uifcd; but the 
amouut capable of being supplied he takes at 84 per cent, of the 
rainfall, as he allows but 16 per cent for loss by evaporation oud 
absorption. 

Preston, in Lanca^lre, la supplied from a drainage area of 
3000 acres ia Langridge Fella. The supply ia taken both by 
open and covered channels, and 150 days^ consumption ia stored, 
with a rainfall of 43 inches, but -232 of it ia used. 

Plymouth, in Devon, is supplied from a drainage area of 40O0 
acres, situated on the granite hilia of Dartmoor. The supply is 
taken by open channels. With a rainfall of 44 indies, '343 of it it 
useii for town purposes. 

Southampton is partly supplied from a drainage area of IfiO 
acres, aitnated on the eocene formatioo. With a rain&ll of S3 
inches, one-third of It ia collected. 

Bt. Uelen's Old Works ore supplied from a drain^gu area of 
280 acres, aitoated on the coal measures. The supply is taken by 
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both opea >od oovered drainsr and is Rtnred id a mprvoir 
capable ufboldiug 12A iloyi* supply. With ftraiufall of SOiaohw, 
'122 of it is stored aod UHcd. 

Wigui, in lAocnshire, ia supplied froiu a drainage ar«a of 
S20(> acivs, sittiateil on the coal measures, which furuisbM a 
supply of f)00,000 gallons per day to tbe towu, aud 800,000 
gallous per day as compensation to uiiltowuera. Tb» sopply is 
tAkeo by opeu chanaela, aud 160 days' couaaniptioa is stored. 
With a miafall of 40 iuohee, '26 of it is used. 

Water Supp^.y lafctn frx/m Rivtra and Stream*. — The v&ter 
takeu from rivers aud ntreiuua is supplied by drainage areas of 
large extent. The distiactioo to be drawn between works deri- 
ving supplies direct from draionge Rreas, aud from rivers that 
receive their supplies from draina^je areas, is this : — In the case 
of drainage areas all tbe water of a pimicuUr district is dealt 
with, while in the case of rivers a proportion only of tbe water 
of a much larger district is taken. Wheo all, or a large (ler- 
oenlage, of tbe water of a river or stream is required, such works 
may be chused with those takitig supplies from dmiuage areas, 
and will reonire the storing reBcrvoirs aud appendages of that 
Claan of woras, an is the case with the new Uuhliii waterworks, 
Gciicrully the water of rivers consists of water fiUliug ujion the 
various geological strata, from some of which it flows off 
directly ; while from others it flows after peneti-ating to various 
de|)ths, Hnd isvuiug in the form of spriugs ; consequently, the 
quality of river water is subject to greater vaiUtiou than that 
collected from a limited drainage area, aud Is, in fact, a sort of 
mean between the waters of many sooroes. 

The flow from some rivers aod streams is subject to great 
vai-iaUon, an streams that take their rise in mountainous dis- 
tricts, or which run over impervious formations, are often sub- 
ject to freshets, while at other times these channels may be 
nearly or quite dry. It is fo-.nid that the more impermeable the 
district, the more nipidly the streiims swell and the rainfall is 
run off; whilst in [vcnueable districts the soil ix'taius the water 
amd (larts with it more slowly. Heoce rivers fiuwiug through 
audi dtdtricts are not subject to such extreme variatiou of tloods 
or droughts as those flowing through strata of a more imperme- 
aUe character The quantity of water flowing off by rivers and 
streams varies wiih the season of tbe year, and the physical aud 
geological nature of the dislricl from which the wator is derived 
or over which the river flows. The discharge of wnler from 
rivera is not always proportional to the watershed, but depends 
more especially npou the geological character of the district, the 
amount of the rainfall, and the seaaou of the year. The pro- 
portion between drainage and rainfall varies iu ditfereut locali- 
ties. Kxperimcnts made iu 183'i upon dratnage area8 iu Knton- 
brook aud Jomieaou Brtxik valleys, iu the State ot New York, 
by Mr. J. B. Jervis, show that '449 of the total rainfall ran off 
by dmiuage. From tables compiled by Mr. Beardmore, the 
l^ames at StaiuGs carries away -| IU of Uie miufall of a district 
.^ng on the chalk, greeosaud, Oxford clay, oolites, &c. 

The Loddon carries away '118 of the rainfall from a greeo- 
kud district. The Kene, at Peterborough, draining a distnot 
of oolites, Oxfoi-d clay, and li.'u, carries away -OSl of the minfall. 
The Wandle, below Carsholton, draining a chalk district, 
carries nway -414 of the rainfall. Mimrao, at Pauahauger, from 
the chalk, carries away -435 of the niiufoll. Plym. at Sbeepston, 
from till- granite, carries away *33d of the rainfalL UleucoTO 
Burn, flowing from Pentland Hills, carries away '131 of tbe 
ninfoll. The proportiQU of rain diaioed off by riven is oot so 
great as that uhicli is luteriepted and impounded in tbe reaer- 
voirs of some works cou^tructud to taku their supplies direct 
fnim drainage ureas ; tbe reason of which is that the water of 
rivers is expitsed to circumstances favuunible to the processes of 
absorption, evaporation, and animal aud vegetable asaimitalioo. 

Although the proportional amount of rainlall couveved away 
byariver isnotsogrcataslhat which may be collected direct from 
ft drainage arva, nevertheless the enormous druinuge areas of 
rivi'nt reuder them extrenioly useful fur tikiug Mupidies of water, 
and it is a fAct that the majority uf the old-vstubiidhed cities and 
towns uf this aud ulhcr countries have been situatetl originally 
Upon riven aud slrenmft uf various cii)Hu:iuoa, prulnbly with a 
View to secure a suthdency of water for various purposes, as 
well as on account of iheir foriuiug a highway or road to facili- 
tate tlie tmnsit of their commodities, or as k protection and 
defeuce from thL'ij- eueiules. 

One great drawback to the use of water for the supply of 



towns is its want of limpidity at particalar seasons of the J^ear, 
which necesaiutas the use of special measures for its pun6cfr- 
lion. This want of limpidtlr is owing to the currents uf water 
wearing away the sides and bod of the channel, or nrnvpying the 
detritus washeil from tbe surface of Uie land from which it may 
flow. The mechanical matter thus conveyed by rivera may he 
divided into two varieties, viz., that which is sus|>ended tu the 
water, aud that which tt rolls over the bed uf its cfaaunfl by the 
mechauicol force of the current Tbe amount of matter trans- 
portud by a river, under the latter circumstances, depends upon 
the velocity of the water, the nature of the bottom of the 
channel, and the shape, ohamcter, and size of the particle* 
moved. From ezT>eriments mode by Bossui, Dubuet and utbera, 
Uie size of particles conveyed by rivers flowing at ditfereut 
velocities U as follows :— 



V«lodt]r per •ooMil. 
3 inches 

tf 

8 „ 
12 .. 
24 


H Mleriols OHnmjwi bj Mrsaai, 
Fine potter's day. 
FiDosaod. 

Course mod — sise uf Unsssd. 
Fine gravel. 
„. Pebhim — 1 inch diameter. 


8« 


Angular Btuoee— «iBo of on egg. 



The way in which the particles of sand are transported by a 
river are iuteresting, and the examioatioo of a aandy bed uf rnn- 
iiig water predcuts a section of a series of undnlatious or inclined 
planes. Tlie upstream side of the«e planes is very gentle, while 
the downstream side is steep. The grains of itand moved along 
by the water ore forced up the long slope, and whun they arrive 
at the top of the plaue, Cdl down the steep side on to tbe foot of 
the next loug slope of the uodutatious below, and en tbey are 
conveyed along: thus, in some measure, tbe rate of abnision of 
the bed of the chanuel is diminished by this action. The matter 
that is urged along the bed of a channel by tbe current only 
iudueuoes works for the supply of water in cases where no accu- 
muloiiuii of such m:itter has a teudeuey to choke or diminish the 
sectioual area of the arUflcial channels or pipes provide^i for con- 
veying it, when proper provittion must be made against it. 

The quautiiy of matter held mechauioilly iu suapcusiou in tbe 
water, depends mainly upon the velocity aud specific gravity of 
th« matter ausjieiuied. In all cases it will be found that tbe 
ligUteat matters are held longest in suspeosion; and iu studying 
the physical condition of rivers it wilt be obeorved that, wheuever 
any circumstances occur that have a tendency to reduce the velo- 
city, a certain amount of the heaviest matters held in suspeosioiL 
will bo precipitated; oonsequeutly, in rivers unaffected by tides, 
the lightest matter wilt be currieil the furthest; and if precipi- 
tated, will be dfpi^ited ai the outfall. The following table gives 
the prufKirtiouol quantities of matter suspended in some river 
Waters:— 
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There are so many circumstanoca connected with tbe presence 
of the mecbAuical matters heM in suspension, that no general 
rule can be laid down as to the amount that may be expected 
under verLiiin conditions; yet thers are some kuowu cireum- 
staiicea, such as increase of velocity, that favour the acquiaitiou 
and ti-auspoitatiou of such nutter. Tlte oorrodiug and abrading 
action of water is inoessautly ro-«mtugiog the strata of tbe 
earth's cruMt, and geology teadies na that the same results that 
are uuw beiug produoea by the flow of our rivers, in conveying 
tbe partidea of various geologiotl strata from elevated looalitiea 
to tbe valleys or tbe mouths of our rivers, have been iu active co- 
operation for ooontlesa ages. 

(7V> d wnttAUtd.) 



I 



Ju. 1. »M} 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



25 



THE COMPTJLSORV SALE OF LA\*D REQUIRED FOR 
PUBLIC UNDERTAKINGS IN ENGLAND* 

ir 

7%t Method of aettling the Compemation and obtaining Fottetnon. 

Maitt years since, in dMUin^ with bo- called privule Acts of 
P&rliament, tlie legislature found by experience that a number 
of provUiouji rejfniating tbe financial and traffic arrangementa, 
the execution of vorkfi and the purchase of the requisite land, 
were necea&ary, both for the protpction of existing interesta, and 
for puttinij; the promoters in a position for properly oarrving out 
ibe nndertakiDg for which the act was obtained. SncK provi- 
sioDs, therefore, it was cnstomary to JTi«ert in erery special act. 
la oonrse of time it hirther appeared, that iu the majnrity of 
cum these special proriaions should be identical, aud iu nrticr to 
•eeare a certain uiiiforinity, a short time previous to the year 
1845, a kind of model bill was prepiireil by some of the officers of 
the House, ooDtaiuiug all tbe different clauses which would have 
to be introduced, and aj^enta were desired to adapt the wording 
of their bills to this form, as far as practicable. Thus a great 
step waa made in advance; but a private act containing oorapul- 
aory powers, i-spMially such nn one for a railway or Mnal, with 
iUi traffic aud financial clauses, vas a very bulky affair, extend- 
ini{ perhaps to one hundi^ pages of printed matter. This, 
butdeM the attendant expense, was a sehuus' inconvenience, as a 
volaia* of print had to be wad^l thrnugli to aftccrtaiu in what 
respect one aet differed from auoth^r, or from what was usual in 
ponllel cases. Iu the year 1846, when six or sevpn hundred 
nulway and other private bills were introduced, the diO&culty of 
nnnling them all, with the various oiuDndments and alterations 
to their paiaage through the IJouse, would have been enormous, 
had they retainod their cxcetLtive dimensions, Eortiiualely, how- 
ever, in the year IS45, chiefly at the instance of Mr. Booth, the 
then counsel to the Speaker, several biltn were iutroduccd and 
~ uned, having for their object th*^ consolidation, into general acts, 
' each gronp of clauses which had, until that time, been intro- 
loed into every separate act. The result is that an important 
milway or public improvement net is now only an affair of ten 
r a dozen pagaa, oootalniugthe preamble, the special enactments 
( to the coDstilution of the company, the extent aiul objects of 
nndertaking, and euch clauses aa under the clrcumst^tnces 
y b« necessary in the intere-it of all parties concerned. 
By a clause referring to them in every special act, such of the 
eoeral acta a* apply are to be tnkeu aa forming a pari of the 
pecial act; any clauKCs of the general net which it may not be 
Dtended to iucorporntc being expressly excepted. 

One of the most important uf the geuetiU acta referred to, and 

tbal with which we have now more particularly to do, is " The 

I^ads Clauses Consolidation Act, 184S " (8 Vict. cap. 18), which 

deaigne<t to coDsolidat« all the provieion usually iuAotted in 

• of Parliament relative to theacipiisition of land required for 

Tnndertakiugs of a public nature, and to the compemsatlon to be 

Ikuide for the snme. This act waa amende<l, or tathcr extended, 

' !u ltt60, so as to afford further facilities for giving compensation 

by way of rent charges, and to enable the Secretary of State for 

War to Jtvail him.selt' of tbe proviaiuna in the purchase of land 

for the uatlonal defences; with this exception the act has not 

^been amended sluce it passed, aud all compulsory sales of land 

now regulated by its provisioas. Similar general acts were 

~ed for Scotland and Ireland, which differ m some respects 

1 those for England; to the last I propose to confine myself 

le pr^Hent prtper. 

Although, iu a few iuaLinces, such as where the executive 

Kgovernmcnt, a coqxiration, or board of health, acquire compul- 

ory powers for tbe construction of new streets, sewera, or other 

rks for the public benefit, some of the ctaases of the general 

llct are occaxioniiUy except«d or varied, it in almost always 

lltpplied in its entirety in tbe case of a siwcial act, conferring 

Ipowvm for the convenience or profit of the promoters themselves. 

lit will, therefore, be best for us to deal with the ^neral act, as 

U is usually incorporat«l with a special act, notuig only as we 

prooMd such exceptions as sometimes occur in the ordinary prac- 

tio» of a surveyor. 

The I-aods CImises Act not only gives the power to purchase, 

pbnt enables parties under disability, such as corporations, 

cnants in tail or for life, marriad women, trustees, committees 
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of lunatics, and others, to convey or release lands to the pro- 
moters, which they otherwise would not be able to do. Several 
important questions arise aa to tbe circumRtancos under which 
A person is entitled to compensntiou, and when It can be claimed ; 
these, however, we will i^servo till we eonaider the principles 
which are to guide us in ascertaining the amount to be paid, and 
for the present will take it for granted that both parties are 
clear in their reapectivti rights, and that the only point in dispate 
is the sum which the claimant ought to receive for the sale 
of his Bfitate aud inten-st. 

So aoou as their act has been obtained, the promoters have the 
power, on giving three days' notice, of eutermg on any of the 
lands for the purpose of surveying, setting out the works, 
or boring to ascertain the nature of the soil, &c., on paying 
all the owners for any damage that may be cauaed by these pro- 
ceedings. The Parliamentary plans being generally on too small 
a scale, and got up in too grent a hurry to be depended u|>on, the 
first step the promoters take is to make very accurate snrveys, and 
determine the exact position and extent of the intended work, so 
that the predse qnautity of laud required may b« ascertained. 
The book of reference, aUo, must b« correcte>i, and all parties 
ioteresteil in the property found out, so that they m.ty bo served 
with the notitt* next dMncrilwi,!. 

NancK TO Treat.— Within the "limits of deviation," as hiid 
down on the Farli.tmoDtary plans, the promoters are the sole 
judges of the quantity of land they reipiire ; it munt, however, 
bo taken bondjidt for the purposes of the uudertoking, and for 
DO Other psrpose whatever. This being ascertained, the promo- 
ters are to give to all the parties enabled t<> soil, a notice (com- 
mooly called " the notice to treat aud agree,^} which most ueBoft 
exactjy the qu.-vutity of land re4(uii-ed, aud state that the pro- 
moters are willtn.; to treat for the purcluwe of the same, ana for 
tlie compensation to be made for all danuge by reason of the 
execution of the woiks, aud demand from the owner the parti- 
cidars of his interest, and of hla claim for compensation. These 
notices must be served pcrscmally on tbe panics, or left at their 
laat known place of abode, or, if they are nUcut from the (Jnit«d 
K'ingdom, or cannot be foutid, must be leli with the oocnpier ; 
or if DO occupier, then nfDxeil to some couapicuuus part of 
such laud. 

Until the notice to treat is served upon him, the owner ia not 
bound in any way, hut may deal with his land as he pleases, by 
leasing it or otherwise, tiotwiihstiin'iing the xfvocial act hna l>eea 
passed, and he has been previously xervcd with the "Parlia- 
mentary " nottc«>. Immcfliniely. however, such a notice has been 
legally served, the position of buyer and seller is eitAblished, and 
a ountract for purchase is aiisumed to have been entered into, 
the owner cannot vary his interest, neither can the promoters 
withdraw their notice, without consent. There seems to bo an 
exception to this in the case of commisHJoners appointed to do 
certain things for the public benefit, on behalf of the executive 
ffOvemmeut. 

The notice may be for the whole or for any part of the lands 
of an owner, which the promoters are empoweretl lo purchase j 
and if, after giving one notice, more laud be required, they tuay 
give others, but a notice may not I>e for anything iu excess of 
their powera, and an assessment by a jury for tlie value of this 
excess wonld be invalid. 

By sec. 9ii it is provided that the promoters shall not require a 
person to sell or ocnvey a part only of a house or other b»iilding 
or manufactory, if such party be willing and able to sell the 
whole thereof This provision has been interpreted very libe- 
rally on behalf of the owner. The promoters may, however, ou 
receiving fi-om the owner a uouuter ouLice to take the whole, 
withdraw the original notice, and declme to take any part 

It hai bceu held, with reference to this section, that " a house" 
comprtsee whatever would pass with the grant of a messnage, and 
would include the garden and all that is necessary to the enjoy- 
ment of the houite, if withiu oue mnbit. A mansion aud pre- 
miaett, standiug on about 1| acre, were surrounded by a wall; a 
railway company took a port of the garden aud orchard, and 
divided one part from the other; the company were held bottsd 
to take the whole. A meatlow had been held for many yeu* 
under the same lease, with a house and garden ou the opposite 
side of a public road, it was used by the plaintiff and his chil- 
dren as a cricket^ground, &x.; a company cave notice to take this 
meadow, it was held that Ihey could uot be n-quin.*d to take the 
house aud garden also. Oue of the lords juaticea, however, dis 
MDted from thb view- Warehouses ou tbe opposite aide of a 
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botU open ood coreretl dnuns, and is stored in n nwrvmr 
capable uf holding ISO days' supplj. With anuD&ill ofSOiodiWt 
'IBS of it is itoral and iioed. 

Wignn, in lAocashire, it sapplied from n draioftge nrea of 
i^m acres, HiUiateil on the oo«l measures, which furnishes a 
aupply of BOO^OOO g&lIoiiB |>er dny to tha town, aud 800,000 
gullotis per day as compensAliou tu millowtiers. The supply is 
tnkcD by open channels, and ISO days' couauniptiou is stored. 
With a nunFall of 40 inches, '26 of it is osed. 

Water Supply taktn from Rivera and Stream*. — The water 
taken from rivers and streams is sapplied by drainage areas of 
targe extent The dialiuction to be drawn between works deri- 
Tjiig ^applies direct from drainage areas, aud from rivers that 
receive their supplies from drainaue areas, is this : — In the caae 
of draiunge arcfts all the water of a particular district is dealt 
with, while in the case of riven a proporijou only uf the water 
of A much larger dislriot is taken. When all, or a large per- 
ocnlace, of the water of a river or stream is rt^uired, such works 
raav Tie cl-issci with those taking supplies from drainage areas, 
auJ will ruquire the storiug reservoirs and appendages of that 
elaan of works, as is the case with the new Dublin waterworks. 
Generally the water of rivers consists of water falliug ufion the 
various geological strata, from some of which it dows off 
direi'ily ; while from others it flows after peattrating to varioaa 
depths, and iwuiug in the form of springs ; oonwKiueutty, the 
quality of rivpr water is subject to greater vaa-iaticn than that 
oltecied from a limited drainage area, and is, in fact, a sort of 
Bean between the waters of many Kources. 

The How from some rivers and streams is subject to great 
variuUoD, as streams that take their rise in monutainous dis- 
tricts, or which run over initwrvious foruiatious, are often snU- 
ject to freshets, while at other times these channels may be 
nearly or quite dry. It is found that the more impermeable the 
district, thti more rapidly the sli-uims swell and the rniufnll is 
i-un off; whilst in permeable dtsti-icu the suil rvtaius the water 
and parts with it more slowly. ITeace rivers flowing through 
■uch dtdtricta are not subject to such extreme variation of iloc^ 
or droughts as thoae flowing tlirough strata of a more imjwrme- 
able character. The quantity of water fluwin>{ off by rivers and 
streams varies with the season of the year, and the physical and 
geological nature of the district from which the water is derived 
or over which the river flows. The discharge of water from 
livers is not always proportional to the water shed, but dej)«ud8 
more especially npou the geological ehamctcr of the district, the 
amount of the raiufhil, and the season of the year. The pro- 
portion between drainage and rainfall varies iu diflereut locali- 
tica. Experiments made iu IbS^t upon draiiiitgu Hrca» in KaUm- 
brook aud Jamieson Brook valleye, iu the State ol New Yurk, 
by Mr. J. B. Jer\-is, show that -449 of the total rainfall ran ofl" 
by drainage. From tables compiled by Mr. Beardmore. the 
Thames at Staines carries away '119 of the rainfall of a district 
lying on the chalk, greensand, Oxford day, oolites, <Scc. 

The Loddon carries away '118 of the rainfall from a greeo- 
saud district. The Nene, at Peterborough, dniiiiiug a district 
of oolites, Oxford clay, and lias, carries away 'i>bl of ihu minfall. 
The Wandic, below Carshalton, draining a chalk district, 
carries away '414 of the rainfall. Mtmrnn, at Fauahaugcr, from 
the chalk, carries away '435 of the rainfall. Pljra, at Sheepston, 
from tlie granite, carries away '^S^j uf the rainfall. (Jleucore 
Burn, flowing from Feollund Hills, carries away '131 of the 
minfall. The prDuortiou of rain diTuned olT by rivers is not so 
great as that whicli ia int^jrit-pled aud impounded iu the reser- 
voirs of some works constructed to take their supplies dirtict 
from drainage areas ; the reason of which is that the water of 
rivers is ex)>aeed to circumstance* favourable to the processes of 
absorption, evaporation, and uiiiiiial and v«>getab]e asaimilatiou. 

Although the proportional amount of rainfall conveyed away 
by a river isnotsogreatnsthat which may be collMited direct from 
a drainage area, uevcrtkeless the enormous draiimge areas of 
rivers rendur tliani extremely nseful for bikiug emppliei of water, 
and it is a fact that the niaJLirity uf the old-esUiblUhed cities aud 
towns uf this aud other couulrivs have U-cu situate<l originally 
upon nvera aud stn.'iiiu^ of various capiiciuca, pi-ulubly with a 
view to secure a suUiL-ieiicy of water for vm-ioua purposes, aa 
well as on aceoaut of their formiug n highway or road to facili- 
tate the transit of their comniodiiiea, ur as a ])njtecUun and 
defence from thetr enemies. 
Ojjb jrreat drawback to the use of water for the sappljr of 
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towns is its want of limpidity at particolar semsouof tbt ^t^, 
which necessitates the use of special measures fur its parifioar ' 
tion. This want of limpidity is owing to the currents of wmtarj 
wearing away the sides and bed of ^he channel, or conveying tha | 
dstriius wnshei] from the surface of the laud from which it may 
flow. The mechanical matter thus conveyed by rivers may b« ^ 
divided into two v-nrietius, viz., tliat which is sus|>ended iu tbs^ 
water, aud that which it rolls over the bed o( its chanupl by the 
mechanical force of the current. The amount of matter trans- 
jiorteil by a river, under the latter circurostauoes, depends upon 
the velodty of the water, the nature of the bottom of the 
channel, and the shape, character, aud size of the particles 
moved. From experiments made by Bossut, Dubuet and others, 
the size of particles conveyed by rivei's flowing at ditfereul 
velocities U as follows :^ 

Wslflrisls convajrcd b; Mraaoi. 
Rae poiter's day. 
I'loesaod. 

Comwi sand — sixs uf Uiii«»mL 
FinSffraTftl. 

Feblues~l inch diamettir. 
Angular stones — sias of an egg. 

The way in which the particles of sand are transported by * 
river are interesting, and the examination of a sandy bed uf run- 
ing water presents a section of a series of undulations or inclined 
planes. Tlie upstream side of these planes is very gentle, while , 
the downstream siile is steep. The gnuos of sand moved along' , 
by the water are forced up the long slope, and when they arrive 
at the top of the plane, Cdl down the st4tep side on to the foot oF ' 
the next loug slope of the unduUtious below, and so they are 
conveyed along; thus, iu some measure, the rate of abnuion of 
the bed of the channel is diminished by this uctiou. The matter 
that is urged along the bed of a channel by the carreot only 
influences works for the supply of water in cases where an accu- 
mulatiuii of such matter has a tendency to choke or dituiuish the 
sectional ariM of the arlifioiBl channels or pipes provide*! for con- 
veying it, wheu proper provision must be made against it. 

The quantity of matter held meckaaically in suapcusion in the 
water, depends mainly upon the velocity and specific gravity of 
the matt»r sus|>ended. In all cases it will be found that the 
lightest matters are held longest in sudpeoiiion; and iu studying 
the physical condition ufrivcntit will U- observed that, whenever 
any circumstances ocvur that have a tendency to reduce the velo- 
city, a Certain amount of the heaviest matters held in susj^ensloa 
will Ift) preci]tiLttud; CLUiHtH(uently, iu rivers unaffected by tjdes, 
the lightest matter will be ou-rterl the furthest; and if precipi- 
tated, will lie deposited at the outfall. The following table gives 
the pro|>ortioual quantities of matter suspended in some river 
waters: — 



TtSDC (if sutborltT. 


NsMw at rinr. 




Pr(i(icnu» 
bf *cl(U. 


T. Logan, C.E. 


Itrawaddy — flood. 


STfT 


1^ 


Do. 


„ ordinary stst«. 


TTITB 


stVi 


Mr. EUet. 


MtHUMuppi (uioon) 
Khine— flood. 


nm( 


1XTT 


Mr. L. Homer. 


vri^s 


'firs 


Do. 


„ ordinary atatc. 


STIIT 


Tshn 


Do. 


,, moan. 


11104 


TVWWW 


Sir G«o. Staunton. 


Vellnw River, China. 




SOP 




Seind —flood. 






B. Latham. 


Ou«e at Kly— flood. 




nirr 


Do. 


„ mmuDUiB, 




n^vT 


Do. 


mean. 




TT^kn 



There are so many circumstances oonoeoted with the presence 
of the mechanical matters held in suspension, that no general 
rule can be laid down as to the imount that may be expected 
under oert<uu conditions; yet there are some known drcum- 
stauces, such as increase of velocity, that favour the acquisition 
and transportation of such matter. The corroding and abr&d&fig 
action of water is incessantly re-amuiging the strata of the 
earth's crunt, and geology teaches oa that the aamo results tliat 
are now being produced by the flow of our rivet^ in conveying 
the particles of various geologicsl strata from elevated localities 
to the valleys or the mouths of our rivers, have been iu active co- 
operation for countless ages. 

(Tq b* continued.) 
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THE COMPITLSORy SALE OF LAND REQUIRED FOB 
PtTBUC UNDEETAKING3 IN' ENGLAND* 

II 
T\e Method of tetUing tttt Compauiation and obtaining Poueation. 

Mast years siacc, in dealing with so-cftlled private Acta of 
l^rliatDcnt, the legislature foiin^I by expenence that a Dumber 
of proviuiona reffulating the fiuaiiciat and IralBc ari-aDgements, 
the cxenuiiun of works and the parchase of the requiaite land, 
'eneccfliary, both for the proteclion of existing interosta, and 
patting the promott^rs in a pofliiinn for properly carrying out 
le nnderiaking for which the net was obtaineti Such provi- 
tioDS, thei"efore, it was cimUiniiiry tn iof«ert in every special act. 
course of tiiao it further appeared, that lu the' majority of 
H tbeee special proviaiona should be iduiiticnl, and in order to 
:ar» a certniu uniformity, a short time previous to the year 
45, a kind of model bill was prepared by some of the ofHcera of 
lihc House, conUiuiug all the different clauses which would have 
1*0 be iotiMduceil, and ageola were desirwl to adapt the wording 
lof their bills to this form, as far as practicabls. Thus a great 
•Up was mode in advance: but a private act containing compul- 
y powen, especially such as one for a railway or canal, with 
traffic and financial clitUBes, w;is a v«ry bulky affair, extend- 
; perhaps to one hundred pages of printed matter. This, 
iidea the attcndaut expeuse, was a seriomTineoDvenienoe, as a 
ame of print had to be waded through to aflcertAiu in what 
apect one act differed from aimther, or from what was usual in 
_ urallel cases. Id the year 1846, when six or seven hundred 
railway and other private billa were- introilutrcd, the difficulty of 
priiiCiDg Iheni all, with the various nmendnietitM and alterations 
ID their [mssage through the House, wuuld have been enonnoua, 
had they retained their exceiwiveiliitieiiaions. Fortunately, how- 
ever, in the year lfr-4fl, chiefly at the iiistnoce of Mr. Hootli, the 
then counsel to the Speaker, several bills were introduced and 
L puRod, having for their object the cousolidatiou, into general acts, 
•of each group of clauses which had, uutil tlmt time, been intro- 
daeed into every separate act. The result is that an important 
railway or public improvement net ia now only an affair of ten 
or a doxtfn pages, oontainingthe preamble, the special enactments 
as to the constitution of iho cotnpnoy, the extent and objects of 
the undertaking, and such c1:iusck an under the circumstances 
may be necessary in the interest of alt parties conc«rned. 

hy a clauae referring to them in every special act, flucli of the 
tral acts as Apply are to bo taken as forming a part of tho 
3iil act; any clauses of thu general net which it may not be 
intended to iucor)>oraLe being expressly excepted. 

One of the moat important of the general acts referred to, and 
that wiib which we have now more particularly to do, is "The 
Lands Clauses Conwolldutiuu Act, 1845" {8 Vict cap, 18), which 
was designed to cousolidatc all the provisiou usually initerted in 
;AcU of Parliament rf iative to the acquisition of land re<)uired for 
undcrtAktags of a public natun», and to the compemsation to be 
made for the same." This act was amended, or rather extended, 
1660, so as to afford farther Gicilitica for giving couipensntion 
[ way of rent charges, and to enable the Secretary of Stato for 
'iir to avail hira^ell' of the prttvisiuus in the purchase of land 
fbr the national defences; with this excMptiou the act has not 
'lieea ameude<l since it passed, and all compnlsory aalea of land 
an now regulate^J by its provisions. Similar general acts were 
rasae<l for Scv)iland and Ireland, which differ in some respects 
from thoae for England; to the last 1 propose to confine myself 
ra the present paper. 

Although, in a few instances, such as where the executive 
govenuuent, a corf>anitioo, ur board of health, acquire compul- 
sory powcn for tho couslruetion of new streets, sewers, or other 
works for the public benefit, aouie of the clausvs of the general 
act ar^ occasionally excepted or varied, it im almost always 
gtpplted iu its entirety iu Um case of n special act, conferring 

fowvn for the convenience or profit uf the proiiioterH themselves. 
t will, therefore, be best for us to deal with the genoral act, as 
it is tMiially inoorpv^rat^ with » special act, noting only sa we 
pnioeed such exceptions as sometimes occur in the ordinary prac- 
tice of a surveyor. 

The I^ad5 ClaiiscB Act not only gives the power to pnrchase, 
hot enables parties under disability, such as corporations, 
tenanu in tul or for life, married women, trasteea, committees 
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of lunatics, and others:, to convey or release lands to the pro- 
moters, which they otherwise would not be able to do. Several 
important queKtious arise a^ to tho eirenmstaucea under which 
a person is entitled to compeusatioD, and when it can be claimed ; 
these, however, we will reserve till we consider the principles 
which are to guide us in ascertniuiog tlio amount to be paid, and 
for the present will take it for grauted that, both parties are 
clear id their respectivu rights, and that the only point in dispute 
ia the sum which the claimant ought to receive for the aalo 
of Lis estate and interest. 

So soon as their act has been obtained, the promoters have the 
power, on giving three ds^s' notice, of entering on any of the 
lands for the purpose of surveying, setting out the works, 
or l>oring to ascertain the nature of the ami, &c, on paying 
all the owners for any damage that may be caused by these pro- 
ceedings. The Parliamentary plans being generally on too small 
a scale, and got up in too great a hurry to be depended upon, the 
first step the promoters take ia to make very accurate surveys, and 
<](jtermine the exact position and extent of the intende<l work, so 
that the precise quantity of land required may he ascertaiuetl. 
The book of i-eference, also, miut be correctal, and all parties 
interested in the property found out, so thai they may be served 
with the notice next described. 

NoTrcR TO Treat. — Within the " limits of deviatioo," sa laid 
down on the Parliamentary plana, the promotors are the sole 
Judgoa of the quantity of laud they require ; it must, however, 
be taken fjonafidt far the purposes of the nudertakiog, and for 
no other purpoae whatever. This lieiug ascerLiined, the promo- 
ters are tii give to all the parties ciukbliHl t<i soli, a notice I'com- 
inonly called " the notice to treat tmd agree,") which must define 
exactly the quantity of land required, and f<tate that the pro- 
niotcri) are willing to treat for the purchase of the same, and for 
the contpensatiou to be made for all duniago by reason of the 
oxecutiou of the works, and dem-ind from the owner the parti- 
culars of his interest, and of hix claim for compensation. These 
uoiiees must be served personally on the parlies, or left at their 
laat known place of atxtde, or, if they are ahueut from the United 
Kingdom, or cannot be found, nmat b« left with the occupier ; 
or if no occupier, then affixed to somo conspicuous part of 
such land. 

Until the notice to treat is aorved upon him, thi* owner is not 
bound in any way, hut amy deal with his land :ui liu pleases, by 
lensiug it or utherwise, uotwithatandiug the special act has been 
passed, and \w has been previo\isly served with the " Parlia- 
mentary " uotiL'c. lmmedi.it«ly, iKiwevcr, such a notice ha« been 
legally served, the position of buyer and seller is eitabliahed.and 
a oontract for purchase is assumed to have bct-n entered into, 
the owner cannot vary his interest, neither can the promot^nt 
withdraw their notice, without consent. There seems to be an 
exception to this iu the case of commissioners appointed to do 
certain things for the public benefit, on behalf of the executive 
Government. 

The notice may be for the whole or for any part of the lands 
of an owner, which the promoters are empowered to purchase ; 
and iC after giving une notice, more laud be requiix'd, they may 
give others, but a notice may not he for anything in excess <m 
their powers, and au .tssesament by a jury fur the value of this 
excess would he invalid. 

By sec. 92 itia provided that the promoters shall not require a 
person to sell or ccnvev a part only of a house or other building 
or manufactory, if such f>arty 1>e willing and able to sell the 
whole thereof This provision has been interpreted very libe- 
rally on behalf of the owner. The promoters may, however, on 
receiving from the owner a counter notice to take the whole, 
withdraw the original notice, and decline to tako any ixut. 

It hn-H been held, with reforunoe to this scctiim, that " a bouse" 
comprises whatever would pass with thegrautuf a messuage, and 
would include the garden and all that is necessary to the eujoy- 
meut of the houee, if within one ambit. A niausi'm and pro- 
mises, Btauding on about \\ acre, were anrrouudud by u wall; a 
railway company took a part of the garden and orchard, and 
divided one part from the other; the company were held booud 
to take the whole. A meadow had been held for many yean 
under the same lease, with a house sod garden on the opposite 
side of a public road, it was used by the plaintiff and his chil- 
dren as s cricket-ground, &c.; a company gave notice to tekc this 
meadow, it wa.<i held ih;it they could not be requin-d to take the 
house and ganten also. One of the lords juaticca, however, dis- 
sented from this view. Warehouses uu tho o^^ositA udA oC %. 

\ 
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both open ood covered draioB, and is stored in n reoervoir 
capnble of holdiug 126 da>V supiilj. With Brainfiiil of30iiiche»t 

*1SS of it iB StOl^ BDd UB»). 

Wignn, in lAocashire, is supplied from a drainage area of 
S200 acrt^ oKiuited on the coal measures, which fiirniKties a 
supply cf etX),ODO gAlIoiia (wr daj to the town, aud 800,000 
gulloufi per day as compensation to millowuera. The sappty is 
Inkon by open chanQcIs, and 18U days' cousuinptiou is stored. 
Wilh a rainrail of 40 inches, *d6 of it is used. 

Water Supj^y taktn from Rivera and Strtams. — TIig water 
taken from rivers and streams is supplied by dmioage areas of 
largo extent. The distinction to be drawn between works deri- 
ving supplies direct fi-om drainage areas, and from riven that 
receive their supplies from drainai/e areas, is this : — lo the case 
of drainage areas all the WAter of a particular district is dealt 
with, while in the case of rivers a proportjou only uf the water 
of a niucli larger district is taken. When all, or a large per- 
centage, of the water of a river or stream is required, such works 
inav be cln^rseil with those taking supplies from dntinage areas, 
una will rciiiire the storing reservoirs and appendages of that 
clan of worlcs, as is the case willi the new UaLlin waterworks. 
Generally the water of rivers coitstsls of water fulling ii|>on the 
various geological straLi, from some of which it Sows off 
directly ; while from others it flows after penetrating to various 
deptlis, and issuiug lu the form of springs; consuqueully, the 
(piality of river wnter is aubjecL to greater variaticu than tliul 
collecled from a limited drniuage area, and ia, in fact, a sort of 
me.-in between the waters of many soarces. 

Tlie flow from some rivers and streams is subject lo great 
variation, as streams that take their rise in monutainous dis- 
tricts, or which run over impervious formatious, are often sub- 
ject to freshets, while at other times these chaoQela may be 
nearly or quite dry. It U found thnt the more impermeable the 
district, tbe more rapidly the sti-«iiwi« swell and the rainfall is 
run off i whilst in permeable distriL-ta the soil rKtaius Uie water 
and parts with it more slowly. Hence rivers flowing through 
auch districts are not subject to such extreme variation of floods 
or dronghts as those flowing through siniLa. of a more imperme- 
able character. The quantity of water flowing otf by rivers and 
streams varies with the season of the year, and the physical and 
geological nature of the district from which the water is derived 
or over which the river flows. The discharge of water from 
rivers is not always proportional to the water slied, but ilei>«nd8 
more especially npou the geological uhai-acter of the district, the 
amount of the rainfall, and the season of the year. The pro- 
portion between flrainage and rainfall varies in diflerent locali- 
ties. Experimcnta made in 1B30 upon drainage areas in Katim- 
brook and Jamieson Brook valleys, iu thu Stale ol New York, 
by Mr. J. B. Jervis, show that '449 of the total rainfall ran off 
by drainage. From tables compilei) by Mr. iJeiirdmore. the 
lliauics at Staines carries away '119 of the raiuEkll of a district 
lying on the chalk, greensiLiid, Oiford clay, oolites, &c. 

The LakMou carries away '116 of the raiufall from a BTe«D- 
saud ■Itatrict. The Nene, at Peterborough, draining a dtstriot 
of oolites, Oxford clay, and lias, carries away 'U81 of ibu ninfall. 
The Wandle, below Carshaltou, draining a chalk diatricl, 
carries away -414 of the rninfall. Mimrnn, at Faoahauger, from 
tbe chalk, carriea nway '435 of the niinfoli. Ftym, at Shcepstou, 
from tlie grauilc, carries away '33^ of the rainfall. Glencore 
Burn, fluwing from Penthtnd Hills, carries awiiy '131 of tlie 
rainfall. The proportion of rain dmined ofl" by rivers is not so 
great as that which la intorit-pted and impounded iu the reser- 
voirs of some works constructed to take their supplies direct 
from drainage ureas ; the reason of which is that the water of 
rivers is expij«ed to ciivumstauces favourable to the processes of 
absorption, evaporation, and ouinis) and v^table assiiniUiiou. 

Although the proportional amuuiit of rainfall conveyed away 
by a river is not so great as that which may be collected direct from 
a drainage an*-a, nevertheless the enormous druinuge areas of 
rivers render them extremely useful fur taklug supplier of water. 
and it is a fact that the majority uf the uld-ijStHbliiiheil cities and 
towns of this aud other countries have becu situated uriginally 
Upon rivers nud streiims uf varioutt caiwicliiea, probably with a 
view to aecnre a suthcieucy of water for vai-ious purposes, sa 
well as on account of iheir forming a highway or road to facili- 
tate tbe transit of their commodities, or a« a protection and 
defence frum tht-ir enemies. 
One great drawback lo the use of water for the supply of 
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towns is its want of limpidity at particular seasons of the ye*r, 
which neoeasitates the use of special measures for ita puriflcis- 
tion. This want of limpidity is owing to the corrents of water 
wearing away the sides and bed of the channel, or conveying th« 
iletritus w.ished from the surface of the land from which ii may j 
flow. Tbe mechanical matter thus conveyed by rivers may hm\ 
divided into two varieties, via., tliat which is sufl|«uded in th»\ 
water, and that which it rolls over the bed of its chnnnel by the 
mechanical force of the current. The amount of matter trana- 
jwrtcd by .h river, nnder the latter circumstances, depends upon 
the velocity of the water, the nature of tbe bottom of tbe 
channel, aud the shape, character, and size of the particles 
moved. From experimenta made by Bossut, Dubuet and others, 
the size of particles conveyed by rivers flowing at different 
velocities is as follows :^ 

Hsierisli ccansysd tar Mns^ 
Fine puttur'a day. 
Fine MUid. 

CVuirse sand — sise of tinsssd. 
Fitio gruvel. 

Ffbhle« — 1 inch diunflter. 
Angular stunes— sise of an egg. 

The way in which the pwtJcles of sand are transported by e 
river arc iuterestiug, and the examination of a sandy bed of'mn* 
ing wtttcr presents a section of a series of uuduUtions or inclined 
planea. The upstream side of these planes is very gentle, while , 
the downstream side is sleep. The grains of sand moved along . 
by till* water are furoed un the long slope, and when they arrive , 
At the top of the plane, fiill down the steep side on to the foot of 
the next loug alope of the undulations below, and so they are 
c<)nveye\l along: thus, iu some measurei tbe rate of abrasion of 
the bed of tht! channel is diminished by this action. The matter 
that is urged along the bed of a channel by the current only 
influences works for the supply of water in cases where an accu- 
mulaiiuii of suah m;itter has a tendency to choke or diminish the 
sectional area of the artiflcial channels or pipes provided for con- 
veving it, when proper provision must be made against it. 

The quantity of matter held mechanically in suspension in the 
water, dopeuds mainly upon the velocity and specific gravity of 
the matter susitcnded. In all cases it will be found that the 
lightest matters are held longeiit in sosgtension; and iu studying 
the physical coudition of rivem it will W obeerved thai, whenever 
any circumstances occur that have a tendency to reduce the velo- 
city, a certain amount of the heaviest, matters held in suspension 
will \)i! precij>itated; couHeijueutly, in rivers unaffected by tides, 
the lightest matter will be carriwl the furthwit; and if precipi- 
tated, will be deposited nt the oalfalt. The following table gives 
the pi-oporLiooal quantities of matter suspended in some river 
waters:— 
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There are so many circamstanoee connected wltli the presenoc 
of the mechanical malteni held in suspension, that no general 
ruts can be laid down as to the amount that may he expected 
under ceruiin conditions; yet there are some known circum- 
stances, such as increase of velocity, that favour the acquisition 
aud trans |>urtatIon of such matter. Tlie corroding and abrading 
action of water is incessantly re-arranging the strata of the 
earth's cruHC, and geology teaches us that the mtue results that 
are now beitig producea by tho flow of oar rivei-s, in conveying 
the particles of varioas geological strata from elevated tocalitius 
to the valleys or the mouths of our rivers, have been In active co- 
operation for countless ages. 

(To U totUinued,} 
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THE COMPULSORY SALE OF LAND RBQTTIRED FOR 
PUBLIC UNBERTAKINQS IN ENGLAND* 

11. 
7%# Method ttf setUing tht Comperuation and obtaining Potsution, 

Maxt years since, in dealing with so-called prir&te Acta of 
Puli&inent, tbe legislature fonnd bv experience th&t a number 
of proviaiona reffulating tlie finatidal and tmffic nri-ungoments, 
the ex«<'ution of 'workn aud the purcbmne of the requisite laud, 
were neceaaary, both for the piotection of existing interesta, and 
for pulling llie promotere in a position for properly cnrrying out 
the nndertoking for which the aot was obtained. Such provi- 
•ioni, Uierefore, it was customary to insert in every special act. 
In eonrw of lime it further appeai-ed, that in the' majnrity of 
cmnc these special provisions should br identical, aud iu orxler to 
Mcore a cerfiin uniformity, a short time previous to the year 
1646, a kind of model bill was prepared by some of the officers of 
the House, cODt&iniug all the diifereDt clauses which would have 
to be intrcMJaoed, ana agents were desired to adapt the wording 
of their bills to this form, as far as practicable. Tbus a great 
•tep was niB«le in advance; but a private act containing compul- 
aory powers, especially Rtiuh as one for a railway or c«nal, with 
its traffic aud financial clauses, was a very bulky affair, extend- 
fo(f perhapfl to nne hundred pa^es of printed matter. This, 
besides the attendant exf>en!iA, was a seriou^incouvoDtonoe, as a 
Tolame of piint had to bfl waded through to axcertaiu in what 
retpect one act diflered from aoathei', or from what was usual in 
^pumllel cases. In the year 1816, when six or seven hundred 
ailway and other private bills were introdnced, the difficulty of 
inting ibem all, with the various mnendmentsand alterations 
in their passaffe through the House, wonid have been enormous, 
had tbey retamod their excessive dimensions. Fortunately, how- 
er, in the year 1645» chiefly at the instance of Mr. Booth, the 
conusfll ti> the Speaker, several bills were introduced and 
d, baring for Ihoir object the consolidation, into general acta, 
ch group of clauses which hod, until that time, been iutro- 
I into every separate act. The result is that an iuportaat 
iway or public improvmnent act is now only an affair of ten 
a dozen pages, containing the preamble, the special enactments 
I to the constitution of the company, the extent and object* <rf 
uodci'taking, and auoh clauses as under the circnmutauces 
y be necessary in the interest of all parties concerned. 
By aoLiuse referring to them in every special act, sncli of the 
lend acta m apply are to be taken as forming a part of the 
ccial act; any clauses of the general act which it may not be 
intended to incorporate being expressly excepted. 

Oni; or the most imporb^ut of the gt^ueral acts referred U*, and 

lliat with which we have now more particularly to do, is "The 

Lands Clauses Consolidation Act, 1>*45 " (8 Vict. cap. 18), which 

tvaa designed to consolidate all the provision nsually incietted in 

lActs of Parliaiuent relative to the acquisition of land' required for 

fuadertakiugs of a public nature, and to the compenisation to be 

Inade for the snme. Thia act was amended, or lathnr extended, 

in I860, so as to afford further facilities for giving compensation 

hv way of rent charges, and to enable the Secretary uf State for 

War to avail hinuell of the provisiuuti in the pnrcliase of laud 

for the national defences; with this exception the act has not 

I amended since it passed, and all uonipnJRory saJea of land 

now regnlAtc<l by its provisions. Similar general acts were 

sed for :»cotland and Ireland, which differ in some respects 

on those for England; to the last 1 propose to confine myself 

[in the preient paper. 

Although, iu a few instances, such as where the executive 
f ^T^niment, a corporation, ur board of health, ao(|uire compul- 
eoty powers for Uie construction of new street^ sewers, or other 
works for the public bene&T, some of the clauses of the general 
act are occasionally exceptod or varied, it la almost always 
Applied in its entirety iu the case of a special act, conferring 
powers for the convenience or proHt of the promoters themselves. 
It will, therefore, be best for us to deal wiih the general act, as 
it is ufltmllv incorporated with a special act, noting i>uly as we 
pnMseed such exccpttooa aasometimefi occur in the ordinary prac- 
tioe of a eni-vpynr 

The Ij»nilH CUiisea Act not only gives the power to purchase, 
, liQt auables parties under disability, sach aa corporations, 
llefumta in tail or for life, morriod women, trustees, committees 

* Ootttinanl ttam to). awO. p. SI4. 
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of lunatics, and otliers, to convey or rel>>ase lands to the pro* 
meters, which they otherwise would not be able to do. Several 
important questions ai-ise as to the circumstanoet under which 
A person is entitled to compensation, and when it can be claimed ; 
these, however, we will i-eserve till we coneider the principles 
which are to guide us in aacertaiuiug tho amonnt to be paid, and 
for the present will take it for granted that both parties are 
clear in their respective ri;s;ht8, and that the only point in dispute 
is the sum which the claim-ant ought to receive for the sale 
of his estate aud interest. 

So soon as their act has been obtaiaed. the promoters have the 
power, on giving three days' uotic<?, of entering on any of the 
landn for the purpcnte of surveying, setting out the works, 
or boring to ascertain the nature of the soil, &c., on paying 
all the owners for any damage that may be cansed by these pro- 
oeedinga. The Parliamentary plans being generally on too small 
a scale, and got up iu too great a hurry to be depended upon, the 
first step the promoters take is to make very accurate surveya, and 
determine the exact position aud extent of the intended work, so 
that the precise quantity of land i-eqnired may be ascertained. 
The book of i-eference, also, must be corrected, and all parties 
interested in the property found out, no that they nuiy be nt-rved 
with the Dotici* next deitcribod. 

Notice to Tp.eat.— Within the "limits of deviation," as laid 
dowu on the Parli.iroentary plans, the promnters are the sole 
jutlgesof the qtiantity of land they reijuire ; It mintt, however, 
bo taken bond fide for the purposes of iha uudertaking, and for 
no other parpose whatever. This being ascertained, the promo- 
ters are to give to all the parties enabled to sell, a noti^-o (com- 
monly called " the nolico to treat aud agree,") which must define 
ex&eUy the quantity of land reijuired, and Htate that tho pro- 
moters are williu;' to treat for the puruhajtc of the same, and for 
the compensation to be miide for all damage by reason of the 
execution of the works, aud demand from the owner the parti- 
culars of his interest, and of his claim for conijieusation. These 
notices must be served personally on the parties, or loft at their 
last known place of aluxle, or, if they are al>^nt from the United 
K-iugdoni, or cauuot be found, must be left with the occupier ; 
Or if no occupier, then af1ixe<l to some conapicuoos part of 
such land. 

Until the notice to treat is served upon him, the owner is not 
bounrl in any way, but may deal with his land as he pleases, by 
leasing it or otherwise, uotwithiiantling tbe .s|tecial act has been 
passed, and he faai been previously served with the '^ Parlia- 
mentary " notice. Immediately, however, ench a notice has beea 
legally served, tbe position of buyer and seller is established, and 
a oontmct for purchase is assumed to have been entered into, 
the owner cannot vary his interest, neither can the promoters 
withdraw their notice, without eonscnt. There seems to be au 
exception to this in the case of commisHionera appointed to do 
certain things for the public benefit, on behalf of the executive 
Government. 

The notice may be for the whole or for any pai-t of tho lands 
of an owuer, which the promoters are empowered to purchase ; 
and if, after giving one notice, more land m required, they may 
give othora, but a notice may not be for anything iu excess of 
their powers, and an assessment by a jury fur the value of this 
excess would be invalid. 

By sec. 92 it is provided that tbe promoters shall not reqaire a 
person to sell or convev a part only of a honne or other building 
or manufactory, if such party bo willing and able to sell the 
whole thereof This provision has been interpreted very libe- 
rally on behalf of the owner. The promoters may, however, on 
receiving from the owner a oouuter notice to take tho whole, 
withdraw the original notice, and decline to take any part. 

It has been held, with reference to this section, that " a btnue* 
comprises whatever would pass with the grant of a messuage, and 
would include the garden aud all that is necessary' to ibc enjoy- 
tnent of the house, if within one ambit. A mansiou and pre- 
mises, standing on about 1^ acre, were surrounded by a wall; a 
railway company took a port of the garden and orchard, and 
divide<l one part from the other; the compimy were litid bound 
to take the whole. A meodow had been ho'ld for many yean 
under the same lease, with a house and garden on tho opposite 
side of a public road, it was utm^l hy the plaintiff aud his chil- 
dren as a crickeUg round, tbe; a company gave notice to take thia 
meadow, it was held that they could uot be rcf^uired to take the 
house and garden ai»o. One of the lorda justices, however, dis- 
sented from this view. Warehouses tm the opposite aide of a 

7 



: 



m 



21 



THE CIVIL ENGINEER AND ARCHITECTr'S JOURNAL. 



IJUL h !• 



both open oad eoTered dnuiiB, uid js stored id » reB^rvoir 
GApable uf boldiog ISA day** auppljr. With a raiofall of 30 incbw, 
*1 22 of it in stored aud unM. 

M'igMi, in lancasbire, is supplied froai r drniDCige arm of 
2204) Acr«9, aiiiiated on the coal meaaures, which farniMhm & 
■upiily of A00,000 gaJloiiB |ter day to the town, aiid 600,000 
gullous per day bjh oorapoQaation to tiiillowuers. Tbe aapf^y ia 
tnkeo by open chanDela, aud ISO days' coiiBiUDption ia stored. 
With a miofaJl of 40 ioches, 'fl6 of it is used. 

Water Suppttf lahtn frotn Rivtrt and Streama. — Tlie water 
taken from rivera and streams ia supplied by rlraiDage areaa of 
large ezteot. The disUocttou to be drawn between works deri- 
vitif; supplies direct from drainage aruaa, aud froiu rivers that 
receive their supplies from dmioiu^e areas, is this: — In the caae 
of drainage areas all ibe water of a particular district is dealt 
vitb, while In the cnse uf rivers a proportiou only of tbe water 
of A much larger district is taken. When all, or a large per- 
ocutage, of the wat«r of a rirer or stream is required, such works 
mar bo cla^se^l with those taking supplies from drainage areas, 
and will require tbe storing reservoirs aud appendages of that 
class uf works, as in the case with tbe new Uubliu waterworks. 
Gcuemlly tbe water of rivers coiisisls of water falling ujion the 
various geological strat.-;, from some of which it flows off 
directly ; while from others it flows after penetrating to various 
deptbsi and issuing tu the form of springs ; consequently, the 
quality of river water h subject to grvat«r vaiialicu than that 
collected from a limited drainage area, and is, ia fact, a sort of 
mean between tho waters of many sources. 

The Ouw from sume rivera aud streams is subject to great 
rariatioo, as streams that take their rise in mountainous dia- 
tricts, or which run over ioif>ervious formatioua, are often sub- 
ject to freshets, while at other times these channels may be 
nearly or quite dry. It is foiiud tlint the more impermeable the 
district, the more rapidly the sLro^ims swell and the raiufull is 
l-un off; whilst in i>enueabla dislrii-tii the suit retains the water 
and parta with it more slowly. Ilence rivers flowing tbrougb 
audi districts are not subject to such extreme variation of lloods 
or droughts as those flowing through strata of a murti imperme- 
able character. The quantity of wuier flowing off by rivers aud 
Btreams varies wiib tbe season of the yetir, and the physical and 
geological nature of the district from which tho walor is derived 
or over whicli the river flows. The discharge of water from 
rivers is not always proportional to the water shed, but dej>eDd8 
more ospccialty upon the geological character of the district, the 
amount of tbe raiufall, and the season of the year. The pro* 
portion between drainage and rainfall varies in different locali- 
ties. Kxpcriments mado iu 183') upnti dminage areas iD Eaton- 
brook aud Jamiesou BrcH>k vulloys, iu the State ot New York, 
by Mr. J. B. Jei*vis, show that '449 of the total raiD&ll ran off 
by drainage. From tables compiled by Mr. Beardmore, the 
Thames jit Stainofl carries away '1 19 of the raiufall of a district 
lying on the chalk, greeiuaud, Oxford clay, oolites, &,c 

Tlic Loddon carries away '118 of tbe rainfall from a ^-een- 
aaud district. The None, at Peterborough, draining a district 
of oolites, Oxford clay, atnd lias, carrias away "081 of tbe rainfall. 
Tbe Woudle, below Carahaltoo, draining a chalk district, 
cAiTies away '414 of the rainfall. Mimran, at Pausbauger, &om 
tbe chalk, c-irrien awiiy -435 of tbe riunfall. Plym, at Sheepeton, 
from tlie granite, carries away '335 of the rainfall. Uleucora 
Bum, flowing from Peutlund Hilts, carries away '131 of the 
xmio&ll. Tbe proportion of raiu dminetl off by rivera ia not so 
great as ibat which is iuter<.epied aud impuuuded in tlio reser- 
voirs of some works construcU>d tu take their supplies direct 
from dn-iiriage areas; tbe i-eiisou of which is that the water of 
rivers is exposetl to ciivnmslances favourable to the processes of 
absoi-pttoii, eva|K>rAtion, ami atiiiusl and vegetable assimilation. 

Allhougti the pro)>nrtiouiU amount of rainfall couveyed away 
by a river ia not so gi-eat as that whicli may be collected direct from 
a drainage area, nevertheless the cuormoua drainuge areas of 
riviirs reuder them extremely useful for tdtiug supplies of water, 
and it i-1 A fitct tliat the majoHty of Um oId-e3l«Uished cities aud 
towns of this aud otlier cuuutriea have bveu situated uriginnHy 
upon rivers aud stronma of various cajtAciticis pruLahly with a 
view to secure a sudiciency uf water for various purposes, as 
veil as on account uf ibuir fonuiug a highway or road to facili* 
tate the tmnftit of their commodities, or as a protecliuu and 
defeucc from tlivij- enemies. 

One great drawback to the use of water for the supply of 
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towns is its want of limpidity at particular seaaonsof the year, 
which aeoessitates tbe use of special moasures for its pariflo»> 
tion. This want of limpidity is owing to tbe currents of wat«r j 
wearing away the sides and bed of the channel, or Muivvying tba j 
detritus washed from tbe surface of the land from which it may | 
flow. The mechanical matter thus conve}ied by rivers may be 
divided iutc two varietiea, viz., that which is susi^odcd in the 
water, aud that which it rolls over the bed of its cbauutil by tlte 
mechauical foroe of the current. Tbe amount of matter tranft- 
porUnl by a river, under the latter circumstances, depends upoa 
the Velocity of tbe water, the nature uf the bottom of thai 
cbanuel, and the shape, character, and size of the particle 
moved. From ex|)erimeots made by Bossut, Dubuct and others, 
the size of particles ooaveyed by rivera flowing at diff«r«ut 
velocitira ia as follows :^ 

■slarfslBCoine^ llj •tnMD. 
Fins potter's clay. 
Fine sand. 

Ctiuns saod — sise of Unseed. 
FitM gnvel. 

PebbleB— 1 inch dtamstsr. 
Angular stones— siaB of on egg. 

Tlio way in which the porticlss of sand are transported by a 
river ai« interesting, and the examination of a sandy bed of run- 
ing water preiicuts a section of a series of undulations or inclined 
planes. The upsireani side of these planes is very gentle, while 
the downstreaio side is 8t«ep. The grains of Mud moved along j 
by tlie water are forced up the long alofie, aud when they arrir» I 
At the top of the |>laue, fall down the steep side on to tbe foot of ' 
the next long slope of tbe uudutatiooa b«low, and sn tbey ar» 
conveyed along; thus, in some measure, tbe rale of abrasion of < 
tbe bed of the channel is diminished by this action. Tbe matter j 
that is urged along the bed of a channel by the current only ' 
iuflueuoes works for tbe supply of water iu cases where an aocn- 
mulatiun of such m.-itter has a tendency to choke or dimiuisb the 
sectional area of the artificial channels or pipee provided for con- 
veying it, when proper provi^iuu must be mode against it. 

The quantity of matter hold mechanically iu suapcusion in tbe 
water, depends mainly upon the velocity nod specific gravity of 
tliu matter susfwnded. In all coses it will be found that the 
lightest matt«rs are held lougent in aus]>ensiou; and iu studying 
the physical ooudition of rlvon it will be observed that, whenever 
any circumstances occur that have a teudeucy to i-eduoe the velo- 
city, a certain amount of the heaviest matters held in susiwusiou 
will tw prvci])iuited; ooiisequeutly, iu rivers unaffected by tides, 
the lightest matter will be carried the furthest; and if precipi- 
tated, will be deposited at tlie outfall. The following table gives 
tbe proporliouol quantities of matter suspended in some river 
waters: — 
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There are so many circumatanoea oonnected with the preaenoe 
of the mechanical matters held in suspension, that no genei-al 
rule can be laid down as to the amount that may be expected 
under certain couditions; yet there ore some known uiroum* 
stances, such as increase of velocity, that favour tlte acquisition 
and tnuisportatiou of such matter. The corroding aud abrading 
autioii of water is incessantly re-amuging the strata of the 
earth's cnii^t, nnd geology teaches na that the saiue rcsulu tliat 
are nuw being producetTby tho flow of oar rivers, in couveying 
the |>ariiclc& of various geological strata from elevated looalttie* 
to the valleys or the moutba of our rivers, have been iu active co- 
oi>eratiou for coantlMB agea. 

(To U conlinutd,} 
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THE COMPUI£ORy SALE OF LAND REQUIRED FOR 
PUBLIC UNDERTAKLVQ3 IN ENGLAND* 

II, 
Hu Mtthod of MctUinj/ the Compensation and obtaining PoasetMon. 

MA:n' years AUtce, ia dealing with Ho-cftlled private Acta of 
ParliameDtf ttie IcKislature fonud bj experience that a nauibtr 
of proviaiong rejiuTaling' the financial and traffic arrangements, 
Ihe eierution of works and the purchase of the reqtiimte land. 
were necenaary, both for Uib protection of existing interests, and 
for puttiuK the proniotem in a position for properly carrying out 
the Qudertakinj; for which the act was obtained. Such provi- 
sions, therefore, it was cnatoniary to iunert iu every special act. 
Li ooone of time it further appeared, that iu the niajority of 
CMM these special proTisions should be identical, and in frder to 
■eevre a certain uniformity, a short time previous to the year 
19^, a kind of luoOel bill was |>repared by some of the officer* of 
the Houae, oontainiug all the different clauses which would have 
to be introdace<l, nttd agents were deairud to adapt the wording 
of iheir bille to this form, as far aa practiciihle. Thus a great 
■top WW made in advance; bat a private act containing compul- 
moTf powers, es[wcially such ns one for a railway or canal, with 
its traffic and financial claaaes, w;l9 a very bulky affiiir, extend* 
ini; perhnpn to one hundre-i pages of printed matter. This, 
beitdea the attendant expense, waij a seriuuff'inconvenience, as a 
Tolame of print had to be wailed through to aocertaiu in wliat 
TCipeot one act differed from another, or frnni what was usual in 
psiiiUel cases. Iu the year lS4fl, when oix or seven hundred 
r»ilway and other privaie bills were introdncwl, the difficulty of 
printing them all, with the various pmendmeots and alterations 
tn their paiaa^e through the IJouse, would have been enormous, 
had they retamed thoir exce^.'tivedimenaions. Fortunately, how- 
ever, in the year 1815. chiefly at the in.tt.ioce of Mr. Booth, the 
then couhHel to the Speiiker, seveml bills were introduced and 
UBed, having for their object the eonsolidailoji, into general acts, 
' each group of clauses which had, until that time, been intro- 
loed into every separate act. The result is ittat an important 
»ilwa/ or public improvement act h now only an affair of ten 
r ft dozen pa{^ containingthe preamble, the special enactments 
I to the coostitation of the company, the extent and objects of 
nodertaking, nod such clauses aa under the circiimsLinces 
y be necessary in the interest of all parties coiitienied. 
By a clnnse referring to them in every apecial act, such of the 
eoeral acts aa apply are to be taken as forming a part of the 
pedal act; any clauses of the general act which it may not be 
intended to incorporate being expressly excepted. 
One of the most important of the geuend acts referred to, and 
lat with which we have now more pai*ticularly to do, is "The 
anda Clauses Coni^olidation Act, IMS " (S Vict cap. 18), which 
dotigoet) to consolidate all the provision usually JnAeited in 
• of Parliament r(*lalive to the acquisition of land required for 
Bndertakingti of a public nature, and to the compemsation to be 
KUbic for the stirae. This act was ameude<l, or lather extended, 
ld60, 80 aa to afford further facilities for giving compensation 
r way of rent charges, and to enable the Secretary uf State for 
^ar to avail himi«elf of the provisiuus in tjie purehase of land 
for the uniional dofences; with this exception the act has not 
u amended since it pasaed, and alt compulsory sales of land 
now regulated by us prtivisiouB. Similar general acts were 
rnaawd for Scotland and Ireland, which differ iu some respects 
fram those for Eugland; to the hut I propoae to confine myself 
^ in the present paper. 

Although, iu a few instances, anch ns where the executive 

Dvemment, a corporation, or board of health, acquire compol- 

ry powers for the construction of new atraets, sewera, or other 

orks for the public benefic, some of the clauses of the general 

'act are occaaionnlly excepted or varied, it is almost always 

Applied in its entirety iu the case of a special act, cooferring 

wrs for the convenience or profit of the promoters iliKmnelves. 

viU, therefore, be best for us to deal with the general act, as 

is naually iacorpnrate<l with a special act, noting •>uly as we 

proceed xuch exceptions aa sometimes occur in the ordinary pmc- 

llM of a surecvor. 

The Laod^ Olauaes Act not only gives the power to ptircbase, 

enables parties under disability, each as corporaliooa, 

Dta in tail or for life, married women, trustees, committees 

■ CinUuiHd fiMD ml. ufll. p. 114. 
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of lunatics, and others, to convey nr release lands to the pro- 
moters, which they otherwiae would not be able to da Several 
important questions atise as to the circnmstanccs under which 
a person is entitled to compensation, and when it can be claimed ; 
those, however, we will reserve till wu consider tho principlet 
which are to guide ua in ascertaining the amount to be paid, and 
for the present will take it for ^rauteii thai both parties are 
clear iu their respective rights, and that the only point iu dispute 
is the sum which the claimant ought to receive for the aale 
of his estate and interest. 

So floou as their act has been obtained, the pmmoters have the 

f tower, on giving three days* notice, of entering on any of the 
ands for the purpose of surveying, setting out the works, 
or boring tf> aacertain the nature of the soil, &c., on paying 
all the owners fnr any damage that may be caused by these pro- 
ceedings. The Parliamentary plans being generally on too small 
a scale, and got up in too gi-eat a hurry to be depended upon, the 
first step the promoters take is to make very accurate SHrveys, and 
<lctermine the exact position and extent of the intended work, so 
that the precise quantity of land required may be ascertained. 
The book of teference, also, must be correcte«l, and all parties 
interested in the prt^perty found out, so that they may be served 
witli the notice next described. 

NoncK TO Treat.— Within the " limits of deviation," aa laid 
down on the Parlinmeutary plans, the promoters are the sole 
judges of the quantity of land they loquii-e ; it must, however, 
ite t«ken hotiAJide for the purp»ses of the uii tier taking, and for 
no other purpose whatever. This being ascertained, the promo- 
ters are to give to all the parties euablcd t^i itcll, a notice 'com- 
monly called " the notice to treat and aj^ree,") which must define 
exactly the quantity of land re()uired, and ntate that the pro- 
moters are willin^; to treat frr the purchjute t>f the same, and for 
the compensation to be made for alt damage by reason of the 
execution of the works, and demand from the owner the parti- 
culars of his iuterest, and of his claim for compen^tton. These 
DoUces must be served pers/^mally on the parties, or left at their 
lait known place of abode, or, if they are at>acnt from the United 
K'iugdom, or cannot be found, must he left with the occupier ; 
or if DO occupier, then affixcil to some conspicuous {>art of 
such laud. 

Until the notice to treat is served upnu him, the owner is not 
bound in any way, but may deal with his land as he pleases, by 
leasing it or otherwise, notwithstanding the F<|>ecial act has been 
passed, and he lias been previously served with tho "Parlia' 
mentary " notice. InimediaU'ly, however, such a uotice has beeu 
legally served, the position of buyer and seller Is eitAbliahed.aDd 
a ouutract for purchase ia assumed to have beeu entered into, 
the owner cannot vary his interest, neither can the jiromotera 
withdraw their notice, without consent. There aeems to be an 
exception to this iu the case of commiasionera appoiutod to do 
certain things for the public benefit, on behalf of the exeoative 
Govern meut. 

The notice may be for tho whole or fur any part of the lands 
of an owucr, which the promoters ore cmpowcrnl to purchase ; 
and if, after giving one notice, more laud be required, they may 
give othets, but a notice may not )w for anything In excess of 
their powers, and an assessment by a jury for the value of this 
excess would be invalid. 

By sec. 92 it is provided that the promoters shall nut require a 
person to sell or convey a part only of a house or other building 
or maatifactory, if sucJi party be willing and able to sell the 
whole thereof Thia provision haa been interpreted very libe- 
rally on behalf of the owner. The promoters may, however, ou 
receiving from the owner a counter notice to take the whole, 
withdraw the original notice, and decline to take any {lart. 

It bos been held, with reference to this section, that " a house* 
comprises whatever would pass with the griint of a messuage, and 
WQiud include the garden and all thut is necessary to the enjoy- 
ment of the house, if wltliiu one ambit. A mauaiun aud pre< 
mises, standing ou about I| acre, were surrounded by a wall; a 
railway company took a part of tho garden aud orchard, and 
divideil one part from the other; the company were held bound 
to take the whole. A meadow had been hehl for many years 
under the same lease, with a house and garden on the opposite 
side of a pnblic road, it was used by the plaintiff aud Ins chil- 
dren as a crickct-graund, &c.; a t:ompany gave notice to take thia 
meadow, it was held that they could not be required to take tlie 
house and garden alsi}. One of the lords juaticea, however, dia- 
seated from this view- Warehouacs on tho opposite aide of a 
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public roatl were held to bn part nf a mknufactorj, in oonuoction 
with vhi^ Uiey were aw>d. Tbo Lliuriug-cross Railway Com- 
pany recjuired a small cwnior of the garden of St. Thoraor* Hos- 
pital; they were ccmpelled to take the whole hospital and 
preniiBes, together wiLli several reHideuces adjoining, occupied by 
Uie Btirgdous oud oQicers of the hospital. 

PcRCHABK wr Land.— The promoter* and the ownt-ra may 
affree between themseWes both as to the quautity of laud to be 
tueo, and the compeiisatiou to be paid for the same, except that, 
in the case of any party under a Jisjibilily t*» eell, the price to be 

K'd, if it ifl not settled by a jury or by arbitration, muat not b«* 
I thuD shall be determined by two Hurrcyors, one appointed 
by each party, or if they cannot agree by an umpire to be ap- 
pointed by two juetdces* and each of the surveyore, if they agree, 
or the umpire tnnat annex to their vnluntiou a decloratiou in 
writing of ihu correclneos thereof. 

D18PDTBD CostPRNSATioK. — If foc tventy-Ohe dnya after service 
of the notice to treat, the owner fails to state the particulars of 
hii claim or to treat or agree with the promoterB in respect there- 
of, the ninount ii to be oonodered as diflpiite<l, and is to be settled 
in the manner provided by the act 

Muuc ur StrrTi.KUEKT. — If noagreenieat be come to, and the 
amount claimed in nnv i'lmo dues not exceed fifty pouiido, nr if 
the claim.iDt has no greater interest tbnn that of a tenaot from 
year to year, the same is Uj be settled by two juatices. If the com- 
pensation claimerl nr ofTored exceedn fifYy {lounda, the claimaot 
may have it settled by arbitrutiou, [irovided he give notice to 
this effect to the promoters before they have i(»ued their warrant 
forn jury. If the claimant does not ao signify his desire, or if, 
when the matter aii^ll have licen referred to arbitration, the 
arbitrators or their uaipire shall have ftiiled to make their aw.\rd 
fur three montli5, then the question ia to he settled by the verdict 
of A jury. It has been helu that the umpire has three months 
within which to moke his award, from the time when the duty 
devolves on him. 

Pboceediieuh BErURu TJiB JcsTiCEs. — Wlieu the question of 
comiMinsatiou is to be settled by the ju.fticeA, any junticu may, 
on the application of either party, summon the other party to 
appear before two justices ut a time and place to be mentioned in 
the summonti; and such justices may, on the appearance of the 
parties, or even in tlieir atHetice, on proof of service of the sum- 
mons, hear and determine the quesUuo, and examine the parties 
ami witnesaee on oath, and may award the costs of the mqciiry 
at their discretion. 

SuTfLEiiiiKT BT ABBmuiTiow.— In ony case authorised or re- 
qaired to be settled by arbitration, both parties may concur in 
u* appointment of a single arbitnitor; but if they do not so 
agree, each party at the miiiciit of the other must, by writing 
under their hand, nomiuatc an arbitrator, to whom the dispute ia to 
be referred. The appoiutaient is deemed .-(.subniisiiion to arbitra- 
tion; it must be iicliv^d to tlif) :irbitrat<ir, and ii«ithet [Kirty can 
revoke such an appointnieot without the consent of the other. 

if, for fourteen days after a request iu writing hsa been served 
by one party on the other, the laot-me&tioned tail to appoint an 
arbitrator on their behalf, the party making tlie request haring 
him.'wlf appointed an arbitrator before giving the notice, may 
uppoiut such arbitrator to act on behalf of Wih ; and Ite may 
determine the matter in dispute as if he ho^l been appointed sole 
arbitrator in the tii-st place. The death of either party to the 
dispute doea not operate as a revucaliun of the appointment of 
on .irbitrntor; hut if an arbitrator dies or becomes incapable, 
the party appointing hint may nominate another to act in his 
place, and having the same powers; if he fail tn do ao within 
seven days after ntitice by the other party, the remaining arbi- 
trator may proceed and determine cr parte. If cither of the 
arbitrators, where more than one Is appointed, refuse or neglect 
to act for acvcu days, the other may proceed ex parln, and make 
an .award. If when a single arbitiator is appointed ho should 
die or become incapable before making bis award, the matters 
referred to him are still to be settled by arbitration ; but the 
proceedings most recomraeuce de tiovo, as if no arbitrator bad 
been appointed. 

The arbitrators, where more than one is appointed, mu^t, 
before entering on the matters referred to them, appoint, in 
writing, an umpire to decide all matters on which they may 
differ, or which shall be referreil tu him ; and iu cose the umpire 

* A pallM KMCMirs** is th* iBotroftotiun dirtrkt IBK5. kf biniMlf, •!« uty «t 
vubis UtJadadkiUM vUck Uuilboiiwd l« ti« JvMl^ tvvjiutkwoi iLcpMt*. 



die or Iwxxinie incapable, the arbitrators must forthwith appoint 
another iu his place. The umpire must not be chosen by chaneo-., 
or lot ; but when it is agreed that two or more peraooa are &t 
there may bo a seleclinu from these by lot. 

If for seven days after the request of either of the parties to 
the dispute, the arbitrators refuse or neglect to appoint an 
umpire, the Board of Trade if a railway company be one partj 
to the coee, or two justices in any other case, muat appoint out 
on the appltcatiou uf eitlier party. 

If the arbitrators fail to make their award withiu twentyn 
days after the hut of such arbitratore has boon appointed, or 
witbiu such extended time (if any) as shall have been appointed 
by them under Iheir haudn, the matters referred to them moat 
bo detenuitied by the umpire. 

The orbitratorti or their umpire may call for any documeut* 
they may think oecessary, in the power or poueasion of eithari 
party, and may examiue the parties or their witnesses ou oath, 
and may admiiii-tter tho oaths necessary for that pnrpoae. 

Before entering on the comuderatiou of the matters referred j 
to them, every arbitrator or nmpire must make and sufascribM 
a statutory declaration, in a form set forth iu the act, that h»i 
will faithfully aud bnueeUy hear and determine the mstter* 
referred to him, and the declaration is to be attached to the 
award when made. 

The coats of the arbitration, and incident thereto, are settled. 
by the arbitratois, aud are to be borne by the promoter 
unless the same or a lean sum is awardetl than has been ofiere 
by the promoters, in which case each party bears tlteir own 
costs, the costs of the arbitrators being borne in equal pro|Kjr- 
tioos. The arbitrators deliver their award to the promotersaj 
who retain it, but are liouud to produce it at all times to thu 
other party, aud to deliver u copy thereuf forthwith on demand. 
The promoters oau be compellc<I by mandamua to take up au 
award. The submission to arbitration may be made a rule of 
any uf the superior ojurto, an application of either party. No 
award under the provisiun« of f liii act cau be aet aside for irre. 
gnlonty or error in matter of form. 

An arbitrator can only give a compensation in money, and 
cannot direct approachr-s or oominunicali>iu« ; uor has he power 
tu apportion rent where pact only of leasehold premises is taken. 

P. 
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THE NEW WET DOCK AT LEITH, 

By Gborue BoDBRTsotc, t-.E. 

On looking book at a paper I read to the Royal Sootttah Society 
of Arte in September 1^61, entitled, ' A description of tbe Re- 
clamation Embankment for the Xew l)ry I)ock xi Leith,' I find 
stated that one of the rea-sona which iuduoed me to give tfaofej 
description, was a belief in the great importanoe to the inhabiuj 
auta of Leith of a step which reclaimed for usefid purposes even 

acres of tbe large tract of annda lying uueuipioypd iu front ot » 
town which sutlers from narrow streets and orowilcd dock accom- 
modation. Although it ret[uired uu great spirit of prophecy to 
foresee that such a sUit*^ nf niattcra cimld mn much longer exist, 

1 oei-tainly did not anticipate that, before that time ue.xt year, 
the plans would be deSuitely settled for giving life, energy, and 
value to the east aands of Leith. 

During the last few years, the great increase in the import of 
com, as well ait the general prosperity of the trade of the port, i 
more espeeiallv as carried on uy steamers arriving and soiling acJ 
Hxcd periods, have taxed to the utmost its dock oocommodattuu. | 
Tbe increasing size and draught of vessels require aleo a greater 1 
leugth of quayitfe in deep water than the limited stxe of lh« 
Victoria dock anordn. When such a state of thlngB exiata in 
any port, it becomes imperative for its guaTtliana to provide for 
the future, if they do not wish to see their tmOic decline. Bat 
at Leith, it i» eupeeially necessary to be in advance of the re- 
quirements of ahipping, as the neighbouring harbour of Grantou 
offers, at least, deep water, though hampered with the inconve- 
uieuoe of the rise and fall of tide to which the trade is exposed! 
in an open harbour. This may not be seriously felt when thai 
rise of tide does not exceed 6 or U feet, as at Glasgow and soomI 
other harbours; but at Leith, where it is 18 or 10 feet, tbe conve^* 
nience offered to shipping very much depends ou the extenb-of 
wet dodc oooommodatiou. 

In April 1862, the Commissionera instructed Mr. Bendel and 
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myself to a report jointly on the aJUlUooal acoonunotlaUuu r«- 
uir«d, and a report and pUii were accordingly pnp&red of vhat 
'O toDstdered the beat oonrse to be adopted, both with regard to 
present available meani, and the future probability of uxten- 
This plan wma approved of by the duck commiiutioa, who 
• pqi themaelvea in the oeoewsarycoiumuuication, first with 
tfatt Board of Trade, and then with the Public Works Loan Com- 
■uaaton* for the purpose of obtaiuing a loan for carrying out the 
demgD. The luau cotnmissiouerH fuTlowed their usual course of 
Modiog down an eaglnosr, io this case Sir. Heardmore, to report 
thttn on the proposed pLani and on receipt of his report, signi- 
d Ibeir willingness to grant a louu of xi!33,0O0, upon certain 
terms of interest and repnyment 

The Lords of her Majesty's Treasury, who appoint five of tlia 

ith Dock commissioners, have also signified their approval of 

plan, remarking "that they were satis6ed that every eudea- 

r had be«u made by the commisdioodrt} to provide increased 

immodatiou in ilie tuanuer most cuuveoieut and advantageous 

to the commercial interests of the town of Leith." 

Daring ihe lost half century ihc dock accommodution of Lcith 
fcu been reported on by many eminent engiueei's. Mesartc 
lis, Walker, Bobert Stepfaeniton, Leslie, &&, have all had their 
ions views on the subject- but nines the dat« of the lost report 
was before the construction of the Victoria Dock, and the 
tension of the two piers into deep water), circumstJtnces hare 
iderably changed. The f xleuHion of the fast and west piers 
9 feet of water at low water of spring tides, with a chauuet 
between them up to the Victoria dock gates, settles the queatiun 
of how the future docks are to be approached. It makes it uq- 
tteoesaary now to consider whether they should enter from the 
«aat or from the west, which was an open tjucslion when there 
uo deep-water channel at all. No bolter approach could 
be economically devised than the preseut harhour, the depth 
in which is easily kept up by the dreiiger, and which there will 
b« so difficulty in deepening for the moderate amount required 
far the new dock — viz., an average of IB inches throughout the 
whole channel. 

The qaestioa as to whether the dock itself should be built on 
the eadt or on the west sidu of iUk harbour, wan a more difficult 
one, aud required much deliberation, us the whole system of 
docks has hitherto been on the west side, with the exceptiuu of 
the Prince of Wales dry dock, lately built. Upon examining 
iatD Iho chief reasons for this preference, when the old doclu 
were bvUt by Beanie in the early pari of the century, it was 
fband tliat their position was settled very much by the level of 
the ^ boulder clay/' which is higher on the west th;tu on the east 
aide of the harbour. When Rennie rejKirteil in 1799 on the oou- 
Btnictiou of wet docks at Leitlt, his attention w.ts lirst directed 
(0 the east side. "A dock there," he says, " has the peculiar 
advuitAgo of lying contiguous to the dwellings and warehooKcs 
of the principal merchautu in Leith, and of course will not only 
save some ux|K;iuie in the carriage of goods to their warehouses, 
bat eualilc them to bestow a little more of their time in inspeei- 
iug the loadiDcand discharging of their cargoes." lie also men- 
tioned its capiUfility of exteuston to any degroe, along with other 
advantages. The principal iuducemcuts which made liiui, not- 
withitanding, prefer the west side, appear to have been that he 
IMold «ave 224,000 on account of the clay od that side lying at 
a more favoarable level for the foundations of his dock Widls; 
ud thAt the thickness of overlying sand on the east skle made 
the constraction of a sea-wall there more expensive and uucer- 
tain. He therefore recommended that the docks should be built 
on Um wast side of the water of Leith, aud they were acooi-dingly 
built there by him several years afterwards. 
The Victoria dock was also built there about 1850. At the 
it time, however, the principal diaadvantages of the east side 
tonger exist, white the .vJvautages remain the same. The 
el of the "bt^ulder clay," which in Rennie'a time was too low 
for the foundations of the walla then required, now salts admira- 
bly, when it is necessary to have S feet more water ou the dock 
cill. The oonatmctioa of a water-tight embankment U(>0 feet 
loo£ upon the east sands, for the redanuktion of the ground on 
which the dry dock has lately been built, proves that an outer 
aeib-wiill down to the clay is not necessary to turn the water; ao 
thftC the two principal engineering objections to a dock on the 
caat sands are now removed, leaving us fruu to turn to points in 
its favour; aad indeetl, rcudering the position of the new docks 
TVry much a matter of which side is the most coDvenient to the 
■icriAaBU and the trade of the port. On this point, I think^ 



there cannot be mnch doubt. The principal merchants' offices, 
tlie corn exchiLUK«i the hauks, aud moat of the chief centres of 
business in l^iln, lie on the east side of the harbour, and of 
course most conveniontly near any docks there. Although the 
custom-house is itself on the west side, yet it is absolutely 160 
yards Deiirer to the coruor of the proposed new dock ou the east 
sands, than it wuuld be to any dock which could be conveniently 
built to tlie west of the Victoria dock. Indeed, the custom-house 
and dock commiBsiuners' offices will be ni'srer to the new dock 
than they are to any point of the old wast or Quoou's dock. In 
point of convenience to merchants, therefore, there can be little 
doubt which side is beiit ou the whole. 

The North British railway lies most favourably for extension 
round the now dock, while commuuicatiuu is also kept up with 
the railways on the wfHt, by the drawbridge over the harbour. 
The main street of Lelth, Constitution -street, which is the finish 
of the great road fiom Edinburgh, will be continued right up to 
the enLrance gates uf the new dock, and will form an admirable 
approach to iL Were a dock to bo placed on the west side of the 
harbour, seaward of the present docks, it would be dependent 
upon their approacheo. Any stoppage in them, from excess of 
traffic or the drawbridges being open, would interfere with the 
new dock traffic. It is very desirable that every dock should 
have its own proper and tadependent approaches; and as a gene- 
mi rule, it is advHntHg«ouft to spread a system of docks along the 
front of a town, both for the sake uf independent approaches, and 
to render valuable as large a frontogu of the town as possible. 

The trade of I^ith, especially the timber trade, is one which 
requires gre-nt S}nicq uiid wide quays; aud the east sands offer a 
wider area above the level of half tide, than could be gained on 
the west side by inclosing the aliure down to low water. Tbey 
art) therefore more cheaply reclaimed, acre for acre. 

There are other advantages which might be enumerated in 
favour of the east sauds^ but enough has now been said to show 
their value for dock purposes, aud we may turn to the points in 
favour of the west side. The principal ones arc, the proximity 
of the Caledonian railway, now in course of coniitructiun, and tlie 
existence of the present docks and waiehooses ou that side. The 
benefit of the C'alodouian railway on the west is fully balanced 
by the North British ou that aide. The warehouses at present 
uD Uie west side ai^ not. in excess of the requirements of the 
existing Jocks, and new onca would have to be erected in either 
cose. The establishment would also have to be increu^ed, even 
if the new dock were to be built adjacent to the old ones. A 
little, however, might be saved on that head; and that small 
saving is about the only tangible argument in favour of continu- 
ing to build on the present lite. Centralisation has its ad- 
vantages, but ifr is possible, as has been shown, to have docks 
so cloae together as to cramp their qnavAge, and block op thejr 
appnaobes, 

in designing the works now contracte<l for and about to be 
commenc^Ml, it was deemed desirable to think of the future, ami 
show how the dock accommodation may be exteude<l by adding 
an additional dock to the east of the new one. One dock is, 
however, all that is at present being coostructed. 

About 3G acres of the sands are to be reclaime<l by an em- 
bankment 34SO ftfct long, in a depth of water nowhere exceeding 
13 feet. T)iis 1>auk in to bo somewhat similar in character to the 
oneinoloAiugthedrydotik,and which in aformerpnper [have fully 
described. It la to consist of a massive wall of dry rubble, faced 
with pitching, and backed by a wall of clay paddle, and common 
fiUiog or sand. The chief difference between the two banks is, 
that in the new one, the water-tight puddle wall is to be oou- 
tiuaed down to the boulder clay by a row of cast-iron sheet 
piling. The pil« ai-e each to be 3 feet broad, I inch thick, and 
an average length of 12 ft. « in.; tongued and grooved into each 
other so as to make a tolerably tight ht. The reclamation bank 
for the dry dock had timber sheeting piles i» inches thidi, which 
were somewhat troublesome to drive throoeh the wet annd. 
The coping of the bank is to have a strong timber parapet fence 
erected upon it as the work proceeds, both to keep olf the heavy 
spray of the sea in gales from the north-east, and to form a 
boundary fence for the dock property. At some future time, 
when the bank has settled to iU bearings, this can be replaced by 
a masonry wall. Two iron sluice pipes, 3 feet in diameter, with 
proper shuttles, are to be laid through the bank, for the puruoee 
of tutting out the water which may be inclosed when it is shut, 
as well as the drainage of the saturated samls. After the com- 
pletioa of the dodt, one of these pipes will be taken up, added to 
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the ioner end of Uie otber, and carried through the north «'alt of 
the dock, for the purpose of fiUitif; it giiadually from tho sea, aod 
tcstiog the gates. Within the area eo]DoIoe«d, it is inteuded to 
construct a vot dock of I0| avres, vith wharves roand it of 
SOO feet wide at the least The total qunyoge will he 3040 feet 
long; the length of the dock beiug 1100 feet, nnd the breadth 
460feoL 

Tho entrance lock is to bo 250 feet Jong by 60 feet wide, with 
a depth of water on the cill of ^6 ft. 5 in. at high water of spring 
tidea. This ii 8 feet deeper than the old dock cill, and 2 feet 
deeper than the cill of the Victoria dock. The advantage derived 
from tlicse extra 2 feet ta very f^rcat. Ou ou avcraigc there are 
108 tides every year in which the depth on the Victoria dock cill 
is loss than 20 feet. On the new dock cill there will be only 
serco, or less than ^^th of the present number. On the Victoria 
dock cill there are only 102 tides iu the yenr giving 23 feet and 
upwards, while tlic new dock cill will have 31)6 tides of !^t feet, 
or four times the present number. This depth will prevent any 
possihitity of a vessel being neaped, while it will enable most of 
the stcjuuera trading to Leith to enter or leave the new dock at 
Any time between h&lf-flood and balf-ebb. The depth of water in 
the dock itself will bo 28 ft. 5 in., 3 feet more than on the 
otitnuice cill, to allow of the lock gntes being kept open for nuiue 
time after high-water, without any risk of a vessel grounding 
in the dock. 

The lock Ir not to open directly from the harbour, but from an 
onlrmtice bosiu of about two acres; hecaitse the outer Imrbuur ts 
fto narrow ns not to admit of the operations of locking and 
tinlocking being conducted in it, without seriona inconvenience 
to tho shipping resorting lo or leaving other parts of the port. 
The lock ^tes are to be made of creoeoted yellow pine, a timber 
obuinnble in Ijeith of large scantling, with the exception of the 
heel and uiitrc posts, and Uiree bottom beams, which are to be of 
grconboitrt. £acb gate is to have a sluice in it for keeping the 
entrance and bottom of the lock free of mud. The beams are to 
Ik trusHfd by iron rods inserted between the timbers, in a some- 
what Himilar manner to those in the Victoria dock. The mnchi- 
iiery for opening and shutting the gates, as well nsthat for llftiuff 
the shuttles iu the tilliug culverts of the lock, is so nmioged that 
at any lime liydniuliu machinery can be applied to it, without 
intefcringwith iho iraflic through the lock. It is also so arranged 
that no crabs or winches will appear above tho level of the quay. 

The dock, lock, and basin occupy 13 acres of the 30 inclosed by 
the l>ank, loa>'iuga toul wharf^e of 23 acres, with a frontage of 
18O0 feet towards the town. There will be a new road, 60 feet 
wide, outside the bonmlarr wnlls of ilie dock, running from end 
to end, with ooinmuuication approaches from the shore of Leith 
at the wedit end of Tower-street , and Constitution-street at the 
east end. Between ihi.i new rn»d and the town there will be 
aorae four acres of v.iluabic grouud, suitable for building pur- 
poses, which are at pi-esent leiuod to merchants for the stomgc of 
timber ntn nuuiiual rent. 

The contract for the lutnk, and the excavation, masonry, 
nmchiDcrv, &c, for dock, lock, and liaHin, has been let to Mr. 
T\'illiam ^ott, of Kilmarnock, for .£189,285; hut the total cost of 
the dock, when complete, with the requisite cranes and sheds, is 
estimated at £224, -^tOO. The entire area of the property belong- 
jug to the comiiii»9iun, avaiKiblo for dock purposAs, will be at 
once doubled by the coii-tilrucuon of these new works, whinh will 
not only keep pace with the requirement-i nf shipping, but will 
certainty tend to promote tlie further development and prosperity 
of tho trade of Leith. 



A TrmttM on Strutky Chimnejfn; tMr Cure atid Prevmiion. 
By FoBDEBicx howARDS, Juu. Loudon: Bardwicke. 

"Hiat honest carpenter, Adam Bede, leu fly at the architects of 
bis day a shaft which aeems carefully made, and somewhat sharp 
m the point lie says, "The most of 'em don't know where lo 
aet a chinmey so as it shan't be quarrellinj{ with a door." His 
exrierience of them was possibly limited, and not of the beet; 
let utt hope th:)t the compensation which ho had for his early 
troubles includctl a complete immunity from all complaints of 
caatomcr-< on this narticulai- score. 

The chimney and its belongings constitute a delicate and some- 
.*K-hal complicated machine: below, it is affected by the poeilioua 



and aspects of doors and windows, and above, br the heights of 
roofs and towers; it has, besides, to enoonntor the opposition of 
other cliimneys in the same house, and may salfer from all these 
causes, in addition to any demerits that are its own. Probably, 
by far the ffreater number of chimneys act well, or iu a manner 
that by habit has become tolerable to us; where they fB.i], the 
ranses of failure are difficult to trace, and in constructing new 
chimneys, no great pains are taken to adopt preventives which 
may never bo noedod, and would v(?ry likely bo ineffectual. Yet, 
to design a chimney without due regard to proper rules, to con- 
struct it in a careless manner, and to Bt it with stich a grate as 
chance may provide, arc so many methods of inviting one of the 
greatest nuisances possible in a house. So, when any author pro- 
fesses to lay down rules for our guidance, he is likely to find 
willing bearers; hut as tho subject has already been handled very 
many times, we are entitled to deoiand that bis rales shall b« 
drawn not merely from theoreUcnl notions, but from close and 
intelligent ohBervation of chimneys, both good and bad. 

Mr. Edwards meets this demand in both kinds; ho brings 
practical knowledge to bear upon his subject, gives good scientific 



reasons f:>r the failure of fiucs to act properly, and propos 
remedies for particular cases of failure. lie gives rules for ti 
construction of new cbiniueys, as well ns for the reformation < 



old oSenderv; and we must any that his rules are generally cleax 
and reasonable, and his remedies such as give fair promise of 
success. 

Apart from such causai as an insufficient supply of air and the 
disturbing action of other (ires, the failure of a chrmuey may be 
due to defects in any one of three several parts — in the pjirt im- 
mediately above the fire, in the flue itself, or in its termination up- 
ward, where the smoke idusc make its exit from the honse; these 
parts should be in due pro|^K>rtion to each other, and to the room 
to which they belong. The lower part of a chimney is usually 
made much too large, leaving room for a large rcser^'e of cold air, 
which mixes with u\e amoke, and cools it so as to cause a slnggi^ 
current in the fine, and if the fire is kept up so as to heat this 
l)ody of air, and the flue is sufficienUy largu to carry it off, the 
draught from doors and windows becomes unpleasant. In late 
years the size of this poi't of the chimney has been much re- 
duced ; but workmen need to be carefully watched, as their 
habit is to follow the old and bad system in this particular. 
Flues, also, are frequently constructed of an excessive capacity: 
in ordinary cases, i> in. by 9 in. is an ample size; through such a 
chauuel the wanu air moves briskly, and tliere is a Kniall deposit 
of soot. The chimney-top should be carried up boldly, ko that it 
shall stand out clear of all currents of air cauftod b^ high roofii 
and towers. There arc in this pamphlet some illustrations 
showing the right and the wrong course iu this respect, and the 
question of proper miuuis of exit for smoke is discDBaed, with 
special lefciYUce to recent inventions. 

Coming to the pi-nctical treatment of an obstinately bad chim- 
ney, and supposing that it is nut cracked so as to admit the cold 
air, nor yet stopjieil up with rubbish, there are fifteen probable 
causes for its failure, each of which, with its propsr remedy, is 
here discussed. If our author does not tctl us bow to detonuino 
the true cause at once, it is to be understood that ho does not 
pntfesa to make the cure of a smoky chimney so simple a matter 
tltat the exerci.se of intelligent observation will become super- 
tluous. The subject must be studied by the light of bis treatiie, 
au extract from which will show his armngement of these causes 
and their remedies: — 

Pirat IHrition, 

Chiiun«yB thnt smoke in DJDsequcaoo of a desconding eun«ai exiitini^, 
ur being imiduccd in the chimney. 



CAURES. 

Cause 1.- From a fireplace be- 
ing too open. 

Cause 3.— From the doors and 
windows of a room being fitted Vio 
doiely. 

CauMo It. — Frum firei bong 
llghte^l in two or three adjoining 
room.1, which are ioadequataly 
■nipplioi with the air required by 
tho gratoi iu uw. 

Cause 4. — Frmn a chimney be- 
ing very ihort. 



nEUKntin. 

To contract the aae of the fir»- 
placn, or iim a rontraoted grate. 

Tn nupply air by meaoa of doors 
and windows, or- by means of a 
Bpccial supply near to the fire. 

Tu oijntmct the opening into tl,* 
chimne^-n. To give an ati'lilionst 
supply uf air. To nae gratefl thnft 
will not allow much ur to t^tccoA 
the chimneys. ( 

To uite A cofltractod gmtt: with U 
blower. Ti> reduoa the height it! 
the fire-place and the siae of th I 
chimney. To lengthen the chimney . 
To reduce the opening into tb i 
chimney at bottom and at top. 
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Cmmo 5. — From » cTiiraney To improve the construction of 

bdog ntUftliHl in ftii ext«mKl wnll, the (^hituiiejr. Tu iiue n very coa- 

and not bctni; tufflcienily protvch-ol lnu;t«d ^nXv. Tu ruJuce Lha i>poU- 

aninal Ous aatiou of the extcnul ing iutu tbu (.-hiuiuvy at bulloiu 

•&• khiI lit l»p. 

(Jtttu* 4. — Kroin • chimony be- To imprnvo tho coBstmotioti uf 

tnt; ex}io«e4 ua twu or three cklcH th« chimacjr. 
to thff lution of air; the firpoHcd 
brick-work not being Kuffioiently 
tkok. 

Gkom 7. — Froo) % \ovr chimney To aapply th« hoiue Mid room 

bring in eoaaection with a rwim libenillv with air. To fit ti|^htly tha 

adjiunnig *. bouM or bunding in duor of commnniostion, or to use 

which the air baootHM ran&«d. double doors. To a«e « ooiitncted 

?-kte. To heighten tho chimney. 
u reducu thu tiis of the chimney. 

CwtM 8." Froina Jowncunrnt TiJiiijpiJv tho room properly with 

in « fir«-piAC9 brifij^iii^ muokc fruui air. T>i u*x a carefully fitted n^u* 

Ml 4djoima^ I'hiiiuicy. latiir to tha chimtwy. 

Sdcoiul DivUion. 

Chunntys that Buaka in oooMK^nenne uf a detoout of wind. 

CAt-sn. RKiiuireL 

CftDW 9. — Fnvm the ttip of a To betehten the chimney that its 

yhiiapffy buing ntoatcil below u top may oe abovu the loaroa <rf ob- 

[lilehed roof. etruotloo. 

Caoaa ll)_Pp)m Ibo top of a To beighlan thachiiunoy. Touse 

«hiDUM>y being aituittod near to a ftSimpla proteoltan aa Fig. 13. 
lomr, or a aimilar ■ouru) of ob> 
•miction to tlw wind. 

Canae 11.— Fmia a ahnrt diira- Tn hcti^litMi the chimney. To 

anr bciiv coclueed on three nr four put a simple prf)tectioQ at top. To 

MM by ttifh contiguoiu obiumeyi. use the muet oouUiw:t«:d grntea. ADti 

BUppU air 1j4:1(iw in moderatv ubuu- 
tlanco. To mhire the suce of the 
chimney or Oio extremitie*. 

Cwiae 12. — From roonu with To build thtt chimneys of the ex- 

■bott obimoein being situate) \»- tmne height of the innin building. 

tWMQ the main body of a buildiuf; To uaa the remedioi imUcat«d for 

anij a oonnj^uoua emineacw. «tuae 4. 

l-'atue I.I.— Kivm cluiuneys uf To heighten the chimneys. To 

OOD hnusr twing lower ttum tliow put a protecting roof, aa Fig. 13 

oE tnw anljoining. or 2*2. 

Chlm&eya that amohe tn cooiequeDoo of their being too mull. 

CAL'ttXS. RCMKniKi^. 

Cause 14.— Frum a ohimney TouneagratH tliat will allow a 

too small for Ihe firegrate miuinium <[uiuitity uf air tu atcend 

tho ehimucy. To reromtnict the 

chimuey. Tu use n tUive. 

Cause l.l, — From two fireplaces To use wcU-coutnictud grates, 

Isiag usdl to one ahiniuey. with cumfully fitted regulators. 

To aopply rooms sufficiently mth 
air. 

The pnrt of this treatise which will most interest .irchilocts, is 
iIlic oti the bailiiiug uf uew chiuiuey«, fur which we have these 
rulM: — 

Hult* 1 . • To use grates nf a contracted form, fitt«d with proper regu- 
lator*, and tri avoid grates with hobs. 

Hale :;.— To avoid littiu;,'' doon and windows in aa to practically sx- 

lulr- fr«-li &lr fpini a pmih; or to give a 6pi.Tial siiptdy ut lur near tu a 
K, iu euiHciont qunutity, for which particulani bare ahvady been 

[Rvla 8. — To huiM chimney- vtocki, in all cases, w high as the highest 

of the roof, and to t^roiiiiate them by chltuney-pots, or by Mr. 

DiSff's diviiion ]>it.-ee. 

itvle 4. — To teniriiiatu a ohiinuey-Htack byaprojoctlngraof, as Fig. 13 

<*r iU, wb«»rver a iHiilding i» tower than an adjoining otie, or wbenevor 

the <diimuey-Htuck of one house is lower than a oontigiioui one uf a 

'sMiac ailj<iimng. 

Ffiitle .'j. - To tiuihl all chimacyi that un eiposed on one side, or more, 
t B-iBnh brit:kwork. 
Ktile 7.— To build all short chiameys nf smaller dimtntiionfl tluui 
Nin<: inches ljy 44 Inches am nulCcient fur ordinary attic fira- 
|muI lalMiursn' cirttxtfea. 
k 7. — ^T<i conatruct Me fireplace of a low chimney not exceeding 
UlsdbM in btti^ht. 

ItuU A. — In (^ iri^bniriing ntt extra nxim with iiumeilLutu couuuunioft* 

t^"" '^ ' - iii*in (iiiildin^; to liuUd a gooi chimney, if {KiMiblc, agaiutt 

^ ' "It;, and UTiuiiiaU; it ui by Uule U. 

•■•litiu It is iiii{irALticalile lu Wild a lofty uhimney against 
Ubr uiam buUdlug, to cuiulriict tho ebirunev no larger thau uitply suHi- 
ciHit: to UM) a cuiitractcil gratv* with a Uower; to bcild the chimntfy as 



high as may Ixs convenient; to oonstnict a lowfireplace; to give a special 
supply of air near to the ilie; t*} pLkce a protectiog roof ui the chimney; 
and if ihu air at thu housu or building' is likely t<> bo genemlly more 
rarefied thau tho air in tlie a'hk-'l purtiuu, to lib tightly the door of ooiii- 
munication, or construct a double door, 

See'iD^ that chimucya for conl fires have now b*»eu built for 
over twu haodrml yean, it is titne th.it tho iiuis&Dco of amoky 
ohiuincvH shoubl be ooi:nuered by experience: to thoM who 
satTer from, or would avoid thcui, this treatise will be a naeful 
guide. The author has wiaely remerabered tliat *' llmtf i« money," 
ami liBVJDg given hiaviewa dearly, and with coiuuieiidablo brevity, 
auppleraeuts hin text with a sathcieut imaibcr vi plates ilhistra- 
tivti of coursea that aliould be t'ullowed, otiU of some that il will 
be well to avoid. 



Emmpkt of liuUding Construction, iVb. 74. Simpktu & Co. 

Tub Dumber just issued 1:1 eiuineutly caloolated to snataiu the 
practical utility of tlii^ work; the suhjecti are quite equal tu 
lliutu) we noticed In the htJit part approviouly. Plate 53, a 
apirelet betouj^tig tu Llundoga Church, MoaDioullishIrr, by 
J. 1*. Seddua, and Plato 04, details ('( ooe of the giilleries io St. 
Georf^e'a Church, Campdcn-hilt, desigued by E. Bnssett Keeling, 
with iLa supporting iron uuluiuus, are both deaerviuguf iuvesli- 
gntion, OH snuwin^r some {K/iulu of nuvelty iu Ueslgu and coa- 
atructiou. 



WAREHOUSES, SOUTHWARK STREET, BOEOUGH, 
LONDON. 

(With «n Euyraving.) 
TiiESB buildings, ilhifitrattxl by the nooompnnying engraving, 
stand nt the curDer of the new Mlreel ctiuuectiug Hl:ickfriarti witli 
tlie Horuugb, receully made by the Meti-opolit^m Board of Works. 
Tliey ware erected for the firm of Messra. Wigau aud Cosier, 
the extensive hop-iaerchanta. The group consiata of three ware- 
houses, each six atoreyd high, a reaideoce for the person iu 
chnrge, and a large courlyui-d, entered fnim 8<>ulhwark-street 
aud Ureat Gtilironl-slreeL A ooiit^idc-rabl!; puriiuu of the court- 
yard is cuvere<l wiUi glass, curried by a wrought-irou roof 6U feet 
highi beiiealh wliich eight or ten wa^gona may load or unload 
in tlie moat unfavourable weather, htch warehuuAe in of tho 
full cuhiod conL«tilfl allowed by the Metropolitan tiuildings AcL 
Two of iLe warehunBc* eommnnicaie with each other, and they 
are aepamted by double onrrugnted-inm diwrs. The luopholes 
in the ourtyanl are nimilarly protected by sheet-iron doors; 
theue are hung iu cnat-irou frames througboat. The cUuins to 
the daps are carried by platea built into the wall, ao that the jar 
which ia giveu to the brickwork by woixleu frames is avoided by 
this arrangemetit. All the wiudow-frnmes are of cast-irou. Tho 
Oooni are Qurieil on iron alancheon?. aud all the loophole cells oa 
iron ginlora. The blow on the bulfers of jiba is received OD a 
spring phito of iron on the iunide; all vibration of the brick- 
work haa been av^uide*! a^ much iu iKtasible. As South nark- 
street will most proliably become one nf the princi|)al metropo- 
litan alreet^, the Hrchiiect haaeDdenvoured to reader bia building 
worthy of its position, and has avoide<l, iu a great nieaaure, tho 
uusigbtliucaa which generally characteria(>a buildiogj of this 
class, by a judicioua display of rvrl, black, and malm bricka, 
cut aud uiuuldud, iutrodiicud with the picked stocks which com- 
po;te tl:e facing. In the cornice and strings some orDumeuUd tUes 
have beeu atlvaiitngeously employi-d. The frontage ^howu iu 
our elevation, which ia drawn to tho ^th of an inch scale, ia 
107 ft. in., aud that in Ouilfunl-street. 108 ft. 6 iu. Care has 
been taken in the coustrnctioo of these warehouses, that ootvith- 
BtaudiDg the stowage of bo|t« waa mainly considered, th?y might 
be e'lually well suited tu watehouse heavy goods, aa aogar, corn, 
&C. The works have been moat subsumtiully carrieu out by 
Menra. Uyen and iym%, under tho direction of the architect, 
Mr. R. P. Pope, uf King'a-rosid, Bedford-tov; aud the clerk of 
the works. Air. Walter Scattergiiod. 



A Chimney, about 100 fijet high, eomprisiug 90,000 bricks, anil 
calimaled to weigh over "IW luuf, was recently moved a distance 
of IW feet iu Worcester, Massaobusctls, withool breaking a 
brick. 

a 
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THK CON-STRUCTION OF THEATBJSS. 
At tlie raeetiog of the fioynl Iiiiriitut« of ErUiHli Arcliitect»» 
00 the 19th ulL, a (utper on the const ructitm of tlieatrea woa 
raid by Mr. A. WarinfjLon Taylor. After a few introduclorj 
remarks on the ai mnge uicnl niiJ conslrncliou of nncieot UieftlreB, 
itr. Taylor remarkeJ ihnt the fiesigning nf n theiUre waa not i»o 
diflicuU M it mightoppear, or aa ii hiu ^'pu trolly Iwnn considerwl. 
It requires, he said, uotie of the liijjliL-r fAc-uUioa «f the architect 
— viz^ a poetical wtilinient. A tlieatce i» ascd only for a few 
hours ovci-y cveiiini,', and very (ev Iwyood the HremaD, ball-por- 
ter, and housekeeper, live in iL In iUt inU-Hor arranjjemput it 
in DO way apixula to nnr dnnicstic w^nta or habits, neither is 
there any iwnse of home in it, as in n domcttic dwelling, where 
the architect has scope for the exercise of his ima|rinaiion, in 
Ada|)tiuf; the arnmgenicnts as to creature coinfurls in a tnauner 
plenaing lo the eye; whereas a theatre olfers none of these. A 
lhe.\tre is purely a piece of practical arrangement, which the 
greater part of the world never see or care to understand, 
and they are armngcments which arc only rerpiired at certain 
honni, with no ties on oar feelings like t^e amuigeoienta of & 
bouite. 

Mr Taylor then referred to the arrangementa of Continental 
theatres as cnntnuted with those io thin country, where the nu- 
ilienco was divided into two clavses — viz., the o[iera audieucu, 
and the playliouse audience; a differonce, however, which ia Cut 
pausing away. The plans for providing coovenient mmlevof eut 
and entrance was next dwelt upon. He oonsiilered it to he a 
chief jHJiDt to have as few entrances, and as many exitf^ ajs pos- 
■ible. People, ho said, <lo not come to a theatre very euddenly, 
bat by liegreo*; but in cxvi of any sudden alarm, by fire or 
oUierwise, the means of quick escape should be »hundautly pro- 
vided; and he allnded to the broad, long gallery Htairant Covent 
Garden theatre as a good arrangement, nerving a double purpose 
— y'lLt of stairs and waiting-hall, hi the ciue of the exits, he 
•Aid, whenever two pAAagps meet, the passage uliould be double 
the size, in oiiler lo let the double crowd pass easily down. The 
pasBages and sUtreoAes Hhrndd he direct, so as not to give the 
nndit^noe a cliance of chrioaing by which way to descend. In the 
new npera-hoose at Paris, this armngement ho cunsidered very 
defoctice. A proper " cru-jh-room,'' he said, should be provided, 
and above all, tlie pit exit clear from that of thv buxes; if pedes- 
triunn can be let nut at the side of the theatre, and the front 
kept f>r oiTrinffea, so niitch the better. Proper cloak-rooms, with 
water runveniences, &o., are all neecwary adjuncts. Mr. Taylor 
then a|nike of the l>e8t form for the interior. Kn modem theatre, 
ho said, was rc()uin>d lo bold more than two thmiwand five hun- 
dred i»eople; alibuuglt, perhapti, inferinr theatres luiglit require 
nccomniu'Iatiou for three thnusamJ. Xn sliapi>, he tviui, was eo 
g*XMl as that of lier Mnjcsty's Theatre — viz., the half circle con- 
tinned with straight Ri>les, very slightly contracted, till near the 
stage; if for a small house, an adiiptalion of tlio balloon prin- 
ciple should bcadliere^l to, lo provide additional n:>Qm. 

The coiini.lfrnttiou nf ncoustics was neil dwelt npon, and her» 
AgAiD Mr. Taylur ref-'iied t-> ilie supTionty of Ho* Majesty's 
Tbealre as the very U'st iliejilrw in lli-' worl<l f^jr (w>oud — where 
there are no projecting oruanieuta of any kind — the pit tier tiw 
tight on In the floor; iliero is no walk underuealb llie lower tier 
at the Wk of the pit, aa in smaller thentres, and when? the 
ceiling is |ierfectly sniootband even, and in form is a slight dome, 
6tiinK oa to tlie house like the top of a violin; in Ihct, lie said, 
the theatN ought to be a sort of violin, witb the people sitting 
iosiile it. 

Mr. Taylnr then proeeerled to the eonHiderati*>n of the ventila- 
tion and lighting, referring Uj the latter, of which he adduced the 
instnncii of the new Thealie Llrique, at Paris, with its gl.is* roof, 
where, ht said, treble the average amount of gas was coniitinied. 
As regar<ls the ventilation, with plenty of holett near the ceiling, 
and a high pituhed roof with dtMue*. were, ho considered, the 
bent. Mr. Taylor next allude>l to the deconitions of the interior, 
which he couieQdi.>il should be under the directiou of a true 
artist, not oh in ino oAeu the CA>te, a paperhanger and decorator. 
Alt ornament in relief might be oousiJerad fatal to sound; in 
addition, everythini; in relief catches the d nit, and soon makes 



he would prefer extreme uuplieitr and trathfulDeas of exprea- 
sion, both as regards design and the material to be adopted* to 
all the attempts at so~^led grandeur so ofteu sahibited, 

Mr. Taylor finally entered into detail as to the stage arrange- 
ments, preferring the manual labour and practical experience of 
well-iuformed stage carpcnten. to the complicated aud costly 
systems of machinery of late introduced. 



ALLITHWAITE CHCfiCH, NORTH liANCASHIBE. 

(I('»M an liiifpraving.) 
Thb accomponyiog plate is a perspective view of the cbardi 
bnilt out of the rofignificent bequest of the late Miss BowerbankJ 
(.£12,000), to build and endow a church, parsonage-bonse, and^? 
8chooI«, in this villajje, which is situated in the parish of Cart- 
mel. North Lancashire. It is a conspicuous object to the tra- 
veller on the left-hand, ashe approaches his journey to TJlverstou*^ 
along the picturesi^ue line of the Fomess railway, where it standi' 
on the centre of an admirable site between tlie PaHwwiage Housf 
and the Schools. Many difficultion bad to be surmounted by th« 
executors in carrying out the lady's requests. These have been] 
overcome, and diirahility aud economy have been studied by I 
architect, Mr. Paley, of Lancaster. The church givps ampl< 
accommndatlon fir three hundred and fifty people. The strne- 
ture is built of white freestone, from the Ijsncsster qaarHes, and 
the native limestone; aud its cost baa been about /2500, Mr. 
C Bayoca, of Lancaster, being the builder. 



Holes of Ibt gionth. 

The Mngne»ium Light. — A lamp fw the pnrpose of buminK 
the wire is ssid Ui have been invented by Mr. A. Qi-ant, wbo 
is endeavouring to bring bin dfsign to practical perfection. Mr. 
Grant seeks lo make niagnesinm cheaper still than the best 
stenrine, and states that by burning a strip of zinc io conjnno-J 
tinn with two strips "f magnesium he is able to reduce the cost 
of the light by two-thirds. He even ventures to jirclict that 
magnesium will become as cheap as zinc, and that in the course 
of time it will be possible to illuioiuate a street a mila long,^ 
at the rale of a halfpenny per hour ! It is not a small tbJDgj 
to be able to reoonl that" photography is no longer depeudentj 
upon the action of the sun. The value of magnesium as aa* 
illurainaior for the puipi»o of "signalHua,'* is too obvious to 
escape immediate recognition. The port.ihie nature of the con- 
trivance, naA its perfoei immunity from risk of explosion, toge- 
ther with some other evident advantages, render ila vivid light 
all the more praoticaliy valuable. The PariBians,we are told, atm^ 
going to make it figni-e on the stage, and have sent orders tor 
some of Mr. Grant's lamps to illauduate tlieir tainted scenery. 

Tunnel under Me Liff^ift/.~A tunnel is about to be constructej'' 
nnder the Kivcr Liffey, at Dublin. 

lUuminatim of Strtft JVame*.— Several attempts have been ^ 
made to render the titles of the streeti nf Pans as risible at| 
ni^ht. as in the day time, and at last apparently with 6acceefl.1 
The labels in the ueishb-^urhood of the Hotel de Ville are noflrl 
li^bti-d up in the following manner:— The fnime in which thej 
letters are set is made in the form of a rectangular trough, Uie 
upper and lower jwrtioos being pierced with holes to allow of 
proper ventilation, and within this ii a gas-iiipe with a number 
of smrdl juts ftcconling to the length of the uhlct, aud, conse- 
quenllv the number of transparent letters to be illuminated. 
The upper part of the box, or trouyb, opens to allow of lighting 
and repairs, and is closed by a connterpoise conueslwl in the i 
stonework, of the walls. We are not informed yet of the cost | 
of this very useful arrangement. U was only in 1738 that the 
streets were mnrkeil with their names ; previously to that time 
it was a mere matter of local knowledge and tradition, and it is 
little wonder, therefore, that the names of many streets and 
other places became so altered and vulgariseil that it is now 



the bouse look slmbliv. besides being liable to be kn..cked otf by very difBcult to trace Uieir derivation. Of this, the street now 
the cloths hung ever the boxes at ni-lit. He tln-u referred to called Jiue GitleCteur is a remarkable instADce ; there arc two 

■ * ■ or three readings of the original meanmg, but none oi tliem 

satisfactory. The probability seema to be that lbs present title 
is the corniption of a proper name. 



jnedtieval coloured decinitiou, inslancing in p.-(rtlcul.\r the roof of 
KnaptoD Church, Norfolk, the principlu of which, be said, mi^ht 
be applied lo the oniameotatiou uf theatres. As lo tbs exterior, 



/ta. 1. imi 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



31 



Rof/nl Aaittgmy.-^At ihti reeont axniniiution of tha Royal 

Affulemy, silver metKIa woro awnnte-l to Mr. ThomM D.wiiison, 

for hi* pninting from Ihe life; lo Mr. Freilerick Georgp 0«kes, 

for tlia Wst e*>(>y m oil colours; to i[r. CLiudo AndrewaCdklirop, 

for thft We3t<lriwiQg from the Ufa; tn Mr. lliehnnl Lincoln All- 

Idndfio. for tiio be.it dmwinjf from tlie a«tiqtn!; to Mr. .Turn es 

lOrllHtbs, for the bwt model from the niituiue; to Mr. Sydney 

I'WiUirtm'* IrfP, for the be^t architectural 'Ir.iwing; to Mr. itor-we 

ISenry C;mty, for the Iwit p«n*j>eciiv8 »Irawi»p; nnil to Mr. 

KBiotiarc] Plu'iu; Spicnt, tho tnivellini; stiidfiitsliip fur one year, 

Ifbr arcbitectumt dpsign. — On Fi-iday evening, ICth December, 

l*t a geoerel meeting of the Ri^ynl Acaduniy, two asKncintf* were 

ndmiUed to full hortnum b> fill the plneen led vncinl by ThnniAJ* 

|l>jc« AniJ Sir W'ataou CJonlon. The choice fell uiion Mr.Thom.^"* 

FFaoJ aotL Mr. .loUn C'jillcott Uorsloy. Tho v.ncftacy by the denth 

of Dftvid Itoberts has not yet be<'0 tilled up. — Mr Solomon Hnrt, 

B.A., bnit been clecle<) librarian of the Itoynl Acndemy, ia the 

^place of Mr. Piokersgill, U.A., resigned. 

State in Xew South Jf'itlejt. — .^me piece<i of M.-ile b.ive been 

brought down tu Sydney, frutu ;i i^uarry on the property of the 

, Ophir Miutug Ci'm[Kmy, about 20 tniles beyond Bathnr«t. Tho 

Uuaples hare been pronouDceit by competent judges of the mule- 

Elial to be of a very good quality, nnd to Iw well aUnptwl ior 

Magging, making cUlcrnti, and v.irions other purposes. It is also 

ratAied that the edge >i( ibe abitc would cut in two-thirds of t)ie 

time tb.at tho WeUIi siale tiikeg to cut. by hand pmcess, while 

vith the chisel it ctitif free nud ia not likely to flnke up. The 

'at« exists in great tjuantity at Ophir, and the discovery 

ipniniiteii tu ba of (roniiiderable importauoe. 

Puhtic Work* ia Pari*. — The Pr*fe<*t of the Seine baa jnst pnb- 

rUsbcd his annual financial report, and from thin and other official 

■onroea we learn the codt of tho works carried on in Paris during 

tha laat twelve years. The amount expendwJ on Oemidiiiona, 

nstnictimiM, and embellishments, that in to say, on extraordi- 

^N/y, aa distingitishcd from the works of the city, Is giveu as 

6t5,G27./r,, or, in round nninbor3, about three milliona sterliog 

#«n average per annum. Of this total th** ci ly of Paris has 

ittppUed rather more thnn two-thirds, and the State lc»s than a 

(CDth ; the balance being derivt.sl from a ri-sale of laml and other 

r DUceUancoaa sources. The !KK> and odd millioaa have been di- 

Ividvd amongst various works in tho following proportion:— 

[Koarly 33 millions for charitable objects: reti^inus edilicen, i)i>- 

ds of 33 millions; mnniei|>al buildiiignand schuuls, more than 

l64 Billions: the great market, nearly 14 nitUious; bridgoa aud 

da, nearly *<<.» millions; formation of new bonlevards and streets, 

^ mdliona; extension of Paris to the furlifi cations, including 

be removal uf the Octroi walls anr] gates, and conatruclion uf tho 

ew barriers, ncnrly 130 niillions uf francs. In ISG9, Paris was 

iigbted by 14,011 gas lamps, and tlie biiidietie by ■iSl:^ gax and 

f960 ail, matting a total of I8,l>30 lights, now increase<l to 30,305, 

Tho great system of dr.tiimge is approaching its conclusion ; and 

in the month of May next, Paris will havp its new river in the 

ftual which is being constrncted lo bring the waters of tho Dhuis 

the capital; artesian wells have been sunk; large reservoirs 

fbr the supply of the city h.-ivi> been formed in the nuUkirts; half 

the theatres have b«ea rt^built ; the parks and promeD.ndea have 

^bcaxi planted and improved ; many public sqnsres have been 

pUatea and thrown open to the pabiic; new roads and streets 

■ave been formed, and many old onen widenwl, ventilated, and 

'Jxerwii*o imprave<L This Im cerlj\inly a vtwt amount of work to 

avB been dune in a dozen yeam, even under the extraordinary 

circniostaDces of the case; aud it is aslonifihing that even the 

immease sum given ia the report in question i^IhmiU have been 

~ slf nflieieut for what has been iterforniml. One of the most 

Dportant, nay, the most important reantt Attributed to the 

Qproved c^iDuition of the city is the reduction of the rate of 

Jity. In 183(3, when tho 6rst quimineonial census wrt* 

in France upon the pi-e»ent system, the deaths were £"8 

eroeot., or in the proportion of one iu 3G inhabitaQts annually; 

' Tn 18-H and ISW the rate was nearly the same; bat in 1856 it 

hail fallen to one in 39, and is now stateil nt about I in 40. 

With respect to future works a commifsion has been appoinlcd 

to diuw up a gcucral programme Lasod on tho foUowiirg quea- 

ittoaa: — What buildings require re-buildiog or eutargement to 

■DiMitbe uecessities of the public service I What will lie the ex- 

'penflv of eaeh I aud what is the degree of orgency of eacli, and 

Is what order should they be undertaken ! 



iWw Thfrmngraph. — M, Marcy, of Paris, has invented a new 
registering thermometer. It has an adaptation of the air ther- 
mometer, and consists in a metal bulb attached to n tube of the 
same, which is but a fifth of a millimetre, or Q-TOTi) inch, in 
interior diameter; Ihe rcueiver or indicator of temperature is a 
glass tube, bent into the form of a half circle, one catremity 
being closed and attached to the circumference of a mctallto 
wheel, resting on knife edges, and counierpoiscd. A mercurial 
iniiex ia iiitr'Hiiioe<l into the gla-ss tulw, which it divides iuLo two 
chanibcrs, one closed anil llm other op^u; and the metallic tube of 
the thermometer is passed through the mercury, into the closed 
chamber of the glass tube. On tho axis of the wheel above 
mentioned is an arm, carrying a tracing point, which marks the 
variations on a reginteriug cylinder. Wlieii the bulk is beate<l 
the air passes into the close<l ]>ortion of the glass tnbe, forces back 
the mercury, and of course disturbs the equilibrium of the appa- 
ratus to an extent markerl by the tracing point on the cylinder. 
The meLiI air tul>e is furuii«hc<l with a valve near the bulb, s«> 
that the interior may be placed in communicntinu with the outer 
air, in order to set the apparatns nt zero. This is one of the 
iuBtrumenta furnished to the scientiOo expcditlou for Mexico. 

Stibttitutea /or Crones and Hodmen in Pari$. — SoniP of th« 
contractoni' rebuilding tho demolished bouses, and running np 
quickly new mansions, have hit upon an ingenious way of raising 
materials to tliu lop of the sralfold. As the head of water at the 
Vilctto is enough to commani! any of the houses in Parts, they 
have simply a pipe turned on from the main up to tho top of tho 
intended stiniclure, and by that means can fill a bucket or large 
tub, wliich in descending draw.-i tip a plateau on which the mate- 
rials are placed. The water, being turned into mnrUir, and 
otherwise matle use of afterwards below, is not lost. Some of the 
materiaU are al9f> hoiat»fd by Lenoir's machine (by gas); there ia 
one at work at the Roml Pout <le Corcelles, close to the Avenue 
de Ternes. It seems to be, by timing a weight ascending & 
cerlaiu height, about ^\ horse-power. The aheeuco of a boiler in 
these engines is a strong argument in favour of employing them 
where slea^ly slight power is reqaired, 

Cunventh.i bi't*eeet\ France and Sicitzerl'ind rarpeeting Works o/ 
Art, i;c. — A convention ha^ been Aigneil by the two government 
by which the literary ami artistic productions of each country 
will be- protected in the other. Tbo convention is f<jr twelve 
years from tho.lBt of January 1SC6, and applies to printed mat- 
tor, moaic, and works of art of alt kinds. 

Charch BdU. — The uew belfry of the church of St. Gcrmain- 
IWitxcrrois will scon receive a set of chimes similar tu those for 
which Strasbnrg, Dunkirk, Brnge*, &c., are celebi-ated, but with 
the improvements suggestwl by trie progress of moilern uiechanical 
art. M. Oolliu, who is entrusted with their execution, has re- 
jected nil the cumborsomo old contrivances which exclude the 
possibility of playing several luues except at an enormous cost. 
While the cylinder or barrel wliich workt the chimca at Kruges, 
for instance, cokI fl0,00O/>., M, CulHn's IwirreU will cost only 
250/>. each, so that as ev^ry lune requires a barrel by itself, a 

freat variety of tunes will be oljtjiined at a very trifling cost, 
nslead of the enormous weights attached to the works under the 
old system he employs Lenoir's gas-machine as a motive power, 
whereby he forces air into a reservoir so as to produce a pressure 
of 2^ atmospheres. The air thus nccamulated passes into a series 
of bellows, replacing the levers of tho old system, and thus tho 
artist who sel3 the chimes in motion finds an inHlnimcnt as easy 
to pl.ay as a piano. The chimes wilt consist of forty hells, and 
will play two different tones doily— one at two p.m., and the other 
at eight p.m. 

fleserrp/iM Labels in the Louvre.— Kn excellent method of fur- 
nishing the public with information respecting works of art is 
now being put in practice in the gallery of the Louvre. Tablets, 
on which are inscribed the subject of the a»ljaoent pictures, toge- 
ther with the names of the artists, the tialea of their births and 
deaths, end the title of tho s'rhool to which they belong, have 
been placed, at intervals of about six yards, along a portion of 
the Italian department of the gallery. These tablets are conspi- 
cuous enough to attract attetttiun, and cannot fail to make many 
persons, unfersetl in matters of art, think a little, at least, about 
the picture.^ which otherwise they might, and very often do, re- 
giird as mere pretty curiositieii, aud Ihia will be a real step to- 
wards art education. 



Warming of RnMvmy Cnrriagex. — Tt U i-o|»nrted ilmt cxperi- 
tiieuLa in wartniii;; c-iriiscea by alcam hnv« been inmltt ou the 
l^)yHl Kutteru line uf Pi-uiKtla, belween lirumberg aud Tliom, 
and witli compleie sticcesii. Previously tlto oarriages reserved 
for ladies wet-e wflrmoil by nienns of bot sand or ^totieji, but botb 
were fjtiud inflofficitot or objectionnble. In tlie new amiiise- 
lutuit, n flf>ecial bi)iler is plncol in k luggu^t; viin, nn<l llie Ktenra 
is c;ouv(«yf;<l, by menus of juiictinu pip^'iii into woodcu cyliudors, 
placed lu all the oarriagcfi. K:ic)i conip:irtmot)t is provided with 
a small lever, which eoBbles llic tmvellei-s lo rc;;ulute Ibe l^inpe- 
ratura According to their feeliiij^H. During the ex)>erimeula id 
qDeitioa the huat was maiuUineJ at 22' Kcautuer. 

7'A* Atlantic CabU. — The entire length of the Atlantic telegraph 
will Ik; 2^0 uiilea. There are seven cop|>cr wires to form the 
oouductor, so that there nro 16,000 miles of copper wii-e. Kvcrj- 
portion of this wire la su1>jecled to electrical te«is lo ascert^iitt ita 
4]ualily fur cnuduction Wf.>re it in allowed to be wurlivd up. The 
uext KtngD is to cuut ihcie with eight succuasivc conta of the iu* 
sulaiiu^tmat-erial, Cfiualto 1S,400 miles. Thiacore is ueil covered 
witli jute wound miind it fititu leu stmnds, making S:i,OUO niitoa 
of jule yarn. Tlieri comwi lliu outer cnating formed of the ten 
ouvored' irou wire-^. The iron wire lUelt 'n 23,000 mites in 
leoglh, and each wire is cDvert.il aeparalely with fire alrauda of 
tarred hemp, l^t^/XH) miles or the latter being roqnired, mnking 
toMtber au aggregate length of malenjd euiidoyed of 315,000 
mtlea. 

Electro- Magnetic Locomotive, — At a tnoetiog of the Scientific 
Society of the Uepartmcut of the Seine-et-Oiae, held at Ver- 
OTtllet a few days since, a model of an electro-magiit-'tic locomo- 
tive was exhihiteil and explained by its iDVLUlois, MM. Itellet 
and Do Runvrc. Tlits new cuglue is intended to ma on rails, 
nod the arnui^ement of its (larts is somewhat curious. Tlie 
<]riviug {Kjwer ts given to a single pair of wheeltf, eitualed at the 
rear of the engiuc, as iu itie t'niuipton eugiiics. A number of 
ma^ueia are arranged rjidially ou these wheels, tlieir pol^s 
toR'ardd the circumference; the voltaic current i« eonducivd 
from the centre of ea^-h wheel to nil the mngneta in succession, 
aud these litter act directly uu the iron rail itself Tlie in- 
veJitoi*^ claim for their engine the great advantage of cxceasivo 
sMtuplicity, and, moreover, that as the majjUfla act directly (^n 
the rails, there is a constaut amouut of udhereuce, which doirs 
away with the necessity of weight to eusnre safety, rvcu with 
the hi;[hu8t si^eed pi>Asible. The Inventors Deem to have e3|»e- 
dally iu view llie [lUHtal and tclt-grajibic service. They say : — 
" This macliiue umy be employed lo carr>' letters and parcels iu 
the interior of towns at the rale of twelve or fourleeu miles au 
hour, ou Buhlerniiieau railroads, connecting the principal post* 
office* ; aud a^ the lucomoiives for such service would be Very 
nmal), the works would be compnrauvely iucxpeniiivc. Ijii>jer 
machines might ruu on the exiwting railromU, and convey des- 
patches at the rale of a hutidred aud twenty miles au hour." 
The machine is iug'^uious, and di^ubllcss work* well iu a model; 
but it remnius to be wen whether il wuuld be practical on a. 
larger scale. 

Oaa in Egypt.~~On the evening of the 23«1 September, the city 
of Alexaudria was lighted fur Uie first time by ^as, the works 
luiviug been erected by & French company. The lauipllghter is 
nightly followed iu his rounds by a crowd of Wuuderiug Anibs, 
who iiistsL that the inarvt-Hous blaze fulluwiug lliu toueli of his 
torch most be pi-uvoked by the will of a gtnie, or "djiun," as 
Mr. t^aue would have ua spell the familiar woitl of the Arnbiau 
nighls. This improvcineut cjiutes a great change in the hnbita 
ot' the place. Heretofore a muuict)NiI regulation had i-e<piir«d 
everybLxly going abroad after uightfdU to carry hia owe lautern, 
but this is no longer uecessary. 

Pari* International Exhibition, 1867. — It is reported in Paris 
that the idea of erecting a huge building over the Setuc ts given 
uji — which will astonisli few pcraous — .iiid that the buihiiuH for 
Uie next (.!reat Kxliibiliou will be a Crystal Palace, erected iu * 
liew Ik>uI(!v«i-.I, esltMidiug fi-om the Arc de Trinmphe, at the top 
of the ChHUips Klyseus, to the river. The buildiug uuw projected 
IS to be litrge enough to give every country as much space as it 
may ileatre. It is to occupy the oeutrul portion of the boulevard, 
ouly leaving siwice fur a ciirriage-way nud four pedestriatis, and 
on the oilier for a railway, or probably an Americau Inimway. 
Il is |iri>pii.tet| to erect a steam lifting jnmip on the l>aiik of the 
to supply the rct^uisiic quantity of water for all jiurposcs. 



Anntfar Railtrap in N«it Zealand. — An offer haa been mibmitted 

to Goveruiueutto mnko ai aoou as the state of the country would 
allow, arailroad lo Wauganui. tt is to l>e a siogle line, capable of 
carrying an ougine of not less than IQ tons, but the otfer does not 
include stations or rolling stock, the line to be givcu up piece by 
piece as completed. The iiayment asked for is land, at the ml« 
of an acre aud a half for every pound aterling expeniled by them 
in mnking the railroad, up lu /4000 per mite, that is to say, that 
each mile nf railway will coal titXK) acres of laud, but cannot cuet 
wore. Il is proiiosed that t)ie contractors should not tdke the 
whole nf the taud adjjiceut to the railway, but take it iu bloclu 
alternately with the Government. 

Submarine and other Foundationt.~An invention of Captaio 
Thomas Bridge Ilealhoru, lt.A., of 14, St. James's Square, Lon- 
don, haa for ilH olyecl improvements in the construction of sub- 
marine aud other foundations in doep water, under tlie circum- 
stauces of a level, shelving, or sloping bottom of a varyiug den- 
sity, possibly covered with mud, sand, or shingle, to a greftt 
depth. The method of oonatructing the foundations for snch 
htructures u|>on a level bottom is as follows : — The caisson, which 
is of imnular coni>truction, with .t triangular section, is made of 
sheet iron ; the boiiom portion is floaie<roul to sea, exactly over 
the spot upon which the building ia to bo erected, aud tber« 
anchored; concrete h then plnced in the caisson, so as to cause it 
to sink equally, and, an soon as it is sufficiently deep in the 
water, an additional height of the misson ia (Ixcd, and more 
concrete placed therein to siuk it deeper. Tliis operation con- 
tinues until n firm fnuiHlation is obtaiuetl by the weight of the 
calsRon with its interior filliog of coucrale causing u to sink 
through the mud or other soft ground to the hard ground be- 
neath ; tlie interior is theu filled up with stone or concrete 
upon which, and the concrete in the eai&eon, the superetructura 
is erected. Fur shelving or stopiitg bottoms, the caisson will 
bear only ufHiu the highest side of same; and to preserve the 

Iterpeiidicutar of the said caisson, immudltlely it touches the 
mrd ground, stones are placed iu the iuteriorof the caiaaoa, 
which will natiintlly settle themselves in such posiiiou as to form 
H wall un'leinieAih that portion of the caiiwoii which does not 
ti'iich the hanl ground, thereby formiiif; a foundation upim which 
ttie caisRou nmy rest. The mode of obtaining foundations ia 
deep wnterwill aUo apply to obtaining same in soft or peaty 
gniund <m I.Hiid, aud iu some cises the interior lilliiig of stones 
wilt l>e omitted, aud the anissou idlowed to aiuk until it is pre- 
veuted from further movement by the internal apertures closing, 
as the building up of the inuer aide termiuates iu a oooical 
npex. 

Chan^ Decoration in Paris.'— A sum equal to /1 1,584 has bees 
devoted to the deeoratious of the new church of St. Augustln. 
The interior of tho cupula is to be ilturaiuated with large figum^ 
sixteen in number, of pn.iphetB, saiuis, and futhei's of the eharab, 
surriuinded by cherut)im, on a blue gr(>u>id, studded with golden 
starn ; iu the pendentivea aro to be painted the four evangelist*, 
.iccom|*auied by angels; the vaultings of the side chapela are ta I 
Ijc (laiBled with six subjects from the livea of St. John, St. Peter, 
and St. Paul ; tlieae, wUh one or two minor commisHions, amount 
lo uearly i^t-SO. The sialui-d glass, and three medallions be- 
neath the porch, iu distemper colours, enamelled, umouot ta ' 
£2760. The sculpture includes a bas-relief, for the (Kirch, ofl 
Christ and the twelve apostles; a marble statue of the Virgin 
Mary; more than twenty statues of the evangelittts and saints, 
for the docoi-Htiou ol the fa^aile uf the building, with miuor works 
iu stone, aud bronze tiguics for the dooru — together, i"944. 

Sun Motor. — The olherMay a means of cooking by the aid of 
the Buu was proposed by M. Uttbinetr of the Fi'cucn Xuatitnte; 
another professor, M. Mouchof, suggesta nu upplicaliou of the 
sun iia a motive |>ower. If, he sav*, a belt or cylindrical reser- 
voir, of thin silver, blackened witEiiu, be tilled half with water, 
and half with air, aod let the sun's rays tiLlt upon il through two 
bell glasses placed over il, the nir will expaud and press upon thov 
water. If a tul>« with a stu[>-eock be inserted near llio lower 
part of the silver reservoir and curv^rd upwanU into ft verttoal 

!rf)sition, tho water upon the opening of the o^k wilt leap to the 
\ei^ht of tea metres, and tlie touiiLiiu will Lie maiutiiined aa long, i 
RH there in any water iu the receiver, hut the moment any body ' 
iulnrveiira belwecn the sua aud tlie receiver, of course Ihe action 
diminishea, aud soou ce.tses eutiiely. M. Cabinet thinks that 
such au application of the tuiti's pow^-r mi^ht be of advantage in 
E^ypt, where, as he auys, " the suu ci-^u uothuig.'* 
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THE MANAOKitKNT OF TOWNS. 
U.—The City of London. 
Tbi: portioQ of the moLropolis, coveriug about a square mile 
, / rarface, that bos formeil the ducIcub round which the other 
RrtM have gathered, and which ifi known aa " the City of Loadon 
Vand the liwrtiea thereof," is ia inspect of iU sanitary arranga- 
EieDts, as ID most oilier mattara, under apecial local control. In 
this particular the powers poasMsed by the goveroing body are 
older and, even now, more ample than those in the hands of 
other local authorities. It in, of ounnw, urbau from centre to 
mamn, and is surrounded by districts of a similar kind, with 
the oifierence that in tbc City the laud is more valuable, the 
bttildiogs moru maosive and coully, and the traOic (greatly in 
excess of that ou any similar area. Tlie growing tleruaud for 
warehouse and office accommodation has iu many parts operated 
to clear away the dwellings and diminish the numbers of the 
■idenU, but in other portious the population ii dense, owing 
• thft ncceasity which drives numbers of the poorer classes to 
TCside near particular spota, and as it is now nearly the 
flame in amount aa it was Hfty years since, Uiey have booomc 
packed together in a way that proUucea incalculable mischief ui 
momU and to heaJth. It is an exceptiooal kind of population, 
standing by the last census at U3,3S7, but receiving daily n 
wtry largo aoceniou of pcivins drawn thither chieHy by buai- 
neas, who make a large demand upon the machinery of local 
manigemeat. 

Over a large portion of the area the fovtwaya and oarriage- 

aya ax« ioconTeoieDtly crowded during sixteen out of the 

mty-foui hours, and nt many points stoppages of the traffic 

constant, althotigh it is regulated by a staff of police officers 

* dly ddtiiled for that seririce. Except in one peculiar locality 

whole of the public ways have for many years been paved; 

tlie oourta ami alleys that have no cartway being laid with 

stone, and all parts are daily swept. The supply of gas and 

er is in the bauds of powerful comT>anies. Burials have been 

'^iaconlinned iu the City for some years, and a cer*tery liau l>een 

nroridcd at a distance of seven miles fruin itA eastern lioundnry. 

with the exception of a narrow strip along tho margin of the 

Thameii and running up the valley of the Fleet, the ground is 

. higli, and lies well for drainage purposes. At preseiil the whole 

T the sewage is discharged into the river, and tlie City has its full 

bare of the ntiisauce which it juiua with tbe rest of the metro- 

opolifi to create. 

There is not throughout tbe City any space specially sot apart 
and kept ibr a public garden or pleasure ground, though, as we 
laay take occasiun to show, there would be no great ditliculiy even 
with property at its present value, in making a fair provision of 
this necessary adjunct to a tovn. Of open spaces, there are the 
' 1 SinithUpld-iuarket, now undergoing traosfoniintioa; Finsbury- 
eus, St. I'AulVchurchyard, and certain other placeii, closed to 
_he public by fences of open construction ; a few squares more or 
leas confined, and some irregalar spaces occurring at tbe intiirsec- 
tions (if ctreeta, as at the Koyal i^xcliaoge. which provide a cer- 
tain amount of veuLilaltDti, wliile aome of them adorn iho City. 
Itut alotig the southern side, which is its longest bonndary, the 
Thames — ihree hundred yards in width, ana soon to be free<l 
from tho tilth tl»at now draius into it — runs from tli^ oj»en space 
t>f the Tern pie- garden a to ihttt of Tower-hill, both of which are 
Just witliout the city boundary. These, tiiken together, girc an 
'^""onnt of hreathiog space which is not inconsidei-abTe, and 
"J, if fally utilised, greatly assist in preserving the public 
alth. But, lying iu the centre of a lart;;e district which is of an 
sdingly unfavourable character, the Jicaltb of the City is tcr- 
.y dependent upon the vigilance and efficiency of otlier pnblic 
dies, over which it has no control. The following statistics 
' the condition of the City iu respect ol several important 
atters : — Area, 021 acres; length of Public Way, 21 mitea; 
■rea of ditto, 1(!0 acres; number of Streets and Places, about 
1000; Dumber of novise.4, about 10,300. 

Tbe Cummissioners of Sewera uf the City of London are ap- 

pouilail and perform their functions by virtue of powera given by 

! City of J^^ndon Sewers Acts of 1848 and 18ol (which replaced 

er Acts of similar character), wherein the Mayor, Aldermen, 

] Commons are directed to nominate and appoint Hiidi and so 

ny persons as they shall think proper to be the commisaioDors 

carrying these Acts into execution. The Lord Mavor, the 

order, and tbe Common Sergeant are to be three of the ooni- 

liouers; and it is the practice to appoint annually, iu addition 



to these, the aldermen, the deputiea, and one common coancUm&n 
Irom each wnrJ, making together about eighty-tbrae members. 

Though couipri»ixig the leading memb^ of the Corponition, 
the Sewers Commissioners exist and act as a diatinct body : hold- 
ing property, having their own offlcea at Guildhall, and employing 
their own officers and servants. Iu them is vested the property 
of the pavements within the City, and the sewers, except such, 
main sewers aa are, by 18 & 19 Vict., c. 120, vested in tho >retro- 
politan Board of Works. They are tho body which withiu the 
City perform such duties as belong to a local txtard of health, and 
other duties of an allied kind, that are cast upon them by Acta 
relating specially to the metropolis. They arc empowered to 
raise money for these purposes by a sewers rate of fourpence in 
tho pound, in one year, and a consolidated rate of oiie ahilling 
and sixpence in the pound; the last being for the purpose of 
making and repairing, [laving, lighting, cleansing and watering 
the streets, and effecting public improvemenu; also for works to 
sewors,and for Boiaries^ and other expenses incurred in exercising 
the powers granted to the oomniission. For certain purposes the 
commission acts in tho same manner as one of the district boards 
under the Motropolis l.x>cal Management Act, and it ia practically 
represented upon the Metropolitan Board of Works, though the 
three membera sent by the City to tliat board are appointed by 
the Mayor, Aldermen, and Commons. 

Of the functions performed by the City Sewers* Commission, 
our buaiueRS lies only with those that are in the department of 
the engineer and Rur\'eyDr, or arc of a nature to influence hia 
proocediugs (as are some of the duties of the meilical nfhcer}; 
these have been greatly angnientetl during the last few years, iu 
which the importance of works fur improving tho sanitary con- 
dition of populous places has been more fully recognised. Iu 
dealing with these matters, it wonld not be useful to extend our 
inquiries to any remote periwl; except in so far as the long con- 
tinuance of a particular practioe may afford better means for 
judging of its effects. For several years before their present 
extended powers were obtained, the commission had been recon- 
structing the system of sewerage within the city; sewers of the 
modern improved sectiou were in general uss, and were iuspectod 
and clearBi) of deposit All streets, courta, and alleys were, &a 
has been said, paved throughout; and since lb4d they had all 
been swept once in everyday. Since the passing of the Act of 
ISiS, however, every part oi the system has been from time to 
time reviewed and reported upun, as well as all new duties that 
have by various Acts been cosL upon the commission. The reports 
of their engineer and surveyor, Wm. Haywood, Esq., M. InsL 
C. £., F.U. I. B.A., who has held that appointment since 1846, are 
priute<l, and, together with the re^iorts of tbe medical officer and 
other papers bearing u|ran the proceedings of the commiisaiODt 
are deposited in the library at Guildhall. They include reports 
upon sewers with their liquid and gaseous coulcnta, pavemento, 
traffic, gaa and water supply, oemeteries, sanitary works, street 
improvements, cleansing and watering, projections from bouses, 
and all other matters witliin the jiirisdiolinn of the commission. 
One great object that has been kept in view is the conetaut and 
thorough inspootioD of the city, both in respect of the public 
waya, and ot nuisances that arc detrimental to comfort and 
health. It will be convenient if we give an outline of this sya- 
U-m aa it now exists, before alluding io detail to the various 
works and matters for which, the engineer Is responsible, and 
which are subject to such inspection. 

Ijupection oj Pavements, ^-c.— Pur this purpose the city is now 
divided into four districts, to each of which an inspector is ap- 
I>uinted, who is required to posseRg suthcieitt knowledge of thoae 
works constantly needing to be done in and about the streets, to 
enable him to sec that tbe contracts and works for which the 
engineer is responsible are properly performed, and his urdem 
obeyed. He must also observe and report to the euulneer all 
caHi;s of injury or dilapidation that happen to the pnblic ways, 
or to any of the public property placetl thereon, as well as all 
eucroQohments and wronj^ul proceedings of occupiers of property 
abutting upon the slroete. Tlie duties of the inspectors are per- 
fomiwl chiefly uD<!er the direction of the engineer; tlte^ are, 
however, to take directious from the clerk to the commissionen, 
in relation to complaints of tlie smvengiiig, dusting, &c Kvery 
insf>ector ia directed to reside within his district, and to have his 
name and occupation plainly inscribed upon his door: he must 
carry with him a rule aud memorandum -book, and have for re- 
ference copies of tlio standing orders of tbe oommissionem, the 
regulations of lodging-houses and slaughter-houses; a list oi 



lioftrds and BcafTolds urulor Ucenoe, with the dates on which 
tboy expire; tho names and addresMS of the diRtriet'irarveyora 
(under tho Metropolitan Building Act), the contractors, turn- 
cocks, nnd foremen of gna, water, and telegraph companies, and 
any other memoranda useful in his businesa. He is to tranimit 
hia name and address to the commisfiiotiera within hia district 
at the commencement of each ^ear (fresh commissioners having 
then been appointed), and he lautit vut upon each of them twice 
in everj week. He is to attend daily, as near as possible for a 
full hour, between twelve and one o'clock, at the aewere office, 
vbeiT the inspectors have a room in which they can transact 
business wltli foremen of contractors and other persons, in re- 
spect of works, complaints, &c., to take directions from the 
superior officers, and extract from the book kept for that purpose 
all complaints of defective pavements, neglect of scavenging snd 
collection of dust, or other matters falling under his inspection. 
He is to attend alt meetings of the commisaiouers and such eom- 
raittoea aa be may be requested to attend, and to enter his re- 
ports in a book to be laid upon the table previous to the cbair 
being takeo. 

As regards the property rested in the comraisaion, the inspector 
is to see that the pavings are maintained iu a safe and proper 
state, and when he hears Uiat any accident whntever hatt hap* 
iiened, and is alleged to be owing to their defective condition, he 
IB immediately to inspect tho place and report to the engineer, 
and not to alter it without a special order; he is to see also that 
all 8tr«et uanie-tablets, pusta, columns, ohannels, and other iron- 
work, are kept in proper order, and whenever they require 
ruiewal he is to obtnia orders from the engineer for that purpose. 
Ab regards works, he is to see that all new contracts for paring 
or other matters, and all repairs, arc properly performed, and to 
measure up and give vouchers for the same, and to give no orders 
for works, oxoept mere jobbiug repairs to paviugs, without 
proper authority. When streets must be stopped for i-epairs, h« 
ia to give due notice to the eoglueer, who arranges with the 
polioe for the divertingof the traffic, and to the iDspectorofsewerHJu 
respeot of interference with gulleys and shafis. When pavements 
have been disturbed by gaa, water, or t4>!egraph compnnies, 
he is to see that the trenuhesare properly tilled iu and the pavins 
made good, and the same wheu the paveiueut has been diKpUced 
for hoards and scaffolds. Ho is also to carefully inspect the 
streets daily, and the courts and alleys at least twice in 
every week, to see that the scavetigiug is well performed, 
that the public urinals have been swept and washed, and that 
the streets are watered Id the manner aud at the time stipulated 
in the cnntract. In cases of his observing auy daugcr to the 
public from dilapidated buildings, be is to give immediate notice 
to the district-surveyor of buildings, and if, necessary, to tho 
police, and to have a hoarding placed for the protection of the 
public, if that shall seem neetlnil. Id respect of projectiou« over 
the public way, he is to see that no parts of auy ahop-froat, or 
.any appendnge thereto, nor auy cranes, cellar-flaps, reflectors, or 
other prnjeotions, are made without pennission. Thnt no hoards 
or scaffolds are erected without a liconcG, and that tliey are 
removed when tho time for %vhich the licence hns been gr.\ute<l 
expirfis. tTpon obser\-ing auy iuterf«rem'e with the public way 
for which perinissiou has nut hvta givcu, he is immediately to 
serve notice u^ion the p-ni-ties to discontinue the works, and to 
apply for permission. Wheu a police of sny dcacription has 
been served by him, he is carefully to indorse the counterfoil 
with particulars of Kervice immediately, and to note the necessary 
facu in hiK memorandum book, to enable him to give evidence be- 
fore the magistrates thereou. 

As regards buildings, be is to report all cases of houses being 
burnt ur pulled down, and to csrefutly sketch and measutv the 
lines of frouuge, that the rights of the public may bo preserved ; 
to ascertain the natnes of the owners, architects, and builders 
employed upon new buildings, and report in writing to the 
engiuecr. He is also to »c« that all alterfttioua to the numbering 
of houses that may be ordei-ed ave properly carrif^d out, and that 
no alteratintiR are made without such orders. These arc the or- 
dinary duties of an inspector of pavements They demand con- 
siderable powers of observation and a methodical arrangement of 
time ; it is eiiseutial that they be well peiformed in order that the 
state of the city may be at all times known to the authorities. 
The inspector is liable to be checked in the performance of them 
by the olnervations of the engineer and of the oommtssioners, 
whose plices of business are distributed over the districts, by 
their neighbours who complain to them, and by the occurrence 



of aocidenta which may follow upon unobaerved derau^ments. 
The police also give immediate notice of any defect that is likely 
to produce danger to the public, and, if necessary, station an 
officer at the point where the defect exists. 

Inaptetion of SeiBVB. — There in one inspector of the 48^ miles 
of street aewsrage within the City. The maiu sewers under the 
charge of tho Metropolitan Board of Works being excluded from 
his department, and from the above measurement. The inspector 
acts solely under the direction of the engineer to the commisoion. 
He takes charge of the reparation, jobbing works, and clcantiiug 
of sewers, gulleys, veutilntiao, &c. ; also the coustructiou and 
maintenance of such portions of the house drains as lie beneath 
the public waya. He must reside within or near to the City, and 
attend at the office of the engiueer every day, or as he may ba 
directed; he is also to attend daily at the sewers office, extract 
from the book all complaints that are within his depnrtment, and 
have tho same attended to forthwith. He is to make auch per- 
sonal examinations, and take such me.isuremeuta, sketches, and 
levels of sewers, as may Iw requii-od of bim ; to give directions for 
the flushing and cleansing, and he responsible that it is properly 
carried on ; to measure, superintend, and check the acconnts for 
private drains beneath the public way, and also other works to 
sewera, and deliver the bills to the engineer for examination ; be 
is also to superintend any gauging of sewers that may be ordered. 
He must be out earlv or late, as may be required by the nature 
of the work that nee^la inspection, having no fixed honrs, but it is 
supposed that he will be occupied for eight or ten rJear hours 
daily. The engineer has also a clerk of works over the new 
■ewers that require to be coustructed; and there is a foreman to 
superintend the flushing operations that are carried on i-y the 
contractors to the commission. 

Jnirpectum of (ias. — One inspector is employed, nnder the en- 
gioeer to examine by night tuto the manner iu which the gaa 
comnnnios perform their contracts for lighting the public lamps; 
to check the meters, and to ascertain the causes of any defects. 
Every morning nlno, the commissioner of police furnishes the 
engineer with a list of all the lamps that were observed by the 
officers to burn dimly or to have been in any other way defective 
duricg the previous night, and the inspector is at once directed 
to examine and report uf)on each particular case. 

Inspection ofSanitart/ IForlu. — There sre two sanitary inspectors 
intheCity, who act under the medical officer of health, bnt are also 
to take instructions from the the engineer in cases where there is 
any difficulty respecting the details of constructing or nmending 
drains or jjavementa. The conditions aa to residence and attend- 
aoce at tho sewers office are generally similar to those already 
given for inspecton of pavemeuts. Tlie inspector is to attend the 
medical officer of health, and assist him in sanitary inspections; 
to serve notices and orders for all sanitary works, except thoM to 
the common lodgiug-honses, cow-houses, and slaughter-houses, 
and keep proper records of service ; to see that the onlers are 
carried out, and to report to the medical officer once iu every 
week upon all cases of lailure or neglect iu executing the orders. 
In cases of doubt or difficulty aa to the work, he is At once to 
consult the district inspector of pavements, and, if necessary, to 
report to the engineer. 

The inspection of cow-houses, common lodging-houses, slaughter- 
houses, and meat nf various kinds, is carried on by officers o( the 
oommtesiou in like manner; the rules under which they act are 
tolerably stringent, and, so far as we can ascerlaiu, they are en- 
forced. Prosecutions are frecjupntly instituted for breaches of 
regulations by tba public; and the contractors to the commission 
are not uufrequently brought up and fiue<l heavily, upi^n the 
evidence of the inspectors, ^r the non~pcrfonnance of scavenging 
and other works, tliat require to be atteudeil to day by day. It 
is difficult to overrate the importance of an efficient system of in- 
spection in s town of many inhabitants and much tiaffic, and we 
have dwelt upon the details of the system as establitihed in the 
City of London, because it has with great care been developed, 
step by step, as necessity arose, and because it is carried out with 
extreme regtiUirity, and seems wdl adapted fur the object iu view. 
We propcM! to treat in the next place uf the duties of the higher 
officers of the commia^ion, and nf tlie practice iu respect of the 
several departmeuts of sewerage, street management, public im- 
provententa, and works undertaken for the protectioa and pre- 
servation of the public health. 

(T» h€ eorUinned.} 
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USTEirS IMPBOVED THEODOLITE FOR SETTINQ 
OUT SURFACE-WIDTHS. 

A NEW iDftmmcDt baa recently been brought under onr Dotie«, 
which evidently poflaeases several oovol nuu iinpurtant features. 
It is a combiim.tLoa of the theodolite and level, but whiln nerving 
all the ordinarf purposes of the two iuatrumeiit^ is xpecinlly 
deiignnl for selling out mechaniwiMy, wiiliout. i-ectmrse to calco- 
JatioD, the eurfacA-witltha, or ftlopfr-pega, for di^uotiiig the top of 
«lope on caltiaga, and the foot of slope in ombankmeot, required 
in the execatioD of railway, canal, and other earthworks. 

The ordinary method of setting out surface- widths hither- 
to practised is that generally described in works trenting 
of the subject, which involves the use of the level, nnd a 
distinct operation, with ooosiderftble calculation, for each half 
vidth separately, and which in rongh and sidelong ground 
requires to be freqaently repeated in each cose before the 
required point is found, thus rendering the operation not 
only tedious, hot very liable to error, ny the following ex- 
phuiation of the instrument and it)t application it will be seen 
that the whole operation, being simply mechauical, little or no 
eilc«lalion b^ingrequired (not any, if tables be used), the liability 
toerror is reduced to a minimum, and the mauipulation of the 
iBStrument is rendered simple and expeditioiu. 

The main featnre or novelty of the instrument consists in a 
modification of the ordinary iheodotite, by giving to the telescope 
ft horizontsi action on the spindle or axis of the vertical arc, in- 
sdnd of being fixed to it, so that when clamped by the vertical 
ftre to the angle or iacliniklion of the slope required to be set out, 
and fixed in this plane at an; piiiut, the telescope will revolve in 
the plAne. It will thus be readily seen that, the telescope re- 
volving in the plane of the slrvpe, any point on the surface in 
that plane, when the lino 19 straight, will bo cut by the cross 
viro of the telescope, and thus the widths at the several chain- 
ages, or at any intermediate point where the nature of the 
ground would neoesaitate a width being put out within the 
nngc of the telescope, would be at once dulormlued ou citliur 
aide of the instrument, to the next change of gradient. When 
the line is on a carve, each point is deteiiuined by tangential 
angles, the method of procedure being precisely the aanie as 
Betting out an ordinary carve ou the centiv line, with this addi- 
tion, that the telescope muBt be depressed to the vertical angle 
vhich the slope line assumes to the chord at each point, or as 
seen from the instrument. Thin angle varies from tne angle of 
inclination at the tangent point, ij., at the instrument, to zero, 
tir a vertical line when the chord is at n right angle to the tau- 
gent, or when the curvo has been traced round to one-half its 
oircamference, and may be found for any point from the follow- 
ing equation: — 

tang, of vertical angle = r X cos. tangential angle, 
r being the ratio of slope \, I, 1), &c. But this calculation is 
obviateu by the use of certiun scales of tangents, graduated on 
the vertical arc of the instrument, for the sewml ratios of 
slope; it being only neocsa&ry to ctamn the vertical arc to the 
tangential angle for each point respectively. 

The only cmculationa required in the operation are those for 
the tangential angles, whioh are readily found by dividing oon- 
stant 1719 by tbe radius of the curve in chains, which gives 
the angle in minutes for tbe first chain in the curve. The angle 
Cor any other point is found by multiplying this angle by tne 

dittanea in chains, or by — ^-.— , D being the distance in chains; 
it 

bat the Dfls of tables, particularly those by Kennedy and Hock- 
wood, which give the angle for every chain up to 2U, for any 
ouive, obviates auy calculation whatever. Thus the widths on a 
earre may be almost as readily set out as those on straJRht, as 
tha manipulation of the instrument la easily performed during 
the time the aasist&nt is driving the peg, and walking from one 
point to another. In curves of large radii, the variation of the 
vertical angle* for some distance from the inntniment, ia so alight 
tliat the depretsion of the telenoope is practically immaterial; 
bat in curves of smaller radii, and in those of larger radii when the 
ridths to be set out are at a considervble distance from the in- 
strument, it is nvcesstiry that the variation be attended to. 

The iustrumeot is perfectly atlapted to all other purposes. It 
is not a transit, but is simply reversed by releasing tbe telescope 
from ita securing cam, and turning it horizontally on its nxis till 
the opposite cam is in place. It b strong, yet light and compact^ 



with a powerful telescope, and the cost does not exceed that of 
the ordinary theodolite. 

The general advantages of the instrument, as staled by tbe 
inventor, are; — I. Its simplicity of manipulation, 2. As avoid- 
ing tedious calculation, and consequently, liability to error. 3. By 
its means surface- width a are set out much more expeditiously, 
OS by one set of the instrument {i( no obstruction occur) they 
nnxy be set out to any distance on either side of the instrnmenl, 
within the range of the telescope. 4. On sidelong ground, whioh 
presents no increased difficulty. Indeed, the real utility aud advan- 
tage of the iustrument can only be fully appreciated in rongh and 
nountainons districts, where the ordinary methods become totally 
impracticable. Lastly, as combining in itself both the theodolite 
and level. The telescope freely revolving horizontally, as in the 
common level, independently of the other parts of the in&tm- 
mout, remien it perfectly adapted for levelling, and thus pre- 
cludes tlie ueoessliy uf possessing both instrumenta — nn impoc- 
tant advantage in a peuunijiry point of view. 

AlTLICATlOK or THE INSTRCKKNT ON TH> GbOD1»D. 

When tKe /I'ne is ttraight. — In proceeding to set out a series of 
wiJths when the line is straight, tirst set out in the ordinary way 
(using the iustrument as a level) a pair of widths as far as possible 
apart, or at any convenient disinuce, accordlas; to the nature of 
the ground; or, where practicable, put out the formation width at 
the commencement of cutting or bank, and make this one of the 
points established. Then clamp the telescope, by means of the 
rerticftl arc, to the sugle or inclination of tlie slope, and set it 
at one of the points uready determined, so that the oross wire 
shall cut the top of the peg, or coincide with the plane of the 
slope at that point. Then direct the telescope to the distant peg, 
or other |K)int delermin&d, adjuKting it by means of the screws 
ou the horizontal arc, when it will now revolve to the plane of the 
slope, the cross wire coinciding with the surface-line of thot plane 
throughout the whole distance to the next change of gradient, 
which may now be "nicked out," or the batter-pegs put in oq 
either side of the instrument, as far as the range of the telescope 
will admit. Tbe operation is then repeated for the other side of 
the cutting or bank, the two points for a basis being already 
fouud by the former operation, 

fT/itn the line i* on a curve. — Id settinf; out widths on a eurve, 

first accurately lay off in the ustial way, by means of a cross 

staff or optical square, a " square" line, or line at right angles to 

the tangent of the curvo at each chainage peg in the centre line. 

Then set out the pair of widtbsas a basis, and fix the instrument 

at one of them, as described in case of straight. Having done 

D'17I9 
this, calculate the tangential angle for the distant peg, — =r— 

D beiuff the distance in chains, and B the radius of the curve in 
chains (or refer to the tables). Clamp the horizontal are to this 
angle, and the vertical arc to tbe same angle on the graduated 
scale, and direct the telescope to the peg. Clamp the lower 
plato. Uuclamp the top plate, and the telescope when set at zero 
IS DOW on the tangent line, and the method of procedure is the 
same as setting out on ordinary curve by tangential angles, aa 
before described — that is, iloubling the angle for the first chain 
for the second, and adding it again for each chain fon^'ard (or by 
using the tables), the vertical arc hein^ clamped to tbe same 
angle for each chain respectively. The intersection of tbe crou 
wire of the telescope with the sqnare line set otf at each peg, 
determines the surface-width at that point. 

The iustrument is the invention of Mr. Jomca Lia1«r, CJL, 
Clare, Safiblk. 



AECHITECTURE AND PUBLIC WORKS ABROAD. 

TsB Royal Institute of British Architects have recently, 
Uirough their foreign secretary, applied to tlieir foreign mem- 
bers to communicate information as to tbe state of architecture 
and the progress of works, public and private, in their respective 
countries, and several foreign members have already complied 
with the request. The Cbevidier I. da Silva, president ui tba 
AasodatiLiu uf rortugucw Architects, commuuicatcs the follow- 
ing obser^atious. Writing from Lisbon, 23rd December, IS64, 
he says: — 

" Nothing y6Ty important in architecture has been done in this 
country since the construction of tbe church of tbe Estrella, built 
by t^uuea Donna Maria i, and tbe commencement of the new 



»G 



THE CIVIL ENGINEER AND ABCHITECTS JOURNAL. 



[Tathl.lSK 



Kojral lUaoe of Ajuda, the public not baving snfUci^nt artistic 
tABt« to reeogniM the merit of good nrcbitectiirc. The(ioverDm«t]t, 
for iU pan, v not rich enough to undertake nuy great works. 
l>midcs railways, id u-hich our artcoald display iU resources and 
offer sortiethiog worthy of observaiion, and thua iudnco a taste 
for Ibe Fine Arta amon|; tjie inhabitants of i*ortu|:^l. It ia true 
that a chateau has been built fur ILM. Don Fernando, at Cinlra, 
but the building is rather a picturesque royal cottage than a 
palAce, properly 30 called, for ita architecture ik more a caprice 
than an afiair of taste pure and monumeutal. The most important 
private constructions have hitherto followed the taste Hdopt«d iu 
rchaildin^ the city after the great r^artbrjuake of 1755— viz., that 
diapUyciiDy the architect, Frederic Loudnvicjin the palace and con- 
veutatMafra,atypewhichha«been generallyimitated.and become 
habitual for want of a better. However, of late, honaea of better 
fl^le and material have l>eeQ erected, Kome with jraliahed marble 
fronts, Kiving another character, while iu their arrangement the 
endeavour has been made to sfttisfy the requirements of modern 
civilization. The fn^nde of the new Chamber of Peers is already 
well adranoed, aud will be entirely of freestone; the architecture 
is not amiaa, but the choice of the aite for this fa^e, the way 
left for the principal entrance and the pnhlio nervice, art) altogether 
faulty, even abuurd, pnjduciug a very bad effect, unbecoming the 
|«!ilac* of the Upppr (Uiaiulwr. 

(ircat works will sliortly ho undertaken. aji thepalaoeof Ajmla 
ia Iu b« finubed, bat not acccrdiug to the original design, which 
wuuld have made it twice tbe length, aud out of all keeping with 
the present domestic requirements of the Court. The works 
alreatly in hand will he terminated by placing square towers at the 
twootber angles, like tho«Hj now built The [>nlacewill beaituated 
between the two Urandes Palaces, and the side fronts wilt faoe 
gardeuF, while their majeeties' suite of a|)artmcnts will overlook 
the river. In this construction somethiug may be done to advance 
art, for thcro will lie a fair opportunity for the dittplay of talent 
and g'jod taste, ample space bt-ing at command, while fundi will 
not be wanting to reuder it au edISoe perfect and fit for the 
habitation of the suvereign. 

An astronomical observatory is also in band, iu n 6ne situfttioD, 
on no cmiuence visihlo fcoiii all parts of the city. The plan 
pr('«eiil« no novelty, for itf-)llowa that of the Htuuiian observatory, 
• tiintniBhed by one half. It is su an-nugcd as to annwer the 
purpose in view, but, uufortuuatcly, tlie nrcliteclural detaiU are 
not the moHt classic. The |n.*di*Hijd of the uionumcnt to the 
memory of the great Portuguese poet Camowts ia laiil; but it ia to 
be regretted that the place la irrfgolnr, and that the itesign was 
nut ciiicuKited for it, while the style does not hamiouiaa with the 
Hurronnding buildings. All this is against cumtuon sense, and 
fihowa at once that the monument is out of place in ita present 
sitnatton. Tt is, moreover, a pity that the first erection of a 
monument here to oommemonite a great man should result in 
a failure, as it may deter us from raising other memorials to 
those who have rendered good service to their country. 

The chief station of the railways in Lisbon is well forward, and 
will be finished next year. Itaarchiteoture is mcrcautile fpermit 
me to use the word), fur more thought has been Iwstowed on 
making a vast building well lighted, rather than a monumcntAl 
one, Buch as would become a great capital. The ronf of iron h 
very strong and carefully constmcted. I need hardly my it, was 
made in your oouDii-y, for whenever wo want anything finit rate 
in such matters, we have always to send to Kngln'nd. 

We shall shortly have an artistic exiiibitioii of designs sent in 
competiiiuu fnr the monument to the JCinperor E)ou Pedro, which 
will be place I in the Great Square bearing his name. It is said 
that there will be more than seventy modidn by artisU of 
variouB oountriea. The Commission has them all photographed, 
(o form an album, and by the ccmpariatin judge of the nrtlstic 
meritji of the designs, and let the public know if the prizes have 
been awanled to tliose which are considered to pniwesa the most 
merit. When this exhibition tjikes place, T will take care to 
send yon timely nniice of the relative merita of the models. 

Among the number uf private conatrncliona now in baud in 
Uabon, I must not forget to mention tbe fine palace of the verv 
opulent banker, M. Eugenic de Almeida, peer of the realm, ft 
is theonly one which shows becomiug architecture; and it is more 
remarkable, becanifo that gentleman is the only one of all the rich 
men in our country who has built a palace without regard to tbe 
c«t, and the time required for ita completion. The proportions 
of ibis palace are very good, nud it is :u,lorncd with sculpture, 
*hile tbe interior i% richly gilt, A:c It may be said to be the 



Bneat as yet in Lisbon, both for good taste, magniticence, and 
artititic merit But if even these modem constructions did nut 
evince a favourable dispo.<sitiou for architectural progress in this 
country, the very excellent restoration now in hand oftbeconvenu 
and charch of the Batalba would alone be a striking inataQMk ' 
M. Lucas Pereira, a I'ortitguese architect, has superintended the 
works for the last nine ycara, with much skill an4 Acrupulonmea^i 
worthy of all praise, preserving the character and the omameDli. 
so as to make them all appear of the same epoch, wbilat be hi*^ 
most carefully attended to the modern construction, so tbat it may 
last for many future ages. 

It is to be regretted tbat the oolonred glaaa, wanting on tbe 
side bays of the choir of the church, was not made good with 
imitation of the fine coloured glasa which existed of the time of 
the building of this cathedral. But this waa not the fault of th* 
architect, but aroee from economy — false, indeed, In this tnata&Deyi 
for in works of this importance in hifatorical edifioea, such narrow ' 
regard for expense should not be indulged. 

To couctnde. Our Art seems to wish to make an effort to 
abandon the ancient n>utiiio which tbu taste of monastic buildingn 
bad impressed ou all the cuuHtructlous of this country. It nppeu*1 
aleo tbat tbe public begins to feel the neceisiiy of baving ULioreof| 
tbe comfortable and the elegant in order to live more at 
And in order Iu obtain that, it is nhligud to ask from the Fiil^>1 
.A.rta the assistance necessary which ihey alone can give to thoaaJ 
who have tbe good sense to spend their money proBtably anti-J 
agreeably, and to concur for the civil ixation of their country; and T 
thit) civiltrjttion liaa been always marked at all epochs by tbs 
progress of architecture, which trannmite down to posterity tb« 
fame of the people who have sncoessfully cultivated it. For my 
jMirt, I do all I can tbat our art may follow the general devel<^ 
nieut of onr age. I have just commenced a course on the 
fiIouumc»t«I Architecture of Ajicient Nations in the lustitute 
of Portu;L>aese Architects, tiuil, in order to attract the attention of 
the public, I have in preparation large coloured drawings of ancient 
monuiuculM. It is gixid news for the Fiue Arts in this kingdom^ 
that his Majesty the king has juRt made the nmnifioent gift of j 
1 2fi,000 frs. annually to purchase objects of art for the PortugtM*« | 
Academy." 

"Tbe grand works carried out in Paris of late years hr.ve ex^ 
cited theenmlation of thochief townsin France, which h.'vvedesiredf i 
like the capilul, to form for themselves broad lines of communicib- 1 
tion, public promouades, monuments, &a &c. MarseUIea has not 4 
remained behind. Groat works, public and private, have beeuj 
uudertakeu. Of tJuae, either executed or in hand, I now giv» 
a summary. First, the porta. The old port was insuflicieut, 
having only 270,400 metres* of surface and 2200 metres of nn- 
loailing quay. New portn have been formed to the west of tba 
city, iu the .An.te de la ,Toliett*r, by means of jetlien formed of 
blocks of stone, natural and artificial. There are three of tbeaa 
ports — the JoUette, tbe Docks, and Napoleon. Their uuited aiei| < 
ts 5iH),500 metres, and development of quay 9000 metres. They 
have cost about thirty-four million frauce-t The area of 'these 
three porta united is more than double that of the old port If 
to the cost of constructing these porta we add that of the mari - 
time esttbliAhmeuts which complete them — the auueie of the 
Port Imperial (now cou struct iug), which will cost twenty milUona, 
the Basins Ruloud, four millions, tbe docks and eutrepota, wbicb 
have cost twenty millions — we arrive at a total ontlay of sixty-l 
four million francs. A new qunrtcr has arisen north-west of the j 
city, where these ports are situated, by means nf broad and direct | 
roads, bordennl by buildings for vuriuus industrial purpoaes, aad " 
by dwellings for the maritime population. 

Among the moat Important formations of thoronghfarea tunat 
be named the prolongation of Hue C!nnebiere on the site of Boa 
NoaTlles, and the formation of ituc Impcriaie, intended to fonu 
the shortest line of conmiuntcation between the centre of the 
town and tbe newnuartera of the dockic Several streets, considered 
insutficient. have noen widened, both in the old and in the nev 
town. But in order not to enter on snperfluous details, IwiUJ 
only speak of Rue NoaYllos and line Imp^riale. Hue Cauebiere, j 
30 metres wide by 2A0 metres long, commencing at Conn Beb-J 
zuncc, and going to the nid port iu a westerly direction, has been ' 
prolonge<] eARtward, of the saire width, auil an equal Ifngtb, oa 
the site of Kue NoalUes, which wom only fl metres wide. 'Vive 
formation of this new Kue Cauebiere, which retains the ancient 
name Noaillea, has occasioned the demolition of uinety-fourhouMi, 

■ Mc«n)=>'SStBat,£sKU«li: Uirw nptr««. Ui nnuul tiiiinberi.=t«Ieel. 
t MUUab tW**, tn nwL number*, =£,W.0C9. 
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[,#t & 430Bt of Dine TnilUoa frui«a, and the pj&ctmcnt ofiSOO per- 
^ uu. Th«M two itreeU, Canebien and NoaiUea, which are now 
ne, form the grand arlery of the Phocean city. Hue Impemie, 
kwqUj iuaagorated by the £uiperur, la 770 tuelrca long by 24 

nvrido. It outa obliqaely thruu^h the ohl town in a Dortb-weat 
directioiL This ouuaiilerable catting baa occaaioucii the exappro- 
uriation anJ Cha Ueinolitiou or 9:^^ houses, inhabiLeil by a |xipn- 
latioa of 16,000 aouLa, or wurkuieu, wlio have migrated to the 
hwum bvill in the labarbe of Uie town. The cutting away the 
ItigjiMt part of lh« ci-eat of the hill on whirh the part of the old 
towu travenad by thU street wae built, was 20 uietrce deep. 
The average quauUty remuvtd by this cutting, over the whole 
■ur&oa, was 1,600,000 cubo metres, juu-tly breccia, tuffb, and 
jtrouttd. During the work, some ancient tombs of aofl lime- 
atoue aud lume »tele, of aniall dimenaioua, suppoeed of the Phce- 
hiciaa epoch, wpre fouud, also some lueJala, among tliem une of 
ailTer of an uukuuwn Greek colony ; snd lastly, towards the oUl 
port* die hull of ou ancient bai'qne. But all theae dificoverii^a are 
of T«ry little wcha-ologlcal interest. The total expendituro for 
tb« Rue Impertale amounted to the sum of twenty million franea. 
At preaent a new eultiug Lhruugh, which ia not without iaipur- 
tauce, is bein^ executed. Il ia fur the purpose of formiug a car- 
i-iage conimauicatLon between the north and south quarters of the 
town. With that view, the Cuum Licutond is being prolonged 
to th« Bouleranl du Muaee, on a length of 500 metres, and a 
width of 24 metres, traversing obliquely Rue d'Aubuguey Rue 
Keavr, and Rue Chi^teau Redon. Eighty housea are eiappro- 
priated; the oost will be 4,200,000 francs, includioff the ramoTnl 
of 100,000 cube metres o£ ground. Population displaoed, 3400 
iuhabiUnta. 

^ Sev«nU botilevanis have been openwl, oonduciug to the embel- 
Ji&hmeui of Manteiilea; but I will only niontiou the maguifioeot 

Eromaoade, the Prado, which is now wmpletod, by the Cnemiude 
i Coruiche, and the Park Borely. The promenade du Prndn is 
34A0 mctree long, in two divisioua. The first, Htarting from the 
Place Castetloue, goe« south fur a length of 1620 metrea and a 
width of 80 metres, with six rows of trees, aud abuts on a vast 
tttrcular space 180 metres in diameter, with a basin aud fountain 
lu the miJdte. The other divi^un, turuiug west, lAM metres 
k>ug aud dO metres wide, with four rows of trees, aiarla frum the 
ftbuva-oamed circular apace (Rotonde), and abuts on the aea 
boach, where the Chemin de la Cumiche begins, which follows 
tlie li&e of the coast, passing by Boucas Blanc, Is Vallon do 
rOriol, Endoume, to the l^ina Catalans. Theoce, crneaing 
through Fort St. NicboUs, and along the quays of the old port, 
ve come tc the centre of the town. The whole length of the 
drive from Rue Canebiere to tlie same point again, is ll,iifi0 
tnstres. The Chateau Borely, a recent ac^iuinition by the town, 
is siUuited nt the extremity uf the Prado, anil south of it, on the 
right bank of the lluveauue. In this property [uf 520,000 metres 
of surface) admirably situated, a Qne pork with dumps of tr«ea 
rliaa btfcu formed, bcaides caaisules, sheets of wat«r, aud a race- 
~~ nne. The principal building, one of the last century, has been 
opriated as a National Museum. All these items have cost 
an than a million franc«. 

The meat important public huildiuga finished in the last four- 
I years, are tho CeUular Prison for 200 priaouers. It occupies 
LToftof 7O0O metres, and Uie building has coat .500,000 francs. 
It ia siiuiited in the Qnartier Cbave. The Prison, or Maison 
•r Arret, in the Quartier St. Pierre, for SOO itimat«a. The area of 
the boildiags finished is 10,000 metres. Coat 600,000 francs. 
The new Ctvil IJoepital (de lu Conception) in the same Qo&rtier 
St. P)«rre, hulda 7d0 patteutB. It has onat 1,600,000 fmncs, and 
occupies an urea uf £^000 nietrvs, including courts, nutbuildinga, 
and airing groonda. In the same quarter, the Lunatic Asylum, 
calculated Ktr UOO patients of both ssxea, built on an urea of 
uuod of 30,000 metres, Iticludiug the various courts, airing- 
i1b4s, the chapel, the ofEciid residence, attendants' lodgings, 
I ootbuildings. The outlay has been 1,500,000 francs. 
The Military HospitJil in the Rue de Ludi, occupies an area of 
p],000 metrea, including the cour. in the oentre. It is arranged 
leocive 600 patienla. It has cost one million fmncs. The 
rraoks tor the Qendarmerie, ou the Prado, capable of holding 
it: brigudee, oocupy an area of 3500 metres, and h«s coat 
>,0OO franos. The Cavalry BaiTaeks, for a squadron, and the 
Artillery, in the Qnartie Memptnty. The Infantry Barracka. 
tor a LattalioD, in the Cjuartier Sl Ijimbert The gr&it Infantry 
Buimeks, for a regiment of 3000 men, in the Quarlior Sl Charles; 
wad ocur ibsee important barracks an arsenal, maguziue fur field 



tfTtins and eqnipago, and bnilding for nfjaus; vast establish- 
ments, which have been executed oy the military engiueers, and 
of which Ibc cost may be estimated at five million francs, The 
Exchange aud Tribuual of Commerce, oontaining the Chamber of 
Commerce aud its dependencies, meeting- rooms aud dopaudeucies, 
the Registry of the Tribunal, and the Syndicates of the ageiite 
and brokers. It is built fronting the Rue Canebiere, the oenlre 
of commprcial affairs, on an area of 4H(X) motres, for which site 
4,800,000 franca have been paid. The building has oust 3,200,000 
francs, total outlay 8,000,000 francs. The Chamber of CoDunerce 
has paid all this oatlay. 

The Palais de Justice, for the Tribunal de Premiere Instaoee^ 
has its principal fsfade omamenteil with a Grecian Ionic portiee 
of six columns, raised on a fiight of twenty atcpa. It is sitosted 
in the Cours Bouaparte, ou an area of 38O0 metres. CoBt 
1,800,000 francs. Thf* Mont de Piete, a large buUdiug in the oentre 
of the towu, on an area of 3000 metres, with a court in tlie 
centre, has cost 60(^000 fnncs. The Faculty of the Sciences, on 
the Promenade dee AU^ee de Meilhan, has cost for building sod 
occupation, 2'i0,0O0 fnincs. Tlie Communal School, on the Boule- 
vard des Dames, ou a sits of 1250 metres, containing iofanta' 
cribs, refuge, girts' school, orphauags for twelve hundred obil- 
dren, with workshops aud lodgiogB Ur twelve iuBtractreaaesi the 
outlay for its construction has only amounted to 260,000 francs. 
A Zoological garden in the Quartier Cbartreux, occupying a 
western sice, and very picturesque, with an are* of 50,000 metres, 
has caused an outlay of a million fi-ancs. The new oemetery in 
the i^iiartier St Pierre, ooeupying an area of 228*000 metres for 
the Catholic, and 12,000 for the Protestant division — together 
210,000 motren. Purchase of the ground, rj^TfSOO francsi worka 
of ajiapUUou hitherto. 150,000 francs — toul actual ontlay, 
So7,0<Xt frauoe. A synagogue in rue BretouiJ, in half Byaaoliue 
style, has coat hitherto 400,000 francs. 

Several churches, chafiels, and convents, boilt tn the town and 
in the ontakirts, in Roman, Gothic, and Re&aiaasnce styles; aomo 
on the Baailican plan. These varions religious edifieee, tn gene- 
ral of little valnc in an artistic point of view, have ocoasioned a 
total nuilay which may beeaUmaladatabout three milliou franca. 
The buildings in ooursa of erection are: — The new cathedral (iu 
the Byzantine style), of which the Elmperor Napoleon III. laid 
the first stone in 1852; a monument very remarkable for it siae 
and ita religious character, 130 metres long by 40 wide, not iooltMl- 
ing the projections outwarda nf the transepts. Total area, 0>500 
metres. Ttic eost, according to the design, will amount to Al>out 
twelve millions — four millions have hitherto been expended. 
The buiMiug is up to the springing of the internal vaults. It is 
constructed in cunraes of hard ntoue, externally white and grey 
(the tatter from Florence), lutemally white aud red (the reil beiDg 
marble from the Depnitment du Var). All the vaulting will be 
of brick, to receive fresco paintings. The internal columns will 
be of coloured marble. This monument will have four cupolaa, 
two bell-towers on the fa9ade, and a great number of tnrrels 
around the cupolaa It has been deeigned, and the erection is 
superintended, by M. Leon Vaudoyer, architect of the govern- 
ment, and corresitocding member of your Institute. TheMnseuni 
of Paintings and the Mnscum of Natural History, two separate 
piles of buildings, but connected by a circular gallery ornamented 
with columns, with a large reservoir in the centre with groops of 
statues; cascades and h^ins in the middle, grass plats, planta- 
tions and flower-beds complete the effect of uc building, which 
is situated on an elevateil spot, with a carringe-approach by easy 
incline<l planes. Its style is that ot the Benaisaance. Itoocu- 
ptes an area of 4000 metres, and will occasion an outlay of three 
million franca. The Public Library and the School of f*ine Arts, 
building to the south of the Imperial Lyceum, upon a plot of 
ground of 281*0 metres, including coarls and dependeocies, and 
separate dwellings for tlit directors of the library and ck the 
school: estimated ontlay for the construction only, 1,500,000 
francs. The Chapel of Notre Diooe de la Garde, much venerated 
by our sailors, situated on tbe top of a hill south of tho town, 
reboilt iu the Byzantine style It is crowned by a cupola over 
tbe sanctuary, and has a square betl-towvr at the westerv eo- 
trauce, on which will be placed a colossal statue of the Virgin, 
of bronee gilt. The cost of construction has thus far amounted 
to 1,300,000 fraucB, leaving still 0i>t\O(X> for its completion. The 
total sum for the rebuilding of the Chnpel of Notre Dams de U 
Oanle will be I,iK)0,000 franss. The Imperial residence, built on 
the promontory of the old Anse de la Reserre, south-west of the 
eu I ranee to tlie old port, a magnifioeoV situatioii ovsrlnoking the 
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porta. The whole of this neidenoe occopiefl an irea of six 
thousnod five hundred inetree; the buildiug 32<> inftrps. Th« 
ootlHy, pnrchA»e of the ground aod ocuslructioD, wilt coiue up 
to two miUion fraDcn. 

The new Prefeotnra — n large hotel with a court in the ceutra 
aod A gard«n to the emit — contAlning the rMidence of the Prefet, 
apartmentgof state to receive the Sovereign, roomti for the Under- 
ppefet, geueral wcretary, all the offioe«, lootos for the archiseB, 
and their depeudeooiea. This vast «dific«, in the mixed style nf 
the ReDaiaaanee, nccupien a hectare* of ground, including courts 
aod garden. The iinrchaso of the ground hiui oost 6,000,tXK) 
francs, aod oocaaioned the exappronriation of thirty large houses 
and Uie removal of four haudred inhnbitADta. The works of 
ootLBinictioo executed op to the present time have oo»t 2,600,000 
iranos. TotAl outlay, 8,GO0,O0O franra. It will enst fur the 
tiniahiDg of the building. 1,800,000 francH, and for the iotemal 
daoomtiou and furnishing, 700,000 francs. Tntai supposed ont- 
Iat, about II.OOO.WW fraocH. Lastly, the Hotel Dieu, an hoepi- 
taJ rituated in the centre of the old part of the tnwu, has been 
restored and ooiupleted after the plans of Mansard. The ap- 
proached to thia ancient hospital have bceu disencumbered by 
pulling down the housea which ohstmeted the enlargetnont of 
the bmldiug. The outlay for the works done, and to be done, 
Day be eatimatod at 2,r)00,000 fnuics. 

Other projects ai-e being considered. New thoroughfares to be 
cleared through the old town, and the enlargement of the Hotel 
de Ville, now inadequate for the wants 'if a city whose popula- 
tion is increasing every year in a oonsidcrable pmporttoa. This 
population, wbica under the First Empire was onty eighty thou- 
sand souIb, now exoeeds three hundre<l thnniuind. Of cnurse 
private buildtugs are singularly uiultiplied, owing to this increase 
of population, as well as the opening of new quarters of the 
town, aod tbe ihoroughfaros cut through the old parts of it. 
Mjiny hoosee with three windows and with two in front, and of 
a vary melancholy appearance, harw been deraoliohed and re- 
ptaoed by apaeiona honsen of six storeys, mnnLl y enriched with 
moaldiugsandorDameabation. Not that aJl these buiUlingH which 
have prvtensionii are marked with the ?igu of nrt and gf>od taate 
—such is far from being the oat»e; the retinlt, however, has boea 
progresi in workmanship, and in the artistic tendencies of the 
population. 

As regardii the public buildings which I have enumerated aurl 
briefly deecHbed, they are not all irreproachable; but there are 
wmo remarka'ble ones among them, suuh as the (^alhetlml, the 
Museums, the Lil)rftry and Ecole dea Bf-aox Arts, the Chnpel of 
Notre Damn de la Garde, the Barracks, the Prisons, the Lunatic 
Asylum, the Falaiii de Justice, and the new Prefecture. I »-ill 
not say anything about the Excliange and Tribunal of Com- 
merce, being the architect who designed that important monu- 
ment. The establishments conrtrui^ied by the 8uito engineeni, 
tbe ports, dwks, &e. &c., are perfectly appropriate, and deserve 
oommendution for good arrangement and skill io satisfying the 
demands they were required to provide for. 

From what has been said, it rfBultd that the aggremite of the 
works underUiken at Mareeilles during the terru of fourteen 
years, at the expense of tbe State, of the Department, and of the 
Corporation, amounts to a total outlity of al>out l6(),0'Hl,(jrK> 
francwt — in itself a handsome figure. But what would it W if I 
added the outlay caused by the construction of the nutiUry 
establiahmentfl, tobacco manufactory, works and factories; in 
short, the couulruction of habitations on the new lines of tho- 
rougbfai-e, and in the various suburbs?'* 



STOCKMAN AND SCOTTS IMPROVEMKNTS IN 
FOUNDING SUBMARINE STRUCTUKES. 

I]|pao\-XME}rrs in the xuenns of coustructiug aea aud river em- 
bankmeutjt, walls, and simdar structures, have eu^aged the at- 
tention ot engiucuni and iuv«nu>rs for a lengthened j>eriod, ami 
great profeesional skill and iugeuuity have b^u employetl in the 
effort, the object being to pruviUv an ullicteut and economical 
substitute for the <xwily alternative of timber cotfer-dams. 

One of the uoei receut aud, ho far as ^et tested, successful iu- 
vettUoua for this purpose, forms the auhject of a patent receutJ/ 

* foil <l K09IU) MToi. Ttit bMtue U 10,0011 wturc tncUm. or llMt'tt EoriUh 
■•1WUW ynrtU. ' 

I tX,Ht9,vO0 Kuglbti. 



granted to Mr B. Pryor Stockman, C.E., and Mr. J. Shcppard 
Scott, from the specification of whidi we extract the following 
description : — 

"Onr invention relates to the preparation and providing of 
foundations for strneturee required to be erectwl in wat*jr or in 
marshy or wet gronnd, aod is a|iplicable in all cas'-s where eoffcr- 
dams have hitherto been found neccft*ary. Acco'xJing Ui onr in- 
vention we propose to form a foundatinn platform of iron, atom 
timber, or other suitable materials, siipporteil upon and securely 
fiiatened down to cylinders or piles or other suitable tiupporta, 
and made autficiently atrong aud water-tight to admit of the 
superstructure lieing erecteii thereon, and resietinz the upward 
pressure of tlie water. A tank dam iji to be attacbe<l to this plat- 
form, of which the platfonn ita^-lf forms the water-tight bottom. 
By this armngeraeot a secure and dry chamber is obtained, within 
which the structure can be erectwl. As each section or length of 
the structure is completed, the siden aud ends forming the tank 
dam may be removed, leaving the strurtiire sujiportcd by tha 
faaudatton platform. lu cases where the pltitiorm might b^ 
liable to oxidation or rapid decay, or required to be remnred, 
"relieving" or "ground" arching or enncretc or Ktone blooka 
may be usod in the lower part of the structure, which would fnrra 
a suthcient foiindntion or snppcfrt, bearing directly on the cylin- 
ders or piles in the event of the platform ^tng entirely destroyed 
or removed. 

The essential feature of our invention oonsiata in the means nf 
forming fouudatious for embnnkmeut^, sen or river walls, mole*, 
breakwaters, piers and abutments of bridges, lighthouses, or any 
other kind of Biructures or buildings of brick or stonework, or of 
any other materials that have to be er*^-t#d in water or on the 
margins or shores of takes, canals, riven*, seas, or on their beds, 
that is, wholly or partly immersed in water, so that such atrofr- 
tures can be formed, built, or erected in an enclosed dry tempo- 
rary ehamber, without reiw)ning to the osual method of ilriven nr 
sunken cofferdams aud excavated fonndationa within them. We 
make use of the mrious modes of forming pier or pile »npportfl 
that have hitherto t>^eu in u»e, Huch fcr inatnnoe as linking cy' 
linders, and fillinc them up solid with concrete, brrckwyrk, 01 
other suitable lilliug up; or we use screw piles, iron, or driven' 
piles, corTnKate<l iron pilea, nr a natural rocky bed, an artificial^ 
bed of rubble, nr any means suitable to form a support or bear-' 
ing for the upper work, which in detail is constructeii as fol- 
lows: — Wo construct and use a "sealed jtlatforra" and a '^tank 
dam," and these two oombtned together comprise our invention. 
The eeale<l platfonn ouy be conclructed in various ways, acconl- 
ing to the requirementa and the meiuis and materials at hand ; 
for eiample, it may be of cast or wroucht iron in the form of 
girders, joiste, and plates, or of groined platen, buckled plate*, 
or of cast or wrought iron, or both combined, of any suitable 
form and arrangement sufficient to sualiiia Ihe load of the strnc- 
tnre, and to keep ont the water. Round the margin of the 
"sealed platform" there are vertical aides and ends attached to 
il, forming with it a "tank dam," the sides and ends are of 
wrought or cast iron, so formed aud arraTjge<i as to resist the 
pressure of the water from without, and to enc)nse a convenient 
chamber in which to build, construct, or erect the permanent 
slruciure. The joints in the "sealwl phttform" and "tank dam," 
are cemented, caulked, or packe<l, or made water-tight in any 
other way, and fastened by bolts and nuts, rivela, or other me- 
thoiAs of ensuring a proper fastening. The "seale<l pUtfomj" 
and "tank dam" are lowered on to the supporta or bearioga 
alrenily dnscribed, and fastened to them or not, as the case may 
require, or constructctl thereon. The permanent strncture, of 
whatever form or kind it may be, is then erecied with encloaerl 
space, and when completed the sidei aud <>ndM of the "tank dam** 
are removed, leaving the structure founded on the "sealed plat- 
form." 

The following are aome variatioufl in the details of the "sealed 
platform" and "tank dam:" — The aealed pUtfonu may be mado 
partly or wholly of other materials than cast or wrought iron, 
such for instance as partly or wholly of timber, or of slabs of 
stone, slate, or brick arching or groining, all of which are set 
in a girder framing of cast or wrought iron or timber, or other- 
wise bound together in shape and position. The "tank-tlam" 
aides and ends may be of timber, or of timber and iron ooni- 
bliied, or of other suitable materials. We also form a "tank 
dam" by sinking the sides and cLds deeply into the bed under the 
water, or by attaching them to !iupporL>i or tieariugs, in which 

I the "sealed platform" Is made by a solid maaa of cuuoreLe| 
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mbble, mMonrr* briclcwnrk, clay, or otlicr material, filled io up 
to the level of the foounei of the pennaiient atruclure to be 
ereot«d, and tbe up)>er sumce uf such fitliug-in itt Iben lefl level 
Ut noeiiv the atnictorft, or prpiiarwl h_v a paving of iron or tim- 
ber, or by other means, either level or in the form of centering, an 
that the Rtmctnre to be erected will have ita weight transferrnl 
by niPAca of relieving arohee or grcimnff directly *>u to the rigid 
portions of the BUpports or hearings, atich na, for example, the 
cylinders or pile*. We alaice ont the "tank dara" when neceasarj' 
by menna of valvPd or openings. We alao provide as»iiin«t any 
upward prcMuro doe to a bead of vater bv loading the "ucaled 
pUtfonD" all over, or by anchoring or fastening it down to the 
supports or bearings, or by pamping the accumulating water 
from nnder the Hitrface of that portion of the "nealcd platform" 
exposed to ita action, or we leave vents for the water to oom 
tbrongb to prevent the static presBorc due to the head forcing up 
the "sealed platform." We also use where required Hheetiug pik'sof 
tuDb«r or iron, or plates of iron, either plain, buckled, or corru- 
gated, annk into tho bed tinder tbe water, and between the pil<> 
or cylinder itapporta aroand the margin, to preveut the bed from 
being scoared by the action of the tide, and also to prevent the 
vnter f*ota penetrating and accumulating quickly under the saaled 
plalform. 

Oar invention in intondtxi as a substitute for either of tbe me- 
bods of founding a perniixnent structure called "tide work" and 
"hydraulic work," wherein the atruclure may be founded on 
wpporta or bearingn, such as wo hare deacribed, but without a 
*tADkdam." the "tide work" proesea only allowing the building 
• on dnring the timea the water ia below the level of the 
, and the "hydraulic" proceaa going on actually in the water, 
that i« to say, by the aid of diving or other anbmerged meane. 
Oiir invention, therefore, differw from the« proceases in bo far aa 
re eoustntcb and u«e a "tank ilnm" aa already described, forming 
I dry chamber, in which the permanent utructurc can be erected. 
By preference the "unk dam'' is made to extend in heij;ht above 
the hii^hesL water level, so aw to enable the permanent structure 
^t*i ppicpod at all atatea of the tide in the aea or tidal rivern; but 
e al«o use a "tank dam" of leaa height with a taeananf aluioing, 
tthat a strDotnre can only be erected dry within it while the 
Iter is below its top edge, tho time of working per ilay being 
^-d«tenain«d by the height of the tank dam." 

tfe«TB. Soott and Stookmaa'a patent is now being tried on the 
andjktioas of part of Mr. Gitaou's ontract of thu Works of tho 
nee Embansmeut (No. 2 Contract.). Tbe experiment would 
rlure been completed before this time, but for the fact that Mr. 
liUtSOn had commenced tbe oM fasliioued timber puddle culfer- 
^datna, before it was iutroduoed, on hia work. 

Mr. Ritaon's timber dania have been admirably couatructed, 

amd they have provetl perfectly succe«aful. The plan now before 

tta has, therefore, iuff*;red delay in comwjiience ; but from what 

we have seen of tho plan, we think it caunot fail to answer ita 

parpow well, and to be a more expeditiuua, economical, and at 

, the aamu time thoroughly aabstantial mode of foundiug the em- 

^bftakment «'all tbuu any other hitherto trieii Of the patentees, 

fire uiA^ aay that the firat-naiuud, Mr. Stoukuiau, is known to tbe 

pnkaeaou as au experienced cuginovr. 



Aef/iMjr Bridge over the .Seine. — The Wastora TUIlway of 

[Franoe is now oonatmcting a abort line to connect the town of 

[Boueu directly with the Paris and Cherbourg railwjiy. and the 

[work inclndea a bridge over tbe Seine near Elbtfuf. This con- 

L«tructioo will be more than 660 feet long and 16 fuel wide, and 

IwOi rest OD Ave series of tubular cast-irun piles, with intervals 

of about IttO feet between them. Tbe bridge Itaeir has been oon- 

Hlrncted on the honka of tbe river, and is now being placed on 

tbe piles, the entire structure, 200 metres long, being pushed 

forward by meuus of very simple arrangements from one aide of 

the river to the other. The operation was oorameoced some timu 

aince, when the end of tbe bridge rested ou the third set of piles 

after eighteen hoan' work. The weight of the hridgo is giwn ni 

, 1000 toue, and the moveoieot was uiven by sixteen men. The 

1 bridge ia the work of Measra. Schneider and Co., of Ci-eusot, vfho 

adopted tbe same metho«l in the caae of the viailucU of fribourg, 

in Switzerland, of Romans, oo the Isere, and of Saint Juat, do 

Ibtt Arti^fae. 



INSTrrUTION OF CIVIL ENGINEEHS. 
Ja*. 24. — The Paper read was " Account o/ the IftcJuand Warekotuu 
at AlarteiiliA." By T. Hawtbohw. 

It watt »tott^d that the port of Maneiile« oomprtned Ave docks in actual 
UB*t, and iMi« in voune of execution. Ihe ol't dock, or utd port as it was 
^nerslly tenocd, cunsjvctcd about tbe time uf Luuie XV.^ was farmed 
out of an inl<>t of the lea. 1( wu 1101) yards in length, wi^ a mean 
breadtli of 1 'i^> ywU, utd near the entnkiii--e tht.> dcptli of water was froto 
2\ to '2i feci. 'I'he diwlt de la Joliette, the fimt cntutruoted baain of tbe 
new port, was 5MU metrea in length by .1|s(l mrtros m width. TTie dock 
du Lasarct, whidi tterveri exdiixively fnr ciuttAios purpniws, cams next, 
and then tbe dook d' Areoe, succeeded by the Ni^lten dock, 380 metres 
in length by BIX) malres in width, recently oomnleted by tbe 8UtC^ wfeo 
worv at present engaged in the cuiuitraction of tb^ dock Imp^riale, as 
wdU is mvh^ docks, whii^ winiUI Iw <:xruut«d tu ttie level of the quays 
by tho l^outa et Chauss^ee, aud then \ie hande^l over la the "O- dn 
JDockit ut EntrepMi." All tbooe baoni were formBd by oonstrucliii){ 
moliM in the HLii, a (licr, or brcKkwator, parallel to the share, oonstitutiag 
tbe neaward side uf ibe e:icluf>ure. The earthwork for the molea of tha 
.)uli«tbe Mid Lazaret, ■• wcU an for filUug in the vpace iTpnn which tbe 
ma;;a^iiea and warehottaw wore built* was taken, for the nio«t part, front 
a. hill imnie«liat«ly to tbe east of the docks. This hill, of nearly 100 feet 
in h«ight, might hteraUy be said to have been thrown into the sea; two 
million cubic metcve ol 'dttUaia' havin|f lieeu thuH employed. The tnolu 
Arcne waa formed with 'dtrbUiii' fruui the Hue Imperial**, a new street 
uut through the old town to the levtd of the new town, which invnlTsd 
thti nxcavitEiaii ofl,200,OUO cTubicmetrefi. Previoua to the tilling>in of 
tht) Laxaret, excavations to the depth of from S to 10 mctn^ were made 
in 80UU4 places, Ui remore a nuus uf uliiny earth, that hid accumulated at 
that part for many years, fnnu llie residue uf old auttp wiirks. This earth 
-was so impregnated with a gntt-.n cnjuured matter, that obaoxkniB giaes 
were frequently giveit off, producing iUnees among Uie labourers. 

Iij tbe constraetinn of Ui« pier and breakwater, an cmbanlanent was 
ftnt fortocd of hard oaleareoua atone, moittly takrn In barges from the 
iaiandii upponite the port. Thij stooc wm« aorted in rlantrit thua, ruhMt: 
weighing fiiim 20 !h. to *2A(J lb. each pitNse; fimt clasii from Hii lb, 
to 1 ton i cwt. oach, MWiinrl ulrnw fn>m 1 ton i owt. to 3 ton 1^ cwt. eaeh; 
and third cLitaii fmm 3 t4>n ir> i^wi. and upwards, llie smallest material 
was used for tbe oore, or hearting, of tbe embankment, the larger pieces 
t>eing suooeiaively added. This embankment was leveUed at a height uf 
2 metres (0 feet 7 incbss) above low water, the wirfaoe being 7 metiea in 
width, and the alopei having an inclination of 1| to 1 in height. At a 
depth of $ metrei under low wab^r, the width of tbe embankment waa 
increased to 7"!i4 metrM, hori&mtally toward* the »ea, in urdi-r to receive 
tbe large coDcirtc bl<>ck«, td^^l on it promiscaouBly to hrvAk the force of 
tbe sea. The artihclal hluclu bad a width of 10 mtitivs at the level of low 
water, and tbcy attained a msso height of 3'8 metns above the same 
level On tiui inside of the ner, a (|uay, 80 metres in width, waa formed 
of natural blooks, with a wall in front, the latter having ita foundations 
ti metr«« below the water hne. The embankment ba<l a alope towards the 
dock of 2 base to 1 in height, and as ita formation pregressed it was 
from tune to time eofidlBed, by plncJog on it artificial Uooks, ia ticn one 
above the other, by ineatni of a floating crane or derrick. These blocks 
were geuerally olliiwerl to reoiain about tliree months. 

It having h(^n iwtcertairied, by Hxparlmmt, that l^ockii weighing SO tons 
each, aud measuring 10 cubic metres, could not he moved by the moat 
violent scaa in thu Mediterranean, artificial blockn uf oancrete were made 
uf au average weight uf 2S tuns; their dimexwiQDB being 2'i metres long. 
by 2 metres wide, and 15 melee deep. Tbeae Uooks were oumposcd of 
two uart« of hard, broken, fimealone, to one part of cement: tbe cement 
oonauting of five parts of sand to one of tunc. TI»c»o materials wen: 
mixed in portable iron eylindets, made to rotate by meant of a belt con- 
nected at pleaiure with a steam engine, which also drove the stones 
for mixing tbe cement. Af t e r the coootvte had been well worked, 
the mixtoiu in the ^linden waa emptied into wooden moulds, which 
could brt dntoched bum the blocks. The moulds were do ooiutructcd as 
to form a )^ove at each end of the Itlocks, for facilitating the lifting and 
setting of tbcm. Ttte contents of each cylinder wen- beaten down by 
two mcu, an operation which occupied liatf a day for each block. The 
moulds were ulowed to remain for at leaat three daya, before tbe caaos 
were nsmoved; but the falodu were not considered to have attaine^l suffl- 
ciant solidity and hardaess. for those that wen to be thrown nromieoa- 
ou«ly into the sea, oncil after a lapse of three moaths, and lor wm that 
WtiFo to lie employed io forming tbe fLiundatioos of the piers and quaya 
until after a period of six moutbu. The blocks attained, in course of 
tiuiu, a hardnuaa aluiovt )X]ual to that of itooe; thoM fiiet useil about 
sixteen year* back belog very tittle worn by the action of tho wavca. 
Tbe ciiat of the blocks was 1 2<. Hd. per cubic metre, or, tnoluding Mtting 
and ntber tocidcntal exprnuies, 16j. lOd. per cubic metre. The entire oovt 
uf tlie breakwater had amounted to from £2'J<i to £310 per luteal metra. 
In the ooBSlruotion of the quay-walls of the docks I^axarBt, Anme, 
and iS'aptdeoD, tbe system of budding on artificial blocks, somewhat 
similar to tbe mside of the pier, was adopted. At 6 metns imder the 
level of low water, an embahkuMmt waa formed of second and third 
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oloM ctooei, havioff s buM of from 8 to metrei in vidtb. tni an incliDa- 
tion at thfi mdet of I to S. Upon Ihu emtMnkment, and up tn tbp level 
of tbu water, four mwH nf Mtifioial blucka wm plaoad InngitutlinKUy 
%itU- Uy mde, making & tnt&l hffigbt of H nntrm, wilb a wultfa on the top 
iif ^-4 meCm. 'l\vn rnw« >>f hlookn w^rf iwu&liy piaaed on theae tu coo- 
wtlMlAte the cmtmnlujutm Ma4 wore allowed to r«maia for about six 
inotttlu. Whea tbay wan ratDovad. a maaoory wall waa buUi up to the 
lt^«l of iha quay. Ai iha back of lliU wall tlwre wen oiber aititioial 
Uoolu, fnna tho upper aula of wliicb a furibn- wnihanhmwct of aloiMa 
waafofioed, bat-mg on locliiuilion of 1 tn i. Tbu qiwvs of IhaAraua 
and NapoUoD dockn were 2 i mvtrea, aad tboae of tba taarat dock 34 
metrea, above tlie w«tt.-r-lui». Ii> wreral plaoea Iba embftiikroent benratb 
tho artificiiil blookit bad uinved, ^'enerally slipping: forward, and canainj; 
the artifidal blocks, ba well ah tlio qusy-wAUH rv»tiiu[ on theio, to incline 
over toward* tlie dock. Thia usually arcuw irtm an insutBetval tim« hav- 
baen allowed for oonaoUdatioii, and moat fracjuently oocuirvd in the qoaya 
or the molee, where it had canaed aome of the waU« to ywM. Owing to 
the initability of the quay-vralla, and m>ni the natum of the eni>»nk- 
nuuit behind them, the quxy-craueti aiaiply retted on platf^rtna of hmvy 
littlMtm, which had miHioiriil Imuw to iiiAiire fllahiUty during tho ''alcw- 
iiig" of thH jilw. Tha fintira lea^h of the quay* at pruMUt oonatruottxl, 
bMoii£iug U) the Dock L'ompuny, wnit 'iHO matna. Tbe ooet of the quBya 
above the embankment, tbat woa, of the c^uay-walla with the artifiuial 
bbMks supporting theui, waa £24 pur lineal metre. 

Shada, 14 and 10 tnetne in width, cKtonded oonipletelv round the 
dock da Lazaret. Tboae sheds were covered with a umpia roofing of 
double T ii^D| ^be raft«n for xupporting the tilaa buin^f aleo of iiun, of 
nn A eection. Tlie nide towarde the dodt waa eloaed by ntiding or roll- 
ilia do<ir« of comig»ted rinc, the roof reattng on thia nda on uaat'irua 
hcLow enlutuna, aiul on tha other on the walla of the ma g m ai ne e, Tbeae 
uuw&ihiaa were of one atory only at pnMnt, and were conatnictad nf 
iuIXIl' uuMinry. with dnaaed piemaad quuioa, and wroagbt-iroo roofing, 
witti VAuIbi in liriokwork. The amount of oovered apaoe, includinf^ iIm 
flours, waa<t7,132 iquare metres. The rit>itring fur all the magaainea and 
bIkkU wmb oompoaefl of a layer of aApbaltu ^ an inch tit tbtaKOHB, ooat- 
iuH 2 franca per tquan metre; but iiM:Iu<liu;( Uir leveliixig of the ground, 
mid th« led of oeiiuiul 1)«luw, thu cv-i w«m alwut Iranca per aquare 
mplm. 

Tba bunded warebouitea, or " entrepot eoaunarcna]," fonned oite bkick 
of bnildtngfl, to which went attached tho eompany*! offioaa. Two Unea of 
nkilwAV. and a public thiTmiKbfare whioh ran parallel to h, aepuKtefl 
th<iw} btult^Uti^ fnim the l><x'k du Laaarat. On toe aaatatda vara atdinita 
Iriiiii tb« Pnria, Lyuna, and Mediterraueau Railway, a junction with thia 
Inte Itavitiff Ikwii luade by fniwir< of an inoUiie and a tunuul uodf.'r the 
towii^ The len^b nf theiw warehouaeH waa S6A metnui [X'ifi^i feet), with 
a hnadth af 87'fi tnetrea, and a hei^t of 35'7 matnw. Tlie ofBcfn were 
of tha aatoe breadth, with a l«nj[tb of JI7'4 mefcna. The warHhi>u>iea 
wcie dinded into fuiir quaru^rs bach containing an interior ouurt with 
two dourway*. Then; wem ais Hbirice above tbn gn>uQd-6>i<>r, with 
vaulta below; the whole bAvinj; b»«n uoiiatructed in attuw and iron, the 
Cooceaion requiring that all tbe materials ghoold be fireproof. Hie mar- 
annry waa for the most part a better claaa of irregiiUj' rubhte; but tb« 
pieni, arvbea, quoins, windowi and ornamental work, were nf drRsaed 
aafalar. The ouat of the avveral kinds of na^^iuy and brickwork per 
cubic metre was, hard limestone dressed anil built iii place, ^4; leas hani 
quality, £3 it.-, soft oalcareoum stone from Miramaa, £'i is.; rubUe, 
ISi. 9d.; and brickwork, wbotlier of solid or of hollow bricks, £2 Ss. 
The thickness of the walU was 126 nvtm at ihn foundations, lUS mutru 
at the ground-fl iHir, ami diminished gnvdually to 0'&8 nu!tr« at the 
■ixth atory. Tliu 2rouiul<flaor waa auppurtud bj- maMtve itooe pil- 
Ian and vaulting, while the other floors reeled on coat-Iron oolumna. 
Kach quarter was jirovideil with two byiraulic b aisle, capable of 
lifting 1 4 ton each, ami with two aeta of lowenng apparntus, the 
cradle going up empty, by meaoi of a oountat^weigfatk whila the extra 
ehai^ orooght it down again. All tbeaa wacebouaaa wera oooatmoted 
wi^iout the aid of eoafTolding, by toeana of three travcUing cranaa, 
two on ouv ffide, and one on the other, of the buildui|{s. Tbeae 
cranes consisted stmplr of a jib, Sd tnetrea in length, suspended a 
little below its oentrc; the extreme load lifted at one tmie waa 2^ tons, 
and per day, by each crane, ISO tons. There were 14,1^(1 cubic metree 
of roaaoniy in these warehouses, and it had coat 3,0(KlfO(iO frmacs 
(£12U,0lX)) exclusive of tha fouudatioiia, the latter having ooit 308,000 
(francs. AU tbeduurs and window frames were uf wrougul-iiuo, £30 par 
Ion having beeu paid for the fomar, or in all, for tbe doors alone, £4800. 

The Boora for ea»:b itory were cempoeed of wroagbt-imn double T 
girden { a metre in depth, 4*53 metres in length, and vagluiig M£ kiloa 
per loelce. Tbeae rested on caitUiroQ h-jllow oolunuM varying in «e<:ti«n 
at each atury, aooording to the load. Tho junotion of two culumna with 
tba wrooght-trtm girders was made in auch a way as to allow of the 
ci^ianaHin nf the girdeia taking place. Otie ooliimn ahnply roatod on the 
tnp of the other, the two end* being toraed in s lathu, while tbe girders 
rosled OD tba lower flanges of tbe upper ediuuui, the attochmettt bmng by 
bolta. The ooluama were all oaat vertioal, were 4 metrea in bei|;bt, and 
w«e teated to support a vertical load ac)ua) to 3 kiloe pur uuUmielrv of 
aectiou. The wrought- ir<.<D ginlem were subjected tu a tanaiooal force 
e<|ual to I'i kilos per fflillmietie of aeotioo. The cost per ton of the girders 



had been £23. of the tie-reds ami other pieeos of wroughi Iron, 500 fnnca, 
of the columns and pedestals, 300 francs, and of orrlinarv castings. S7H 
franca. The vaulting between the girdera was built of hollow bricks 6 
inches ileep, ooating 1 n fnuics per square metro complete. Tbe floor* 
were all cnnstructed tn carry 'J tims pi^ njuare metre, but it waa heliered 
that they would bear much more with safety. 

Tbe wrcni^ifc-fnui roofing of the wanhuuMe waa then described in 
detail The girden were cumpoaed of twu angle iitms at the top, and 
two at the bottom of the aection, separated by strips nf flat inm, forming 
a sort of lattice web. Hae ^rdera were free tn move in the directiua «>f 
their length, resUng simply on a caat-iron shoe ambeddni in tha wall. 
"niey were 4 iDetres apart mmx oeutie to centre, and ware aepatatod at 
the crown by similar girders. The tiles were supported by imo ef an A. 
aeetion, 8 centimetres in depth, and ^'slvanjacd. It was calculated that 
this roof would sustain 4 owt, per aqujtrt^ metre. Th" vaulting between 
the girdcre was of boUnw bnoxR, nmiUr to those need for the floon, but 
much lighter. The %-aulting ooet, including all nrpenaea, 6t M. per 
square metre. 'Hie qoanttty of east end wroogbt-iron waa S40 tons, 
and its mean eoat had been £24 per ton. Ine total ooat of th eaL 
bonded warebuuaoa, comprisiug Uiaoliin^ry, hydraulic plpaa, koi, bad 
Imen half a millioD uf pounds aterling. 

Tlie autlior then proceeded to alliida to tlie graving dock aoDoniaMda- 
tiou at Maraeilka. wLicb wis at preeest almoet entirely of a proriaioval 
obomciur, a oansl of oommunicatiuB bot.«ccn the old and the new porta 
hav^ug been tcoiiMrarily cunvcrtfMl into two docks for tliis purpose at a 
oost of £Sl,2O0; the number of ships annuaHy docked iu these two doobt 
waa one hundred and anxty. 

There was Itkew m a floating dry dock, built of wood, about eighteen 
yean back. It was simply a doi. 64 metres io length by 11^ metres in 
breadth, aod 7 metres in depth, and cost, with engine*, &o., complete, 
Sfi6,000 fnoea. >'o rot whatever had ss yet appeared in the limber, 
nor h*d the wurm attacked it. 

Kew grarintr docks were in aonrae of coustiuetina at the narthenmoM 
exu«mity of ihe docks, leailiog out nf tlie doik Imp«friale. These would 
comprise two baatna, with a hydraulic lift, on Mr. Edwin Clark's system, 
and as'jiteble shallow basin for tlie pontoons formiug part uf thia system, 

In coiiclmuin, tba author gave llie reaulta of Bome txperimrnta, nemde 
by M. Barrel, tba angtneer-in -chief, on the hydraulic macfaineiy, with a 
riflw nf ascertaining first, tbe Tolume of water actually given out by 
tbe hyrlraulic pumps as compared with tbe interior volumes of these 
pumpM, or the working capacity at diflServnt apce<la of engine; aed 
aeoondly, tha useful meobonieal effect of tbe hydraulic M>parmtua aa 
compared with tbe steam engine and accumuUtor. ft sboold he stated, 
that the oharaeter of thia machinorr was preeisvly si.uilar U) tbat which 
hod been so largely applied by Kir William Armstrong in Kngland, and 
that all tbe designs were (uruiaht<d by liim, thu execution of the work 
having been ininistcd to tba 3oci^t^ dcs Forgea et Cbantters. Tba 
particulan uf the expnimenta vrara reconlud in gruat di'lail, from which 
it would app«ar that the witight lifted by the bydranlic boista woi only 
abcMit 45 per oont. of the power oontained in the wit r, and ■^O pt;r owit. 
of the indioal<>d horw-power 00 tho steam piston. This wnold awTn to 
lie a small rt-sull; yet where many machinea were as«<), there was uq-. 
doubt of tlie great adk-antage of this system, only one steaoi englDC(| 
Inring employed, and this coUacting tts forae, by means of oooatau' 
for a moment wheo many machinea might lie working siiaulb 
Tbe resulu of experiments with a three cylinder direct-a«tir^ 1 
engiue of 8 borae-power ware much greater, tbe useful roeohaiuoal ofiaet 
being 6fi per cent, of tba water used, or 20 per ceut. more than in the 
oaae of tbe hoista. 

Attbough. up to Uie preaent timn, the docks had tiot boon locoeaafal 
in a oommurcial paint of viuw, yet it was believed they oould not fail 
ultimately tn rwip great profite, aa well from the superior aconnnoda- 
tiuQ they affonlcl, as from the fact of tbe fiut increasing commerce of 
MaraeiUes, tbe imports and exporta Co wbicb might now be eittiratod 1 
3 million tons per annum. 



BEOADSTAIBS STATION, KENT COAST RAILWAY. 

iWitit an Bntrravi»if.) 

Tub awionipaDyiug plale iUustrates od« uf the SluUotis od lb« 
uew Keut CoAat liue> uow iucorpon(t«d with the I^udou, Chat- 
ham, and Dover Railway. Thia brADch in now open tn Ilams- 
gaie, aad has proved a great boon to tbe resideata of the much- 
fre<iueote<l wat^riug-plnoes io that neigbbourhocKl. Tbe statiou 
we tllustntte is that at Broad^taira, ami w« have no donbl that, 
aa this place Is thus bruught into lumiediaie onuDectioa with Ibe 
Metropolis, it will soon Deeome aa ^tcuC a favcurite wiib the 
public aa the sistor towns of Margate and ItamBgate. The lioft 
w&a coDStructed nnder the su peri n ten deuce of Mr. P. T. Turner, 
C.E.; and thia station afTurda a very fnir example of those lately 
exeout«d ou thia bntticb, at Itlargate, Herue Bay, and Bli-cbiog- 
toii, from the designs of Mr. JoEd NewtoD, of Salisbury-atreel, 
Adelphi, Loudon. 
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UPON THE SUPPLY OF WATER TO TOVTNS.* 

By Baldwin Latham, CK 

Huaiity of River Water. — The noality of river wnter Taries 

immeoBely with the chAractcr of the dialnct draiueJ, aud Boni« 

riv»r w»t«f», after beiug freed from the odventilious niechaDical 

I nutten preseot, arc of great purity, such for iuntanee at the 
mtera of some of the riv«rs of Switzerland, Scotland, Walen, 

' itnd the north of this country. It has been alreadj meutioued 
th«t the qualitj of river water is a mean between the waters of 
many sourves; thus, t}iQ uearer the wnter-supply in taken to the 
riw or head, the purer and freer it will be from organic impuri- 
tiM. Rivers Liking coniiidemble tiipplies from permeable di«- 
tricta, into which the rainfall |>«rcnlKtes the Btratii to TiiriouB 
depths before arriving at the river, will contain a larger amount 
of inorganic matter than rivers denting their supply from the 
aorfaee dmiiuLge of impermeable districts. Kiver water, aa a 
role, oootatits a large amount of organio matter, conaisting of 



minute animal and vegetable organism, aa well as of the matter 
acanitftd from the decay of vegetition, and from the surface of 
enitivatefl lands, ond in many ic^tnncea from the reprehensible 
plan of turning the newaga of the towns situated upon its bank* 
into the stream. There can be no doubt that a marked improve- 
ment would take place tu the quality of many rivers if compul- 
sory powers conld bo enforced to prohibit the obnoxious contenta 
of sewers and oesspiKjls being turned into the rivers, which under 
other circumstances, if properly applied, can be profitably 
utilieed. 

River water, taken at points removed from the centra of 
great populations, or from highly caltivated lands, is often very 
giKxi in quality, and being generally well aerated, is highly 
eHteeraed; the great drawback to the use of it is the variableness 
of ild quality and temperature. These matters, together with 
the various modes of purifying river water, will be oonsidered 
hereafter; but the following table givea a Hat of the impuritiw 
present, and the anrilysis of the water of some rivers: — 



Amxtynt of River Water. 



■od ssthorttj. 



Clyde — Penny ... 
SSTCTD — do. 

I fidoe— DeviHe .. 
■ Bhb»-do. 
' Oaroooe — do. 

lioire — do, 

Bhfxoa — do. 

Doabs— do. 

Hianiee— Letheby 

Ooaa (lly>— do. ... 

Laa 

Colne , 

Trent , 

Dee 

Don 



S'52 
•60 

n-809 
9*611 
4-S34 
S*37< 
6-334 

18-397 



•82 



21*65 



•73 



Trace 



•OSS 



•37 



4-55 
J • 4i8 



ll 



•633 



a- 64 



669 



•315 
-273 



8-40 



-864 



■888 



Trace 
IVaos 

TVaoe 



rrsM 



•21 



•23 
•32 
1-711 
8-428 
2-818 
3 848 
I-0S9 
l*n4 



8-69 
1-64 
8-OS 



7-8e 

8-7o 

17-84 

16-247 

9-685 

9-437 

9-0W2 

16-143 

22-75 

S3-a 
237 
21-5 
60-10 

3-89 



The following is a list of some of the towns of thia coantry 
that derive their water-supply from rivers and streams:^ 



Kamv of town. 

Bwibnrr 

£araata'p)e 

CwUda 

Cbastor 

Dublin 

Dutfaaa 

Hy 

Ssstar 

Hereford 

Ufracombe 

Xicaouastcni , . a, 

LeSTT. .„ 

'Uynn ,,. ... ... ... 

Middletbro* and others 

Newark 

Penrith 

Perth 

SonUuuapton 

Sl Tbunuu the Apostle 

aioekton 

Toninay 

WakdUd „. 

Wdfiwton 

Wolveraaapton 

Yfltfc 



QoMttltr of mitci' a««d 

dAiij. 

120000 gallons ... 
120000 „ 
1000000 „ 

000000 

15000000 „ ... 
350000 „ 
800000 „ 
MOOOO „ 
220000 „ 

80O0O 

800000 „ 

800000 „ 

lOOOOOO ,, 



150000 

800000 

350008 

1800000 

9OO00 

8fiOOO0 
400000 

1360000" 
18O6OU0 



NuM of rlrer er sttssm. 

River Cherwell 
... A brook 
... Kivur Kdes 
... River Dee 
... River Vartry 
... River Wejp 
... Hirer Ouse 
... River Exe 
... River Wje 

A stfesui 
... Rirer Leane 

A stream 
... Ditto 
... River Tees above 

Darlington 
... River Trent 
... Kiver Eamont 
... Rirer Tay 
.,, Partly from river 
... River Kxc 

RivcT Tees 
... Dartmoor 
... River Aire 
... Wrekin Etmok 
... River Worf 
... River Ouse 



Supply from Natural Spring*. — It bos been nlready obaerred, 
that many rivers receive a i>ortion of their supply of water from 
•prin;^; consequently, those towns which use tlie water of rivers 
are literally deriving a supply partly from s[>rings and partly 



direct from drainage areas; for the permanent Sow of a river is due 
to its receiving large accessions of water from springs. It may 
•ometimea occur in practice th.-it a spring itself may be takea 
udvantago of to tui-uish a supply of water; or if the natoml 
flow of water from such spring is iusuHicieut of itself, yet, aa it 
may indicate the source of a more copious supply, no ]>aper on 
water-supply would be complete without an Inqairy into the 
tlieory of springs. 

It has been shown that the amount of rain falling on elevated 
localities is more than on low table-land; the flow of water firom 
apriugs is duo to the rainfall that baa been absorbed by the 
porous strata of the highlands of a district into which it perco- 
lates, until iuterocptej by some impervious bed of strata, hy 
which it is retained in tlie porous strata, and comitellcd to tra- 
verse it in the direction of its inclination, until at length it may 
make ita appearance at the snrface of the ground, at a point 
Homewhat lower than that at which the meteoric water was re- 
ceived. The power that impels the rain through the porooa 
strata is hydruatatic pressure, which in some menaure is modified 
by the fricliuu and the capillary attraction of the slmLt Ihrongh 
which the water dows. Springs are kept constantly flowing by 
the repeated rainfalls and the modifying inflaencM of the strata 
already mentioned. The permaucncy of a spring is oonseauently 
oli>«ely allied to the chnractt^r itnd extent of the strata through 
which ttie w:iter may Aow. XI Uie strata is of an open or poroua 
chaniCter, and of but small extent, the spring flowing from tt 
will vary much in iheir delivery, and will, m all probability, 
become intermittent in their flow. If, on the other hand, the 
strata is moilemtely porous, aud of liu-ge extent, springs yielded 
by it will guuuraily iio large and jiernianeut. Of sucli may bo 
said to be the springs flowme from the chalk orgreenaaod forma- 
tions. Springs m.iy be divided into classe», eacli class depend* 
ing U|>on the relative po&ition of the strata with respect to the 
discharge of the water, and acquirement of the meteoric water 

U 
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The firet cUtiniAy he cnJle<] land spnii<;ii, anil are fouud in tlioie 
places where a superficial strata I'tuj sand or cravel} of moderate 
thickaeu covers &u iiuuermoable stratn; &ua & natural flovr of 
water will take place if there ia a dip in the strata, ojid at the 
lower outorop Bprioga of thin nature will appear, but owiiijj to 
the limited area of tiie Btmta they are j*i;ii«;rally of an it)tenuit> 
t«at character, na they depend directly upon tlie rainfall to keep 
tip the flow. Cloaelj allied to thit cU&s in another, cotiaiatiog of 

CDS strata of great extent and depth, from which the water 
I u in the precadlug case. Of this claju may be said to Im 
the chalk spriufta in aonie dintrictn, and which, owing to the 
great extent of their area, act aa imuicDoe reservoirs to store the 
water, which is pretty uniforaily liberated, owing to the friction 
of llie water iu i^usiuz tlirnn^h theKlraLi^ and the attraction the 
atrnta itself exorto, wntch retaitia the HTiecily ejKmiie of the water. 
Another ctasa of aprJnga may bo described as those flowing from 
a porous strata. Lying between beds of a more impenueable 
cfaamoter, springs of this cl.iss uinke their appearance ut the 
outcrop, or thnnigli any fault in the 0|»en iniiiernieable stmta; 
but inosniuch as they receive their fiupply t)f water only at the 
banet of the stnito, which is generally of a limited area, springs 
nf this description cannot often be depended upon to furnish a 
large or permanent supply of water Another description of 
spring may occur by reason of a fault or intervention of an Im- 
iWiviouB ((yke when a permeablo sti-ata overlies an impermeable. 
The volume of water yielded by springs of this nature is often 
great, owing to the interception of the body of water flowing 
through the stratum. The constancy of a (tjiring dnponds upon 
the extent and character of the strata, combined with the rain* 
fall. The flow of springs that ore intermittent has been shown 
to arise from the limited extent and the [lunisity of the strata. 
Ttie flow frooi springn may bIhu Huctuatc owing to tlje forinatiun 
of the porous stiata; thus, if the porous strnln is no disposed tu 
In oonstitute a reeervoir, with a sort of syphon arrangement for its 
discharge, the action of such spring ^^ill be iurermill«nt. The 
limpidity of water flawing from springH, and the elevation at 
which they are often found, rendew ihem, uuder certain circnm- 
stAticeo, extremely valuable in furnUhiiig supplies of water, and 
tliey have been made avuilable, in many iostauces, for the supply 
of water to many towns, both iu this and other enuntries. 

Jiondou, prior to the construction of the watorworka at Loo- 
don-bridgo, near the end of the Ifltb century, was partly supplied 
by springs, which were conveyed into the city by lead and earth- 
enware pipes, princijiAlly at the uust nf ilillerent lord mayors, 
ami the muDificeuce of some wealthy citizens. 

The gigantic scheme of snpplying London with water from 
the springs nt Chadwell and Amwell, which, by the instrtinien- 
tality of the New River Company, was i-wilifte<i on the 211th of 
September, 1613, forms a striking example of the utility and 
oopiottsuesa of some springs for furnishiiig a supply of wat«r to 
towns. 

But not only have springs been made ov.iiJshle in this country, 
hut also inotherri; and, at perimlti in hiiitory tar mnreremnt« thiui 
wo can iMMistuf in this country, have wurknof magnitude been a)n- 
structed for conveying the watur from didtaut sources into nume- 
rous cities and towns. 

Spring wat«r hoa the advantage uf isAuing from tlie enrth at 
nearly uway^ the same tem)>craiurp, and ou this account isnmi- 
lueudable. In making calculations for tlie supply of water from 
spriugB, it should be oome iu mind that the votome should 
always exceed the maximum demand, nnd if the springe are of 
such a character as to fluctuate in their flow, so that the entire 
yield may be sufficient, or iu exce.iH of the entire comtumptif>n or 
dt-mand, it may be advisable, if not nbtiolutely necessary, to store 
the excess cf water in impounding reservoirs for use during the 
periods of limilrd supply, in which case the quantity to be stored 
will depend nf>on the rate of fluctii.iiion of the flow. 

Qualitt/ of tSfirirtg Water. — The quality of spring water varies 
ciinBi'lerahly, l»ut as a rule, the qnicker a Hpring is afl^ected bv 
the raiuffill ..ill other circunistancvs being ptpialt the purer will 
that spring be. The water furnished by land upriopi ia gene- 
rallr of an impure char.'ustcr, as it is contaminated by the im- 
purities of the surface, which ara to some extent mioeraliaed iu 
paut-^ing iltrougli the sirntA. 

All spriug water contains more or less minernl matters, which 
they acquire during the process of intlUrntiou tbrouch the pores 
of the strata. A very amatl iiuuntity of this exists iu mechani- 
cal tnupension, beinc chiefly brld iu solution by the action of 
chemical agencies. The priuaipal ngeiita that render the stmta 



so readily soluble are the acld:a and alkalies, which combine with 
the ingredients composing the strata of the earth, and form com- 
pounds reidily soluble iu the percolating water. The ViiUie of 
spring water for domestic purposes depends upon ita freedom 
from the compounds of cartliy salts, nod from organic matter; 
and in making choice of a supply, if the springs of a locality are 
found tocoutitin a much larger pci'ccutage of foreign matter tbaikJ 
a souroo that may be made available at a somewhat greater oo^J 
in the construction or working expenses, it may be eoonomy toj 
abandon the near opring for another source. This selection or^ 
ih« soanse often furnisUett a nice point fur the engineer to decide; 
yet there ar« cerium well-deflned points bearing upon the quality 
of water procuroiJ from various sources that will be considered . 
hereafter, which should be the guide of the engineer iu making > 
bift Hulection. 

Weii*. — The art of well-sinking is common to all countries, and 
was probably one of the earliest artificial means adopted to fur- 
nish a supply of water. From the earliest periods of history the 
records of hotli sacred and secular writ go to prove that the art 
was pursuGil alike by the savage who roomed the desert, and the i 
citi7.en who inhabited the town; yet it should be here observed 
that there is a marked difference between the mere hole the 
savage may scratch hi the sand, and the highly-finished wells of 
aooie Kaatern cttied. So ancient are WL-lla,tnai£wbank observetJ 
they roust have been of antediluvian origin; and that such useful' 
works remain long after the destruction of those more splendid 
tdifires that have been erectctl more for the glory than the use- 
fulness of mankind. The burled cities of Nineveh, Herculoneumi j 
and Pompeii, abound in wells of excellent cooatruction, coutaiu*' 
iug good water, and which at the pre.-ient day supply the Iq- 
habitJiuts living in tlioae localities. It is probable that the first 
wults wore shallow holes excavated iu the luone soil in moist < 
places, such as are found at the present day to be executed by] 
nuculiivatedor uucivilisod nations or tribes. After the discovery 
of the metals, which is suppoMJ to have taken phme in th« 
seventh generation, as Ewbjink observes, r'>ck and indurated 
sti-nta no longer oflered an impediment to the well-sinker, and, 
consequently, welU were sunk to greater depth iu such strata. 
As the art of well-siuking develup»I itself nt an extremely early 
period, and long anterior to the commencement of history, no 
very great advimce has been made in it; indee<i, the modo 
UKaiHy adopted at the present day when sinking wells to a 
great depth in loose strata, by first forming a curb on which thai 
ordinary steining is placed, and which settles down as the work of J 
excavation is mrried on wiiliiii, and lliereby preventing the Ioom | 
soil falling into the well, was practii^ed age^ ago in sioKing wella < 
in the East, and from them we have copied the mode in more 
modern times. Wellsof excellent construction abound in Hindo- 
«tan, China, Japan, Tartary, Kg}pt. and elsewhere. When tiia 
britieh took poesession of liindustau, the number of wdlls in use ■ 
in that country was estimated at AO,U(>0. Many of the ancient ' 
wells were of great depth. The wells of Cabaul are from 300 feet ] 
to 3J0 feet deep, and many of them are but ^ feet in diameter. 
The fiimous well at Tyre is xaid tu be 030 fathoms iu depth. 
.lacob's well nt Samaria is U)d feet deep and 9 feet diameter. 
TliGwell !Cem-Zem, at Mecca, is 210 feet deep, and that uf Joseph, j 
at Citiro, 3tHJ feet deep. Thin well uf .Toseph is a tine exampla ; 
of tlie Hkill and boldness of design of the well-sinker. AUhougli 
called after Joseph by tlie Arabs, it is by uo means of so ancient^ 
a date ils the name would imply, for the well was probably sunk 
about seven hundred or eight hundred years ago, but by whom 
is a diiiputed point; some attributing it to u viieier of the nama . 
of Joseph, others to Saladin, the intrepid defender of Ww\ 
country, whose name waa Yusaef (Joseph). The well oonsiiits of 
two shafts, one above the other, but not in the same vertiiMJ line. 
The upper shaft is an oblong excavation 34 ft-ct by 18 feot, and 
165 feet deep, descending into a lai^ and capacious chamber, ia 
the tloor of which is constructed a basin or reservoir for contain- 
ing water that is raised fnnn the lower uhaft. In this chamber 
a lower shaft is Huuk, which ia an excavation 15 feet by 9 fiwt, 
and 130 feel deep. Kouud the upper sbnft, a spiral paaaan^ 
6 ft. 4 in. wide, and 7 ft, 2 in. hich, is cut, sepnratetl from thm ■ 
well by a pjirtitiou wall of the «.ilid rock, only 6 inches iu thick- 
nees, through which loopholes are pierccti for lighting the (taesage. 
This t>ussage is made use of by parties who draw water, and also 
for the descent of mules or other animals tlmtare employed in the 
Ui;ce chamber below, to give motion to a system of chain |)ots by 
which the water is raited from the lower shaft and ptmred into 
the basin in the cluunber. There is also a spiral passage rouadJ 
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Ui« lo««r sh&ft, but il is Dot iocloiw*] from the well, as in tbe 
eM* o( the poMsnge rouud the upper shaft. The water of Utid 
weU 19 procured from a bed of pfrapel, after peDetratiug the slmtA 
lo the depth before uenlinnea. Wtills am oomniou in Ui-ooco, 
uul ill the ntdeii timea of it« claAsic gtory were tlie pl»ceH of piit>- 
lie resort; jtul na in modem tiiuui men ouiijO't^to at llu-ir clubs 
zLiid aiicb like phu.'es> ao did tbe sace Atheiiiuus mei'i tufireiher at 
(heir wells, aud &t them orutoni dechiimed, and music aud the 
daiioe loot their chnrui to make them phwea uf pleniure bad 
amnaemeut. 

The Romans had & clear knowledge of the art of welI-«iDking, 
Mod well* executed bv thli people are found in every country 
they ooc^ pOMetwe^l. Mauy of the aucoeneei of their amiB were 
due to their ktiowlejge iu thiti brauch of eogiueeriu;;, a^s when 
«very other »'iuice of wjitwr failed, or was cut away by their 
enemies, they had rocour«o tn well sinking to obtaiu their aopply. 
It wa« the knowledge of well-elnkiug that enabled Ca»ar to re- 
tain Alcxan'lrla when all the water of the cistei-na had been 
apoiUil by the Kj^^'ptiana. Thenaiue knowledge eimhled Pompey 
to procure a supply of water whou holdiug a potsitiim of great 
advantage a^^iuftl ]^ithridalea, who tia<.l abanduued it for waot 
of water. Im[)«rial Ronii^ (prior to the tiuiu uf A|ipiua Claudius) 
was aupplted with water pi-iiicipidly from walla. 

The water procured from welU ia rain that haa descended by 
the ffiiuute intereticei of tlie cartU'a crust, aud is stored iu thu 
numberless interstica] «pacea of a poroua etrata. 

Wells may be chuaiBed under two heads — viz., Ordinary Wells, 
or those sunk into permeable or waiorbeariug strata; and Arle- 
aian Wells, or those suuk, or more generally bored, ihrnugh tm- 
penaeable strata until a water-bearing strata is tapped, when 
the water is foroed npwanis by viniiR of the hydrfuttatic pressure 
doe to tbe superior level at which the meteoric water was 
noeired. 

Ordinary Wells may be agiiu classed uuder the respeelive 
heads uf Shallow and Deep Wella. The water from both vlaatiea 
is procured under precisely tbo same circuoiHtaucea, but diU'ers 
ofleu very m&terially iu quality and quantity 

Shallow WelU includo onltnary domestic wells suuk a few feet 
into the permeable strata of the earth's cruat, and, owing to their 
ahallownenB generally, only catch the a-ijacent pevoolating water, 
coDseqneotly caunot be depended upou to ^tve a large supply; 
and inasmuch aa they are generally oontamiuated with the cdu- 
tonts of newei-8 and cesspools wheu aunk in the aaperticial 
depoaiU under cities aud townn, which are houeycombed with 
■lefa offensive receptacles, or tunnelletl with iaincrfect ami leaky 
■ewers, their waters ore uot to be recommeudeu for general use. ' 

De«p Wella sunk into {termeable aud water-bearing atrala 
derive tlieir aupply from a more remote and extenaire druitiage 
area brought into actiou by tbe depth given to the wells: and the 
(|uaDtity yieliieii by them ia limited by the fiiction nf tlie water 
m paasiug through the interstica) 8|>aoe aud the molecular ttt- 
tractiou of the atrata for reUkiuiug the water, which practically 
limita the area drainage into the well. 

Aslesiau Wells have ages ago been in use, aud the antiquity of 
boriog wells of this class is so great that the precise period of 
their iutnxluction ia unknown. Tbey are common to Syria and 
EgrpL ChitiA nlMiunds with them, many Ixiing upwards of 
iBtiO feet deep, and but 6 iuchea diameter. They are common in 
I'ltaly and France; and iu the pmvince of Artnin, of the latter 
OOantry, tliey are so abundant that utie may \>e funnd at neHrly 
every dour; aud it is Ixom this province that the atc of uiukiug 
or boring such wells came into this country, and they si-e named 
brua after that place. Art«alan welU are arliticiat uprings, and 
toe same remarks that apply to deep^eated spriuga will apply to 
Arteaiao wells. 

The quautity of water yielded by wells cannot be absolutely 
computed, as it is dependent upon BomanyTai7ing circnmstanoes; 
but in considering this part of the queetion we must have regard 
to the area of drainage, the uaturti uf the stratum, ita dip, atrtke, 
faults, absorbent properties, and the nature of the uuderlyiue 
and uverlying strata, tbe rainfall, and tbe depth of tbe weS 
itself. 

Tha theory of tbe probable quantity of water yielded by welts 
is ealled tbe cone theory; i.e., the drainage area coutribuiiug to 

ttbe supply of a welt is represented by au inverted ooue, the apex 
of whioQ IS at the bottom of the well, ao that if tbo strata were 
perfectly uniform, and the flow through it eiiuable, the 
quantity yielded by wells sunk tovarioua depths would be repre- 
sented by the area of the different cones; but inasmuch as pcr- 
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fectly uniform strata of auy great extent is rarely met with in 
nature, it is impossible to lay down any but general laws in 
studying the pmbable yield of water by wells. 

Phtfsicat Proptrtiet of the AVru/u.— The yield of water from a 
well depends upon the nature of the strata; thus, if the alrala is 
of a close texture, haviug but few and amall inleratioal apocGs, the 
draiuago area is limited by the fricliou of the water iu flowing 
tlirough it^ and by its capillary attraction; consequently, in 
Htrata of this characler the area ci>ulributing to the supply of a 
well will be repreMuuted by au inverted cone of acute irregu- 
larity; while on the other hatid, if the strata has large and 
numerous inierstical spaces, it will yield water mpidlv, and the 
area coutributiug to supply such well become practically infinite. 
And juat in proportion as strata approach one or other of the 
descriptiona of the stj-ata mentioned (all other things being 
ctpal) ao will the supply of wHtor capable of being procured fiom 
wells suuk into them vary. The construction of a well will also 
influence the flow of water, ns for iu.tlauce, when a well is suuk 
iuto dense but permeable strata containing much water, natu- 
rally yleldlug it slowly owiu^ tb tbe fineness of the iaterstioeSf 
by special iirraugement an increased aupply could be procnred; 
tbeaa arrangemeuta onnaiat generally of long tuunela or Iieadings, 
driven or extending horizonuIlT, aometimes tn great distances of 
the shaft They have the double advantage of not only ofiering 
a greater surface \a allow of the escape of water into tbe well, 
but they also act as reservoirs for storing it, which is a grent ad- 
vantage in all cases, but more especiuly when tbe water is 
required at intervals, and not continuously. The nature, charac- 
ter, and poditiou of tbo waicr-bcaring strata, from which wells 
derive their supplies, must be caivfully considered by every per- 
son who desires success to crown his labuurs iu practising the art 
of well'fiiiikiu^i. It has been already shown, under the head of 
Absorption, tluit the quantity uf water siuking deep iuto the 
ground is influenced by many circumstauces, and is not aloue 
dependent u|M>n the character uf the strata; yet It is quit« 
obvious to the meat casual observer, that the nature of tbe strata 
haa tbe moat important bearing upon the quantity and quality of 
water yieldetl by wells; thus chalk, from it^ .ibsorhent nature, has 
been found, by observation on the steep chalk hills around Lon- 
tlou, to absorb a rainfall of 2 inches per hour; the red saodatoue 
fonuatiofi, under suitable circumatauoes, also absorbs raio&ll 
very iajii<lly, while the more impervious strata absorbe it but 
slowly. The dip or strike of tbe strnta will also have an impor- 
tant bearing upon tbe amount of water yielded by a well, aa it 
may occur that the nuturnl incUuatiou of the strata majp be 
unfavourable to the yield of any great quantity of water iu a 
partieutar locality. 

FauiU have a material influence upou the flow of water in the 
subterranean pasttages of the earth, and, consequently, hare 
much to do with tho amount of water capable of being yielded by 
weliu. The level of the water iu the same sti-atawheu disjointed 
by a fault is nu longer tlie same, but may vary oonsiderably; aud 
it may «Jso often happen that a well may turn out to bo a failure 
owing to the near proximity of a fault, cutting off and dimiuitdi- 
iug we drainage area. T^e careful study of tbe atrata should 
always form an important point iu cousidering tbe desirability of 
well sinking, and tlie want of such study ofteu ontailii failures, 
which we ascril>c to faults; but tbe probability is, that with 
further insight aud clearer knowledge, many of these failures 
(which are rather the fault of the engineer, ihau any fault in 
uature) would nut arise. Water flowing in the bowels of the 
earth foilowa the same laws as water Bowing ou the surface of 
the earth, except when modified by some disturbing cause. Tlie 
line of saturation, or the level at which water may be procoKfl, 
Tariee in diflbruut strata, and is aflected by various causes; thus 
the effect of ooiitluuous pumping Iu a district is to lower the water 
level ofeuoh districts. Generally the water level in strata has 
an inclination in the direction of its flow; thus it baa been esta- 
blished, by the Rev. Mr. Clutterburk aud others, that the iuclina- 
litw of the line of satui-ation in the chalk iu the north of I^ondou 
is 13 feet per mile. In other places it varies according to circum- 
stances; thus, it is not impiolmble that the flow of some iutt'miit- 
tent springs is du^ to tbe elevation in the line of saturatiou, as in 
the bourne at Ci-oydon, which breaks out cccauonally after very 
heavy and continuous raina. As a rule it will be found that in 
thoae districts in which tbe flow of water from springs, an<l the 
flow of rivers. Is equable, or neither subject to excessive floods or 
droughts, but is always discharging a quantity very near the 
mean flow, so will it be found that welU sunk iuto the particular 
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■trata from which thosia rtvors or spriuga derive their principal 
supplies will yield the greatest iiuHntily of water. 

Q,uaUty of Weil Water. — Tlie clmnicter of w«ll water ia fixed by 
the geological straifi through which it flowa — for as the water ia 
makiug it4 way through the bowels of the earth, BotnetimM 
travelling a ounsiderable diatAoce, it dissolves mor« or leas of th« 
natariais of the crust of the cArth in lU passage, and becoaiea 
impregoated with the soluble portions; ou this account, well 
waters are never perfectly free from foreign substances, volatilo 
or solid, which impress upon the water its cbaraoter. The water 
of shallow wells of towns ia invariably impure, owing to the 
iuGltraliou of deoompoaiog matters, whicli to some extent may 
become oxiditioil and ducom)K)Hi!tl in passing through the soil, and 
the gaaes evolved, afler further oxidation, combiue with the 
materialu it t-omes in contact with in its [tatMage; which, being 
rendered soluble by this meanii, add greatly to the impurities 
present in the water. Thus the shallow wells of towns invari- 
ably contain a largo qusntity of nitrates in solution; they also 
often contain organic matter in the shape of animolculie and 
fungi, the presence of which, if not directly injurious, is indicative 
of the presence of other matters, highly objectionable, if not pre- 
judicial. Although the soil has great power lu (txidisiDZ the 
most objectionable matters before tuey enter the wells, It is oy no 
means certain that the earth can retain this power for any length 
of time, especiallyas the sources of contamination are multiplied; 
indeed, there is ample evidence to show that this power of tho 
soil Ik limited; as for instance, the cases mentioned by Sir James 
MacG regnr, who relates that when the British army was in Spain 
SO.OOO siildiere were buried in a short B|iace of time, in rather a 
small piece of ground, and the eUect upon the adjacent wells was 
auah, that the troops who made use of the water of thnae wells 
were attacked with malignant fevers and dysentery. The water 
of deep wells is geuentlly freer from organic matters than that of 
shallow wells, but it geuemlly contains an amount of mineral 
matter. The water of deep wulls, on account of their freedom 
from organic matters, ore generally very agreeable as drinking 
water, if of proper temperature, but for some purposes they 
art objectiuuable on account of their hanlnesft. 

Composition nf Well Waterx. 
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Temperatttrt of Wttt ffuter. — Tlie temperature of water takeu 
from the bowels of the earth is somewhat higher than that of 
waters found upon the earth's sarface. The rate of increase has 
been variously estimated: thus, Mr. Patersou, in a magazine pub- 
lished in 183^, slates tliat the mean temperature increases, iu the 
aca« of eleven wells sunk in Scotland, about one degree Fabren- 
boit for every 48 feet descent. M. Valferdia found that in 
some wells iu I'aris the rate of increase was one degree for 
every 67 feet descent. M. de Girardin found at Rouen that 
the rate of iucreativ was one degree for every 37^ feet of 
deaoent, and in another cn^e one d^ree for evcir S.'>A feet descent; 
while careful experiments on the Artesian well nt Qrenelle give 
au increase of one degree fur every 09 feet descent The u«au 
temperature taken from the above observations would give a 
mean result, showing that the rate of increase of temperature as 
we descend is one degree Fahrenheit for every 52 feet descent. 
Owing to tliis rate of increase in the temperature of water t^iken 
from deep wells, when the well is very deep and the increase tu 
temperature very great, the water ia totally unfit for many pur- 
poses, and this fact should be taken into consideration when 
deciding on a source of supply. The temperature of the water at 



the well of Grenclle, which is nearly 1600 feet deep, is 18*81 deg. 
Hospitals and public baths have been heated with this water. 

Form of Wells. — VarinuM forms of wt;lls have been made at 
different times, and ander varying circnmstances, and in all ages. 
The square, oblong, ellipse, and circle have all been used with 
success. Sach of the wells of the east as were executed in solid 
rock and without steining, are sometimes in the form of a square^ 
Bometimeii oblong (as Joseph's well), and sometimes circular, bat 
of all the forms tlie circle is the best. The ellipse can be used in 
some special casea with advantage, but for all practical pnrpovea 
the circle is by far superior to any other form, as a wen of tfaia 
form can be Imred or misered to great depth under water. It 
requires Icjw steinitig than any otJier form or shape of well of 
cqnal area, and its form is the best for withstanding the lateral 
pressure of the earth, as a strain on a particular part is mntnallj 
sustained by the whole steining. 

Materials uttd m the Construction of W^s.—Tht sides of welts 
require lining or steining (as it is termed) with some material 
that can prevent the loose strata of the sides of the ezcavatioD 
falling into the well and choking it The materials that hare 
been successfully used in this wonc are brick, stone, timber, nod 
iron. Each description of material ia suitable under cert-tin con- 
ditions, while in other positions it it objectionable. Brickwork, 
which is universally used in steining wells in this country, not 
unfrequently foils in certain positions; as by reason of admitting 
mpui-e water under great prcwinre, or from the work becoming 
disjointed from settlement due to tho drainage of a running aaad- 
bcd and the collapse of the well. Stone of good quality, capablo 
of withstanding compressive stnuos, is good in its way; but in- 
asmuch as it requires au immonse amount of Inboor to fit it for 
its plooe, it cannot successfollpr compete with brickwork in tbe 
formation of wells, more especially as it has no merits superior to 
those of brick when used in snch work; however, if in any 
locality, by reason of its cheapness, it can be used, care should 
be taken to select only such samples as contMU a large amount of 
silica; indeed, in all cases it ia a point of great importance is 
studying the nature of tho materials used in the ooustructioD of 
wells, to select those which are likely to be the most durable, and 
at the aame time prosorvc tho purity of the water contained in 
the well; and this ia best secatvd by siliceous materials. Tim- 
ber is objectionable as a material to be used in the formation of 
wells, on account of its liability tf> decay, aiid thus not only 
endanger the construction of the well, but likewise to soma 
extent foul the water by such decay. It ia very largely used 
under some circumstances, especially in the preliminary operft* j 
tious in sinking most wells. It is alio successfully used in lininn 
the shafts of the salt wells of Cheshire, and will continue entlrtj 
IU snch position for a great number of years, as the brine i 
to have a tendency to preserve the timber, and prevent its decay.^ 
Iron is of modern application, and is a material extensively em- 
ployed in steining wells; and as it possetMes many advantages 
over materials ordinarily used, its use is likely to be much ex«| 
tended. It poesesses all the qualities ofa good material, insomDclil 
OS by its churncter it is capable of bearing great oompreosivel 
strains, and of etfectually excluding the influx of all sucli waterS| 
OS it may be desirable to keep out, and is not liable to decay 
under ordinary circnmstances. The author has known inslancet^ 
where recourse has had to be mode to the use of iron cylinders^ 
where it has been found that four or five rings of brickwork, set 
in the best cement, have failed to keep out brackish waters; and 
if the original design had provided for tbe introdnction of these 
cylinders, they would have reduced tbe cost of the well very 
Diaterially. 

The introduction of iron as a steining for welts, whether in the 
form of csat or wrought iron cylinders, under many circum- 
BtAUCCS, will alw.-vys be attended with economy and sacoess. The 
well-sinker of the present day has often, in executing his work, 
to contend with the prcsouce of largo volumes of water, which, 
under onliuary ciienmsiauces, must be got rtd of by pumping; 
but by the introduction of iron cylinders, which can be annlc 
under water by the aid of the boring-tool and miser, the ooose- 
queut expense of pumping is saveil. It will be entirely a matter 
of calculation whether or not they should bo used; but generally, 
and when no special object is re<|uired to be fulfllted, bnuk stein- 
ing is the cheapest; though when the strata is particularly 
trancherous, it is decidedly the beet to have recourse to iron. 
Iron cylinders are absolutely necessary in sinking through sand 
charged with water; otherwise, if there is a currcct of water 
produced, the sand flows with it into the well, which is ijlgeotion- 
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able, a» llie tauJ »p**JiIy deitruys or injure* lite pamps — mope- 

or«r, it u ntleuiled wiih a more serious evil, nuil tlml i^ the 

dnuniDg of the simd undeniitijeii the iiti)^ritiotiiulieul strata. 

Pwfaich may leiid to the dcsirucliou of tbo well iteelf, or aay 

l»uUiogB erecie<l ov?r it In some casea where cast-iron has 

htm HMd to welts .ind the 8b»fts of mioee, H liss beou sofLfliiwJ 

^br the RCCJon of the water, and cniivvrted ioto a it|)<H:io)t of pltiiu- 

jtufo. This ill itself it not ouy objection to the nee of irou, but 

liMuer to the uae of lucb wateta that are htl<Kt«d by it, if used 

Ifbr the onlinary piirpfweii of water Hiipjily for whiuh tlie well 

|ivaa sank. If, on the other hnorl, the ;icli(iu takes place from the 

^tUck of water it ia drairable t<i ke«p out of the well, wroiight- 

liron nwy be snbstituted with ndvautage in the place of cnnl-iroii, 

lor other measnreii miiT be adopted to preserve it. It nmy be 

nfaiterved that it is but lu few ouas that this action upon the iron 

t uiaei and when it does, it is not in those districts that must 

ely upon oblaiuiu); a supply of water from wells. 

Copper was one uf tlie early materials used ih lining the bore- 
holes of Artesian welU, but of lute years irou has entirely su) er- 
ded it in this hmni;h ri{ eDgiueeriog. 

Mods of ainking Wdla. — In sinking ordinary wells iu loose 

ratmtn, on excavniioQ is Din4le to such a depth ait tlie strntA will 

[lulmit without fulling in. A wooden carh is then plamxl in the 

Ibottom of tlie excavation, and thd brtck ateiniug laid upon it, and 

(vhen carried up to the sorfAoe, the work of the excavntiuu is 

rried on; but the way iu which it is now proceeded wjtli de- 

k|)eDdsapon the method adopted in extendinK tb« steiniug. If 

»thestetuinK is intended to be added below the ccrb, the earth 

lis excavate<l tloiiih with the interior sides of the well, so thiit the 

learth underneath the curb supports the brickwork above. When 

I the excavation has \)incu carried on as fur ns couvenieut, receiwvs 

|Are made iu the earth under the previous sleiuing, nud iu these 

[tvoeues the 8teinin<r is cariied up to the previous work. When 

L thos anpport«l, tho iutemtediate pi>rtion uf earth between the 

portiono of briukwork carried ap are cut away, and the st«iniii>{ 

oonipleteil. By « succession of operations of this kind t!iu well 

is HUiik, and the steiniuj; oarrivd to the rmjiiired depth. Ou the 

other baud, if ihu staining is added from above, the curbs are 

mpciorted by iruu rods, fitted with scruwa and nuts from cross 

timDera over the inoutli of the well, nud as the excavation is 

j carried on below, brickwork is piled on above, and the weiijlit of 

1 the ftieiuinjf will carry it down as the excavation praceeds, until 

the I'liotiou of the sidrs overpowers the gravitating force or 

weight of the stciuing, when it becomes, as it is technically 

Otlleil, earth-lMiund; then a set-off must be made in the well, and 

the siinie otMrration re^ieftted as 01*160 as the steining becomRs 

•arth-Uiuud, or recourse must be had to the tirst method uf 

uuder-piuoiuif. Brick slvining ia executed either iu bricks laid 

dry, or iu ce-m-nt; wheu ttm work is laid dry, a rin^' or iwu of 

[ brickwork in cement is often intnxluced at iutervuls, varying 

froni a feet to \t feet apart, to atrenciheu the work and facilitate 

the tiuusirncttuu uf the well. The oricks aic laid flat, breaking 

joint; and to keep out moderate laud epriu^js, rlay, puddle, t>r 

cnumete is ufteu introduce<l at the back of the steiniug; for 

moat pnrp<«es conci-ete is the best, as iu additir>n to its tmper- 

vitnis character, it odds greatly to the strength of the steiuing. 

The same measures used iu sinking lirick steiuiog are adopted 
with \tou. tleuenilly the cyliuders sre made of cast-iron, either 
cast entire or built up of several shutters; the cyliudci*8 having 
luterual fl-iuges, by wliicli th«y are bolted together, and which 
add very much to their strength; they arc osuiilly Keoured toge- 
titer hv boltH, and the jnint.H ai*e caulked with iron ceuitut. 
Cylindvrs of this dfscriptiou, when they become carthbouud, can 
br driven so that they may be sunk to cousidcnvblw depths with- 
out much troiil'ltf. The Ciistorou piiies used iu lining the bore- 
boles aie put together with collars sunk into a rervMS at the endd 
of thr pifMis or cylinders, and to which Lhcy ui-o srcured by 
countersunk screws, so that both the exienml and internal face 
iif the cvliuder is flash, and ntfers no ini|:tedimeiit either to tlieir 
beiug sunk or to the flow of water Whru the supply is taken 
L.^hHD sand, it is usual to pei-fnrate the pipes, but this is not ue- 
}'flMMury in most strata; iudueti, in the bore-holes in chntk and 
I aaodAtoue, or other strata tluit will stand without aitificial 
' Bnp|>urts, it is not ustiid to line a stein, except in coses whera it 
is desirable t>i aliut out some pnrticulnr wahrrn. 

Boring WeUt.~T\iv art ol boring wells is evidently more 
modern than tl:e prnctiee of sinking, yet it is of so remote a ilaie 
lUnt the precise period of its iutrutluotion is unknown. Wt;l|s 
tbal h&ve been bored are common in China, Syria, and Kgypt; 



and many of them are supposed to b&ve been executed four 
thousand years ago. In France, the eftrliest authfuiicated wfU 
is at Lillera, sup|ioaed to hAve been executed iu 11SG. In boring 
wells two systems have been adopted — one is called the Chinese 
system, and consists in having the boring-tool attached to a rope; 
the other is the ordinary method, in which the boring-tools are 
attached to a rod of iron or wootl. Although these are the two 
primar>' ways ailopted in boring, there are many modiScationsi:^ 
them iu practice combining one or other method; indeed, every 
eugineer or contractor may have his uwn |jarticubir mode, ur the 
circumstances connected with etch woik may demand the intro- 
duction of particular measures. 

The method desigunteil the Chinese is the simplest that la 
practised, as all the boring-tools are attached direct to the rope 
worked vfrliodly up and down, the toi-sion of th» rone giving 
auUicient rotary motion to the tool to enable it to strike a fresb 
spot at every desceut. Tbe facility with which the tools can be 
taised by the rope in this system seems at first to oommead 
itself; but in practice, wheu Binkiiig ileep welU, it is opea to 
serious objections, as owing to tho flexibility nf tlie mpe tne tool 
cannot lie properly guided, and the bore-hole is likely to beeomo 
crooked, which would in time interfere with the working of the 
tool, and in cases where the l>nru is to tie lined with pipes would 
render diffionlt, if not prevent their insertion. 

The ordinary plan adopted iu boriug is to attach the tools to a 
ro«l, cousisling of a number of lengtlis joined together; a vertical 
and circular motion is given to tne rods, Iu deep wells, much 
time is necessarily lost in raising aud loworiug a long length uf 
rod, (fitlier to c!mng<: the tool or bring up the dihru. Various 
attempts have been niiule to economise the time thus spent; n4 
for example, it bas been proposed to make tbe tools alide upoa 
the square boring-rod^, and by attacliitii; thsru by chains or ropes 
to a windlsKs wKen they re<inire raising, it could be speedily 
done, as in ihtt Ohinese system, beCHUse it would not be neoessarv 
to uujoiut the rods, as required wheu nsiug tbe ordinary tool. 
Another method, patented by Renrt iu 1^44, was to make the 
ro>l nf the boring'tulra hollow, and into this tubs lo introduce 
M-ater, which, aKceudiug outside the boring-tool, was to produce 
a Muthcittnt currant to carry the materials Inosed by the horiug- 
t'Md to the surface. A very great objection to this method (even 
supposing it to be practicable^ is the net.-e8sity for having a Jarse 
volume of wntpr, which geuerallr in boring cannot be eosiT/ 
procured until the spring is tapped. 

In boring deep wells, the weight of the rod and the force of 
the monieuium in falling is very likely to break the tools used, 
or the rods themselves, whtin special provision must be made to 
prevent it This it has been attempted to do iu varions ways. 
Thus, wotHleu ro<ls honpod with in>n have been substituted for 
the ii-on bar; tubular iron mds bitv« been used, having the same 
weight per frR>t »s the ordinary bar, but having a greater area; 
wheu working in water they lose n considerable proportion of 
their weight — in fact, cquaI to the volume of water they displace. 
Both wooden and tubular rods will answer very well when the 
depth is not great, but when the depth is gi-«at they are not 
BnfTK'ient to meet the exit^eucies of the case. When a sliding 

i'liiiit WOK iuirodnced by (Kngidhnusen, in Germany, AL Kind, lu 
''rauce, and iti the f>ystorn ku (wn us Kind's KVstem in this 
country, any portion of tbe entire weight of the rods can be 
brougiit into actiou, as all those rods sltove the slide joiut are 
oounterhdanceil by a weight suspended to a lever. In Kind's 
sydtem the rods are often pot in motion by a steam- engine, in the 
following way: — The roda :ire attached to one end of a lover 
resting ou a fulcrum, tbe other end of tho lever in attached CO 
the pinton-rocl nf iin upriglit steam engine; the valves of the 
cyliti'ier are worked by a man; the rods at*e lifted by Steam 
pi-esiore, aud fidl by their own weight. 

The totfls UHm) in liuriug differ at-cording to the descrip> 
lion of atrjitji they nre required to ]M!neirate. ThuA, wheu 
the ptrsta is hard and compact, chiseU of various descriptions are 
used to lo<>sen the materiais, which are either raised with an 
auger, or shell-pump, or mi3i«r. When the materials are of a 
stift nature, augent of various kiuds arc used. It very otUti 
hap|>ens that iu deep buriugs it Is almost impossible to eaeane 
breaking the loolb used, when special instruments have to l>e 
used to i-aise them. 

Tuwiia tHppiwt ffvm HW/r.— The ni-t of well-sinking in a eraal 
measure ni.iy be said lo be empirical, and it by no means follows 
that becituse tvrtter is procured in some places from wells attd 
borings iu sulUcieut ubuudauce to supply a towu, that water oaa 
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be procnred anywIiAiv bv linking or bnritig, as it require* .t com- 
bination of cirL-iMii-ttiucee uot geuerally mot with to render the 
work sQccessfal; nud as nil tlitmry, wliea Applie^l uixler uiikuuwu 
circum-iUnces, may lead to error, n oolloctimi of oxaiuples of 
Mirolla iu uflt' at varioun plarcg where water is raised Tor pnblic 
purposes, will be hijzhir umI'iiI in (;i)iilin}{ nn in eaiitnatitig the 
qaaatitiM of water likely to be procuroii uuder givuii circum* 
fttiinces. 

Birkenheitd, Cheshire, is supplied with water from two wells 
^95 feet deep, partly siiuk »ui) {KirUy btred in the tiuw red kmiuI- 
•tone formatioa. rmm experinicnts niaile upon one of Uieao 
wells, wlien ilie wftter-level was 120 fe^t frdiu the aiirfuce, the 
Well yieliled l,8<f7,461 jtnllons in twenty-fonr hours; by lowering 
the ben^l Another 4 feet, the well yielded 3,0()u,000 gulloiis ia 
tweoty-foor honrs. 

iJri^htoD, SuHsex, ia supplied with 1,080/XX) gallons of water 
daily tn)ni wclU sunk inU> the chalk. 

Bury St Kdiuuudii, Sntfolk, ia partly ftupplied from two wells 
sank iu the olmlk to a dvptb uf S(i feel, and cnniieded by bcad- 
Uigs. There are abutit 130 fwt of lieading, 6 fevt X ^'^i fL-i-t, in 
coanectioo with the two wells. Very ncciimte abaervntious have 
boeo nuule upon the level of the water in tbeae wellx hy Mr. 
John Croft, in the year 18*W, and coniinutd Ui the pre>ieiit lime. 
Obftervatioun ninde by the Kuas geDUeniiio ou a huudreil wells 
sunk into the su{>er6ctal strata of the town show that the water* 
level in all of these i^i vsry nearly the same, and varies in any 
ense but a few iuches. The wells i)|^toii which these observations 
have been made were atiuk by the loctl authorities, not with a 
view of supplying the iuhabititnta with water, but for tlic pur- 
pose nf procarinj; a supply of water for watering the roads, uiid 
other public purjKWs; but since the original couslrucuou nf the 
wellii u purtion uf the towu ha^ Iweii supplied. The iiiuinlity of 
water yielded by these wells fluctiiatca jtreatly, and is dc-'peiii'lcnt 
upon the HeaMou of the year. TIiuh apon one ocea^ion, after a 
trial continued over nevenly oonsecntive hours, the well yielded 
water at the rate of IfiW.OOO gallons every luvnty-four lumra; but 
the onliiiary ouanttty supplied ia about CO,t>00 gulluua per day. 

Coventry, Warwickshire, is Bopplied with 7M\W0 guljons <.f 
vat«r per day fri-iii two Itore-holes made in the bottom cf the 
reservoir, KKJ feet diameter; the l>i>i-«-h(ile« ai-e re«pfOtively 
fi inches and 8 inches diameter, and 200 feet luid UK) feet deep. The 
supply ia prc»cured from the red iwndstoiie; aud fmni obacrvn- 
tioiL-i niHdu it has t>eeu found that the two yield Water at the 
rate of 700 galluna per miunte. 

Croydon, Surrey, is supplied frnm two wrlln sniik into the 
upiwrcfaalk, one beiug 73 feet, and iheniber UW foet deep. Tlio 
latter well was sunk by Mr. Thnmaa Douura, iHnh'r the anthiir'n 
direcliou; and alliinugh ftiink but oti feet fmni the idil Wfll, it has 
been proved, by a series of careful i-xpt'rinieuta, that Iheie is very 
little L'oinrniiniottiou between the mam body of the water iu the 
two wells. TIuw, whi'ii waler at the mte of 'l ,fKKI,(>00 gwllons pei' 
day wan Iteiug raia<.'d fi^im each well, the rehitive water level in the 
two wotitt waB not the same, but was 7 feet lower iu the new well 
lltaii iu the old. By stopping the pnin)iing u[>eratiou8 in tlie new 
welt, and continuing tlieuj iu the old. the water level iu the new 
well ruAc I'l fi'Ct alKtve the water level in the "Id well, pn»viug the 
two wella to be ind«|K'nd(>ntnf each other. The quantity of watur 
yielded by the old well during the last dry summer waA at the 
rale uf lirriKi.tKN.) gal. )«r day, and was only limited to this quan- 
tity on account of au insufficiency of steam power to miae more. 

Kiugaton-on-Hull, luist yorksliir**, wnafyrmerly aupplied with 
river water, but during the preaeut v'utii the Uiwu bus been 
supplied with water raised fi-^m n well sunk iit Spriughead, and 
forcetj by steam ftower to the old works at Stone Ferry, a diatanco 
of ueaHy 5 nille«, frum which place it in again pumped and (lis* 
tributeJ to the towu. The well is sunk and bored iu the chalk 
(o a depth of 281 ft. 6 in., of which 210 ft-ct is an l&-iiich bore. 
Tlie well itself is 14 feet diauieier, aud etciiivd partly with iron 
cylinders and partly with brickwork. At the present time the 
wtdl is yielding .t.ijuo.noo galluns fur the supply of the town; the 
Water avaiUble is estimated by Mr. Thomaa Dale, the engineer 
fur the works, aa not less than '4,<;0<>,U1)0 gallons iu tweiiiy-fnur 
hours. Owiug to the large iullux of WHter, and Uie jKiRttiun of 
the pumps, special measures have been taken by tim (>nj;iiit'er to 
shut out the water frum the well when an exauiinatiuu nf the 
pump Valves is UKcesaary. This is ettected by lowering a cnnical 
weight weighing Ci Uma into the U-i-e pipe, the bottom of the well 
beiug covered with cast metal pl.\iea secured to the siden of the 
yell nnd to the bote pipe. With thU plug in tlio bore pipe it is 



fonud that one pump will keep down the water while any re|uitra 
are required tot>e made to the other pump. In sinking thia well 
it was obaerveil that the water was obtained from the under aide 
of the layers of jlint intersecting the chalk. 

Liverpool, Lanunshire, is par'ly supplied with water from wells 
aunk in the new red SMudatone formation. Some of these well«l 
yield a^i ninch aa 3,2oO,nO0 gallons daily. 

St. Hulen'a Nc-w Waterworks derive their supply of water from 
two wells sunk in the red aandiitone. Ejtcli well la 310 feet deepj t 
exclusive nf the bore, and tln?y furnish a supply uf 072,O(X) gallonal 
uf water daily. 

Stourbridge, Worcestershire, is snpplied with ISO.OOOgallons of 
water dai^y, from a well 6 feet diameter and 30 feet dee)>,sunk in 
the red aandstone formation. 

Trwiraere, t'heshii*, is supplied with 150,000 gallons of wat«r 
daily, from a well 9 ff«t iu diameter and 120 fMt deep, sunk io 
the new red satKUtone. 

Trevetliin, Waterworks Co., Pontypool, fnrniah n anpply of 
100,000 gallons of water daily, from sprin;rii flowing from th« 
limestone rock. 

Uxbrldge, Middlesex, is supplied from two wells, each beiD| 
capable of yielding U*0,(HK) gidhins per day. 

Wolverhampton, Staironlnltire, is Dccaaionally supplied with 
water from three welh sunk in ihe new rod aaDdatone formatioD, 
which yield 500,000 gidloua of water (ter day. 

Dfnignt of ll'eiU. 

In consiiieriag che mode of makiug a well, many important 
matters have lo be thought of, and H»ine unforefteeu ciieum- 
siaiices IU ly often cause the original plan to be set aside. Under 
this head it is projKised to give a brief outline of the coustrnotion 
of a few wells. 

Birkrnhratt. — It has been alrea'ly menltoue<l that Birkeolti 
is su|>plieil with water fn>m two wells; for all practical purposp*' 
a description of the first well snnk will aitttice. This well is 
entirely executed in red souilstoue rock, and without ateiniog. 
The total depth is 390 feet; the first 95 fact is 9 feet •liameter, 
then fnllowrt a bore of 26 inches diameter and 44 feet deep; this 
is succpwled by n bore 1 8 inches diameter and 16 foet doep, which 
ia diminished tu a bore of 12 inches dianicter for an additional 
depth of 130 feet, nnd dually this ia aucceeded by a bore 7 inches 
diameter aud 110 feet deep. The water rinea aftrr the ocsaation 
of pumping to within !)3 feet of the top of the well; and when 
reniucwl to a levul nf 134 fi-et fniui the surface, the well yields 
2,000,000 srslloDB of water every twenty-four hours. 

Guy'a Jio9piUil,—T\\n well is aunk through the Londoa claj 
into the chalk, and the folltiwtng in a dfRcriptiou of the stralK 
piarced: — 8 feet superficial earth. 2 feet yellow clay, 1 f'xtl black 
loam, 3 feet peat^ ID feet gravel, t^3 feet blue clay. 22 feet mottled 
clay, 4 feet (lark blue olay, 'f feet shells and sand, 10 feet mottled 
clay, 4 feet sand and pebbles, 4 feet mottled clay, green culouretl 
aantl and pebbles, 4 feet greeu coluure<i atuid and pebbles, 3 (eet 
gr&en colouretl Hand, 44 feet grey sand, sncceedcd by a layer of 
Ibnta, and then the chalk. The total depth of the well ia iHB ft 
*i in. For !» feet in depth it is 8 fett diameter, and atcined with 
a inch bnckwurk; which is snccfcded by five caat-irou cylinders, 
4 ft 6 in. diameter, each cylinder l»eing S feet deep. Below 
these cyliodcrs, and for a further distance of DO feet, the well is 
4 ft. 6 in. diamel«r, aud steined with 4^-inch brickwork, then 
follow.s 2 ffet of ;> inch alpining, the whole resting on the bottom 
of the wull, which ia executed in 18 inch brickwork. In the 
centre nf the well a bore-hole is made, which is lined with a 
12-iuch inm pipe, the pipe being coutinued 72 ft. 6 iu. above the 
bottom of the well, and within 60 feet of the surface. 

Kfnfingtontffirtlerni. — This is a well that wuh sunk for supply- 
inj; thit Serpentiue. It ia 3:!1 fe«t in depth, and the water riaes 
within loft feet of the surface. Tbe following ia a dcflcriptiou of 
the strata pierced in making this well: — 2 feet of HUrfucn earth, 
170 feet bluR clay, 2 feel pptriticd wood, 7 tcvi dark culouretl 
sand, 43 ft. C in. culonrod clays, 1 ft. iu. sand, 4 feet [lebblt^s, 
30 feet sand, 3 ft. 3 in. flmU, 54 ft. fi in. chalk, 3 ft. 3 in. flints. 
The Well ia 6 feet diameter for 203 feet deep, and ateined with 
brickwork as follows: — For the lirst 2S ft. with 9 in., G7 ft ttiu. 
with 4iin., 5 ft. with U iu., 10ft. with 14 iu., 6 ft. with !*iu., Ulft. 
with 4^ iu. The remainiug poi-tiou of the wall is lined with 4 ft, 
in. irou cyliudvra; there are twetity'three of these cytindera in 
use iu the well, and they are continued up the well within the 
brick ateiiiing, a distance of no feet. The btittom of the well 
js filled up with concrete, through which a boriug is made tuid 



. 1. u«i 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



I 



linetl wttfa al^id. pipe, 18 ft. iulcaj]t^l>< ^^^* ton ofthe pipe la about 
A ft above tbe bottom of tbe well; the nuiamtug portion of tbe 
boriDg is lin«<I vith nri 8iii. pipe. 

Ckeihunt Well, Ntte Rit^r Company. — This well jieMa 702,000 
gallouB of water p«r Any, And ia iu execution the fotlowtiiff 
•tntn were pierced: — I ft. 6 in. Roperfivial enrth, s feet gravel, 
45 feet blue clay, 2 fe«t rell'^w ehiy, 12 f«et white itnnd, 30 f«et 
<iark culonretl »iiud, then fullow» the chalk. The weil is 171 feet 
deep, and is dteined partly witli brickwork ami partly with iroa 
cylindera. For M feet id depth the well \a IL ft. 6 id. diameter, 
and steioed with 14 inch biickwork; for n further depth of 4-1 feet 
it is ft feet diameter and stt-im-il with n inch brickwork; of tin" 
44 fe<-*l, 41 fert i» liu«-d with r«sL-irc>u cylimlcra, 8 feet diameter, 
which ar« also carried to a depth of lOA feet from the surriice. 
There ar« fifteen cylindem of tliin size in uhp, and they are suc- 
ceeded by others B ft. 10 in. diameter, of which there are itix iu 
ww; thete are again succeeded by two cylindera, 6 feet diameter. 
The wliole nf the cylindera are 6 feet in dcptb. The bottom of 
Ibe laMl cylinder i« US f«et from the aorface, nt which point they 
ITMl npoa a foundntion of!) in. brick «teii)ing, 7 ft. in ttopih. At 
the bottom of the <) feet cylinders the well widens out in the foim 
of a CMite i-' ft. t) in. dijimeter at the floor, which ia 20 feet below 
the bottom of tbe 6 feet cytindcrs. Id ilie centre of the well a 
b<jre hole 3 inch diameter and 27 feet deep wna made, and the 
well ia prnvi<)ed ou the floor level with bemliugs 7 feel high and 
4 f^. ft ID. high. 

Amvrtl Hit/ Well, Nrw River ITaJer.— This well furniahea a 
■apply of wjit«r «qnal to 2,461VXX) gallon* of wnter fwr day, it is 
entirely aunk tu the dialk; fur 84 feet from the Hurfaoe it ia 
ateined with 9 inch brickwork, thou follows a sinking iO feet 
diameter without ateinJng, but furnished with headings (> feet 
bigb and 4 ft 6 in. wide. In the centre of this shaft a 2 feet 
bore ifl made, which is j<ncc(fd<vl by one inchee diameter. The 
«fttire depth of the well in 101 feet. 

Wormffg, J/ertit. — Tliia well i» 13."i fuC in, deep, and is snnk in 
the chalk. The water rises to within 01 ft. 8 in. of the surface. 
For 36 feet the well is 4 feet diatnetrr, at which point it oum- 
1D600U to widen, until at Ati feet it is 6 fe«t diameter, at which 
atw it is onntiuued nntil 70 feet i« reached; the whole of the work 
19 sieitii'il with 4^ incb brickwork; for 15 feet doe|>er the well is 
3 ft. it in. diame.tt<r, the npper portion of wliich ia sleined with 
wooden cnrba, tbe well terniinattfa in n bore 6 inchea diameter, and 
WfUCio. deep. In executing this well the following strata were 
prercetl: — 1 foot oui'Cice eartb. 9 feet loam, 10 feet yellow day, 
12 fe^t blue clay, 6 feet brown sand, 14 feet white sand with 
pebbles, 20 ftwt brown saml with water, which w«s succeeded by 
tbe chalk. 

ChMkunt—Well qf Sir Jfertry .W«u.r.— Tltia well is 202 fL 6 in. 
de«p, and derives its supply of water from tbe chalk. It b an 
ordinary well, stehied with brickwork. Thesurfnce wnter is pre- 
vented from enu^ring the well by making the well oincenrric nt 
the tcip, the space between outer and inner wells being afterwarda 
filled in with puddle. The well itself is 71 feet deep, steined with 
4| inch brickwork. It ia executed for the remainder of the depth 
by boreholes, vtirring iu diameter from 7 inchen Ut 4 inches. In 
executing it tbe following stmta were pierced: — 5 fe«t gravel, 
SO feet blue clay, 1^ feet coloured clay, 1 foot dark coloured sand, 
£ ft. 6 in. sand nud pebbles, 3 feet bright sand, 3fi feet dark sand, 
1 foot flinta, 2 fe«t chalk fliiila. 1 foot fliul«, tbe remainioi; ills- 
tuioe cf 78 feet being entirely chalk. 

Southampton. — The well aunk on SouthamptoD Common, with 
tb» [uleniion of supplying water to tbe town, turoed out tol)« a 
6hilur» a« r^arda procuring a supply of water, nithongh it is a 
fine example of the urt aud Hkill of the weil-«ioker. The well is 
aunk Ui the depth of HG'i feet, and bored a further dutauce of 
754 feel, making a total depth of 1317 feet. The upper portion 
of thid well was executcrd in brickwork. At 10 foe t from the 
•orface iron cylinders, lil feet diamuter, were introduced, which 
WU4 ooniinued to tlie depth of Gi feet frum the anrfkcc, when 
tbecobtmctor failed iu his work, which at thia depth was 2 feet 
out of the ijerpendicular. The work was now undertaken by 
Mr. Thomaa Docwni, n •;eiitleinan who has had great ei|>erienc« 
in wetl-^inkiDg; but, before the fresh work conid be proceeded 
with, it was necesaary to secure and strengthen the upper cvlin- 
dm, which, owing to the violent measurci uwd to drive them, 
were crackM and broken in all directions. This strengthening 
WHS Bccomptishcd by the intruduction of caHt-iron curbs, su*- 

Cded from the flnngea of the cylinders; and when thu work had 
B is this manner thoroughly secured, the new work was pro- 



ceeded with: three built-up cylinders, 6 ft. 6 in. diameter, were 
produced within the 13 feet cvlindersaud extending .ihout 3 feet 
below thero; then ateiuing with brickwork was commenced, which 
gradually widened out until nt the depth of 72 feet it wk4 14 feet 
diiimeter; atoiniug was continued to the depth of 1G4 feet, and 
was lined within with iron cytiudera, backed with concrete; at 
this depth (164 feet) a set-ofTwRa made and the well was oon- 
ttuiied in 14 inch brick Hteiniug, having a diameter of 1 1 ft. 6 In., 
nntil cho well had reaclml the d^pth of 214 feet, when another 
set-ofTwn!» ma'loaud the well was enntinned in 14 inch brickwnrk, 
10 feet tiinnieter, to the depth of 2()7 feet from the Burfaco; at this 
depth another set-off wiot made, and the well was continued in 
!l inch brickwork, H ft. 6 iu. diHm«t«r, until the well had reacbetl 
the depth of 302 feet; when at about thia depth it was ascertained 
that the work would have to be continued through n bml of 
ruuuingaand, and special means were adopted tc secure the work 
ahove. These means con8iste<^l of the intivMloctioo of an iron 
curb, and the work waa sus^wixled by iron rods to another curb 
at the set-off, 2G7 feet from the surface: this latter curb, in its 
turn, was suB[*ended by means of strong uhains to the bottom of 
the caat-irou cylinders at lti3 feet from the surface. Whan the 
work hod been thus secured, a single cylinder of cast-iron 8 feet 
diameter, extending 2 feet within the 9 inch brick steining, was 
intnxluced, and below this 4^ inch brick steining, lined with 
caRt-inin cylindera 7 feet diameter, was executctl, the space 
between the brickwork and the <»'lindcra In^ng filled with 
puddle. A kluice waa made in one of the cylinders, which oould 
be opened to admit water at pleasure; at 'Sii feet from the sur- 
fiice, the use of iron cylinders was discontinued, .\Dd the work 
was carried forward in 9 inch steiuiug, the well being 6 ft. 9 in. 
diaioecer, to the depth of 4G7 feet, nt which point the steining 
was terminated upon 18 inch footinga of brickwork bedded in tbe 
chalk. The reni»ining portion of sinking was executed Iu the 
chalk, without the use of steining, until at the depth of A({3 feet, 
a trial bore 7 inclies tliameter wa« made to an additional depth 
of 7-'>4 feet, when, owing to the great expenses incurred, and tbe 
probability that if water were to be reached at all it would be 
salt and uutit for the purposes required, this enterprise was 
abandoned. 

Wells and borings have been occasionally made for absorbing 
waste wnter, which is conveyed into tbe absorbent strata, anil 
which, l>eingdisseniiuate<l over a large district, finally makes Its 
escape at tbe itoiuls of natural overflow of the atruta. It has 
been observer! that, to making use of wells for this work, any 
ordinary well will absorb a qimntity of water equal to its yield, 
providetl that the water is free from matter likely to choke the 
pores of the absorbent strata. Thus it baa been provml lliat if 
the natural water level in a well is 20 feet from the surface, aud 
by reducing the water level to 3U feet from the surface the well 
will yield 100 gallous per minute, by raising the water level 
10 feet from the origin.tl level, or within 10 feet of the surface of 
the grouud, the well will absorb water at the rate of 100 gallous 
per tuiimte. WelU of this duacriptinn hare been caecoted iu 
many places purposely to ^et rid of sarplua water; thus an exten- 
sive plain near Afar8«ille«, which was originally a momim, has 
boen etfectnally diaineti in this way. In this country it has 
often been fonnd that, to carry oat agricnltural dminagc, water 
may sometimes be got rid of l>y simply boring through tne npper 
cniat uf clay or other impervious strata into the poroua strata 
below. Absorbing wells should not, under any circumstances, 
be used except to take away pure water; as tbe edect of discharg- 
ing impure water into these wells wonld be to contaminate tbe 
wells of the neighbourhood used for procuring sapplies of water. 
Tbe practice of making oeMpools absorbing wella is a moat |»er- 
nicious one, nud cannot bo tuu strnncly condemned, as not only 
may it spoil the water of any wella in tbe immediate neigU- 
bourhooil, but when the stmta is very porous it may poUuta 
wells and springs mure remote. 

yi-cestiltf of Drai/tage. 

Whenever an artificial supply of water is cnveyed into n town 
which previously has been supplied frum wells, it may be found 
tlint, without a proper system of drainage or sewage to convey 
away the anrplas water, the healthiness of the place, instcail of 
being improved by an abundant supply of par« water, mar be 
injored, as the constant pumping from the wells of a district 
tend very naturally to prom>ne the dryaeas aud healthiness of 
tha soil, and when tbe pumping is discontinue*! dampness with 
all its evils are brought into play, which arc augmented by Ibt 
additional supply of water. 
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ON THE BEST MODE OF APPLYING POWER TO 
PROPEL TRAINS ON RAILWAY lA}iKS HAVING 
FREQUENT STATIONS, AND IN TERMINAL STA- 
TIONS* 

By Pbteb W. Bari^w, FJtS. 

Ht attention wu first especially directed to the subject of the 
moLiTo power on railwuya iu the year Itm.wUeu I wb8 iimtruct«d 
by the directors of the Sotilh flasterii Hnilway to report on the 
spplioability of tlie iitnmapheric syaleiu tu the Timbridge Wells 
br&iich of tlio South Kaatern Rjnlaiir. aui my inveaiigntion 
coiitniDing some expcrira«nts on the l>It:r-hill incline of the 
WhitatabTe Railway, was laid before the luxtitutioo of Civil 
EugiaeerH iu 184-^. 

Itt the year 1848, on the opeolo(( of tlic North Kent 
liailway, the locomotive superintendent reported to me that » 
luuch greater couaiimptioD of coke occurrpil than with iiiiiiilur 
trains on the main line, which waa aap)H»ied Iu nrise from tlie 
Knialler radii of the curves and 8teop«r ^mdient^ 

The BtatioDB being more freqaent on this line, it was necessary, 
in order to understand the cause of this Ioaa. to tlislinguiith whut 
portion of the total power waA ret)uirB<l to put the trains in 
motion, aa distinguialied from that employed in traction, and I 
calculated ttie accelei-atiou of traius with vnrying tractive power, 
which was compared with the observed acceleration of looomo- 
live trains un tlie South Eastern and Oreat Western Railways, 
M\t\ with tbe experiuieutii mado by Mr. Stepheuaos on thu 
Atmospheric Railway at Dalkey. 

It is suBioient for the piesfut purpose to say that, with due 
allowance for the lo«s of tnictive force with increase of velocity, 
the experiments fully coutirmed the theoretical calcuUtlous, and 
tefl no doubt of the practical accuracy of the formnla. (See 
Appendix.) 

Iu the progi-esa of these expcrimcntson locomotives, I remarked 
the scrions loss of time which nroKe in getting the train into 
speed; and il will boaeen by i-efernng to the tables that on the South 
KnHtem Railway, at that time, uue and a half to two miles woh 
generally reipiired to get tlie train into fall speed, and, ou the 
Gieat Western, between three and four miles; and it becnme 
apparent, by testing the rate of accelfration due lo the tractive 
power of tho North Kent engines, that it was impossible to make 
the journey (stoppine at every slalion) in the time required, even 
if the trains liatl no friction or incline to contend with. 

The only remedy was engines itf greater tractive power and 
weight, and these have Wen ailoptnd to Riicb an extent, to meet 
all cases, that under fuvuurnblc ciiuumstances a momentum and 
velocity is given to the train in 15<i yards that would he auHicient 
to take It half a milo ou the level if the engine wasdctached; and 
h.ivinp recently observed this fact, it uccured to me that iu 
working metropolitan tines, with frequent stations, sutficieiit 
^power might be given at the staiinu, by stationary power, to 
propel the train, without the aid of a locomotive, to the next 
station; and having, upon careful coiiHiderHiioa, arrived at an 
upinittn that such a mixle of working will give a greater average 
velocity, and be apparently snpprior In other respects to the use 
nf htcomotives in such caseft, I have been desirous to lay my 
investigation of the subject before this S^wit'ty, na a matter de- 
serving of discussion, from its im|)orlAUt effvct on the capability 
of metropoliiau railways u> relieve street traffic. 

Iu tho ordinorj' duty of locomotives, as employed upon the 
great syntems of railways, the distance betwexu the stations or 
points of stoppage is such, that the great and imp:)rtant duty of 
the engine in to maiuL-tiu thp requisite speed after that speed has 
been m*quirwi; and one of the tii-st facta which an inquiry into 
the subject; aiunot fail tn establiah Is, that the locomotive engine 
Is admirably a<]apted for this purfKise; and, as regards the fuel 
expendetl for a givan amount of work, it is one of tbe most 
econuturcal forms of engine in use. 

The resnlt will nppenr, whether we take the work performed 
by an express i;n>iiue In a fiist train, or a heavy goods engine 
dniwiug a slow tnuii; and in either case it results that, provided 
I he dtsiAUce between the stations in larg|e, so that the engine can 
work for a considerable lime, exercising lU power at a fair woi king 
8i>eed, tlie eoouumicid working of locomtrtive engines, compiiriug 
the work done with th« fuel cnuHunied, becomes manifvst. 

Wbeo, however, the duty to be jwrfurmed is that of woikinga 

• Ps{>er rosd btton the 9«d«t)r vf Aiu. 



line in which the staliong are x'ery cloae together, and the 
Btop}.>Agcs frequent, it then results that all, or nearly all, the woric 
of the engine is expended in acqairing the travelling speed, and 
that, iu fact, it has not ceased to nooelorate its travelling speed ' 
when it becomes neccesary to shut off tbe steam and apply the 
brakes, so as to stop at tbe next ntatiou. In &ct, the same engine 
which iu long stages would make an average speed of 35 or 40 
miles per hour, is uicapabte, with frequent stations, of making an 
average Sfieed of 13 or 14 mitea, even with agreatly reduced load. 

In this condition of tliingM, which is iu fact the condition of 
mpti-opoliiau railways, a new set of circnmsunoes has to b« met) 
and the question arises whether, where these oiraumstaoccM 
exi!4t, stationary power, when applied in a manner strictly adapted 
to the case, is not more economical — capable of greater speed 
—and in alt respects more suitable to the convenience and 
exicenciea of the traffic, than locomotive power? 

In terminal stations Itie use of stationary power will add much 
to the simplicity of working. At present, as the locnmotira 
arrives in front of the train, it is made prisoner until the train is 
removed. It has then to go to another part uf the station to W 
tuniotl on to take in coke and water, and then comes back ngaia 
to the train it has to take out. Thtrse frequent operations not 
only wear out the road and poiiils am) cmsainga very rapidly, but 
oausr constant stoppnges to trains arriving to enter the statioa. 
To avoiil a portion of this difficulty, the locomotives are lometimM 
run tender 6rsi, a mixle of working which amounts to no 
admission of imperfection, and appear; to foreshadow a change io 
the preseut system, particularly as the luore the tratlic increasefl 
the mora these imperfections will Iw felt When the stations are 
near together the time required to acquire tbe spe<^d is so 
important an clement, ihat greater tractive power is reiguisite to 
enable a reasou:^bIe avera;^ speed to be maintained; and the 
power nf the engine is governed by the power requimte to put 
the train into motion. Thus the actual power exerted to proj>el 
trains of forty tons every live roinates each way on a railway 
similar to the Metropolitan, of three and a half miles in length, 
at the velodty now adopted, would not, allowing une-tbird HA 
iionM», lust power, and 15 lb. pur ton traction, exceed that to 
obtain which at least ten locomotives, capable of exerting iu the 
aggregate a power of 2200 horses, are reqaired, in consequence 
01 the combined losses from the extra weight to be conveyed, the 
puwer to uvurcDuie the inertia, and^ thirdly, from the engine being 
restricted from making a fair working speed, these lijsses being 
in addition to that of the engine Itselffrom friction, &c. 

Seeintr that it is necessary to use snch |iowerfij) engines to 
pnssenger trains where the stoppages are fi^oent, it follows that 
the weight of tbe engine becomes largo in proportion to th«_^_ 
weight of the train, and therefore, if that weight can be dispenscd^^H 
with, much loss power will suffice to give tho same amount oT^I 
speed, or, with the same amount nf power applied, a much greater 
speed will be obtained. In like manner, if tho weight of the 
en(;ine is dis|icnscd with, the train can be brou^dit to rest lu leaa 
time by means of the brake; and coupling this with the increased 
rapidity with whioh ttie speed at startiug can be acquired, it 
follows that, dis{)eimii.g with the weight of the engine would be 
of very grpnt advantage in the case of stopping traiua. In order 
to show the dlwidvnntages under which locomotives act wheD 
stations are frequ<.-nt, a comparison is here made of the speed 
which will be obtiiiusd by a locomotive weighing 40 tons having 
an etfective tractive pi>wer <if 4000 lb., with a stationary engine 
of the same power, and one of 8000 lb. tractive power, the 
stiitions being assumed to be lUOO yards apart, and the railway 
in the lirst plaoe level, the second ou a gradient of 1 iu £00, and 
thu third on a gradient of 1 in 100. 

The rate of acceleration is currectly represented by an incline 
ohL'iined by dividing the total weight conveyed by tho effective 
puwer, ami witl be uuderstoud by uie rliaKmnis on the next page, 

iu which tliH line represents the incline iliie to ibe locomotive; 

the lino that due to the stationary power with 4O00 lb. 

tractive force; and the line — that due to BOOO Ih. 

tractive force. The tables appended show the relative inoliuee 
and velocities. 

It will be seen, by refsrence to the table, tli.-.t in the case 
No. 1 — viz., level, tho velocity has been increased from 17J to 27 
miles per boar, and the time saved 41 secouds. In No. 2 
gradieut, I in 2ix>, the velocity has been incieased from lo| to 
SO miteii |>er hour, and the time snvctl Hi seconds; and in No. 3 
gradient, I in lOU, the velocity h.ia been increased from 13 t« 
2^ mites per hour, and time aavetl 1 minute 17 necnnds. 



Akl, IMf] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



49 



No. l.—Jtaawty LwtL 



Vo«H Baipki|iA. 



IkIIm re- 
r«« of M>- 



LtWDiDottTe tnin bwrtive power 
4000n». , 

SUH mi mt engiue bnctive power 
40001b „... 

Suiinit&ry engine tnwiivB pow«r 
aoooib 



Dbtaaca 

the povei 
acta. 



I in 56 
1 in 35 



1 in 12 



l«i 



455 
216 



Tins of 



K.MBg 



1 28 
1 16 



Anne* 

ptrkoor 



23 
27 



ATo. 2.~ti>ra<UM( 1 fa 200. 



LocDoiolivv train traetiTe power, ) 
40001b \ 

Surtiooaiy engine tractive potrer, 
4U0Ulb 


1 in 78 
I in 284 
I in 13 


853 
523 

228 


2 

1 
1 


13 

31 

18 


224 


StAtituuuy engine tractive power. 


26 







yo. Z.^Orttdimt 1 in 100. 








LoonmotiTe train tractive power, \ 
40001b. 

Stationary engine tractive power, 
4it0'ilb 


1 in 125 
llnSS 
1 io 13-4 


905 
405 
242 


2 
1 
1 


37 
34 
SO 


13 
31? 


HtaticQwy engine tractive power, 
80001b 


ZH 



Fig. 4 ii given to repreaaat th« relative velocities of tlie 
looumoiire nod etaiioonry engines. 



It will also be observed tbat the tractive force of tbe statioaarv 
eogine, when doable that of the locomotive, hiu been employeil 
leBS than oDO-tliird of the distance, and therefore greater velocity 
haa been obtained with lew expenditure of power; and hence 
ariiae an important feACure in favour of stationary power, as pro- 

Eosed to be applied, as not only less actual pover is required, 
ut a short length only of propelling power being necessary, the 
Jobs of power and liability to deniDgement hitherto experieuced 
in stationary power will, iu a great dugree, be avoided. The 
obtaioiug increased velocity wich loss power is apparently an 
anomaly, bnt its correctness may readily be seen, and will be 
illustrated by the experiment of applying a tractive power bv 
ineaaa of a weiglit uuiTtcieDt to propel a carriage with a smafl 
aoceleratiou. By applying four timea that weight for a quarter 
the distance the acceleration is very rapid, and the average velo- 
city will be inorensed with the same expenditure of power, and 
in degree depending on the ratio of the accelerating power to the 
load in the two cases. I am, therefore, able to clium for sta- 
tionary power, when stations are frequent, the advantage of 
superior speed, an advantage which has been found to be of im- 
portance to the success of railways generally, and their influence 
in the districts through which they pass, and one which there it; 
uo reason to doubt will equally influence the devolopuient of tlie 
traflio of metropolitan railways, if not to a ereater degree, 
because the saving of time is at present less decidedly iu favour 
of railways. 

If stations were a little more frequent thou they are, a good cab 
would still remain the quickest mode of travelling; and it is so 
now, unlees the railway runs direct to the point to which a 
paaaenger is destined. Speed is also important, from enabliug 
more frequent trains, and therefore a larger amount of traffic, Uj 
be carried on one Hue of railway. 

The economy arisiog from stationary power is not here ad- 
vanced as of the nsuaJ importance In railways, perfection of 



Vie. 1.— S&ihrkT Lev*]. 



'***'-.. 



Fio. l.-OradiMit 1 In SdO. 
YmiU. 



rig. S.— Gndisirt 1 in 100. 

Yard*. 



Yst4i. 



Fiu. 1. Fi6. }. Vio. t. 

HtlM perbuar, MUu p*r bow. UUn pn hour. 

LsconotiTa po««r Avsnge ^velocity 11^ | iftl I it 

StoUuBu? CMU^ power ........ „ U SSl SI] 

OCfttiaunr Uoabl* powv „ IT j SB j Mi 

Tie. 4.-I>ls|iiai ef BaUUve VelacaieL 



tnJU fiii Mt. 



300 



Soft 



t-.^ 



: MILES 



SnJf of V«lodttu. 

Velacttr of LoconollTe fraa A to B b n>pr»Mnted hj d<itt«d IIm, Dial : — — 
Vflloeltr in StatloouT Vamar fton A Io B i« raiMBMoUd bj doUad Un«, Ifcu : • 
Ttlodlf « sn OrUbwt Traia— br » Use tbua 



irronK loBrspmnUTdudtji of a carriagr ikucjicd «E K ChMs tbe ndSisr} CnUs. 



U 



50 



THE CIVIL ENGINEER AND ARCHITECrrS JOURNAL. 



fv*b. 1, im 



working being rAlher the point to be Aimod at, u it woul<l pay 
it«elf from tbe devetopment of traffio in ii nietropotiUn railvay, 
ev9n at greater onllay uuti cost, but as tbc ocoaomy uiainied is 
ao great a« tiiDc-ieDtliit, witb «4)iuil velocities, it i« necessary to 
explain how tbia oxtraorJiuary diirurence arise*. That the loaa 
from the use of locuoiolivea ou uietrupolitan liiira la fully uine- 
t«ntba of the power emploved is pretty eriJent, becauae tbe total 
iluty performed iu propelling traiuti of 40 toua every 6ve miuutetf, 
e<|aal to 40 tons 84 milea ]kur hour, or 200 Luuti 10^ tiiilen p»r 
hoar, it not greater than one of the locomotivaa fltnplojed (which 
are iu fact eqtial in tmctive power to gooJa euginea) would per- 
form on a main Uuo as a fair dny'd work, and tlie chuno of tbii* 
loaa it la oot dilfioult to comprehend. Ajt before stated, it arisea 
from three eauiws: — 1. The increased weight of the train from 
the addition of tbe weight of the eogiue. 2. The loaa tu over- 
ooming the inertia of tbe train, aud cooseqaent application of 
the brnkt;; and 'X The large proportiou of the time tbe locomo- 
tive ia under nleam, aa compAreil with that on whiob it is em- 
ployed advaDtagf^uualy iu traciioii. The degree of eoonomy from 
the weight of the locomotive being saved, of conne depoiid>t oa 
the relation of its weight to tltnt of the train. On railw.iys 
worked by atutionary engiuea, the weight and friction of the 
rope, from ita great length, geoeraUy exneedii the Iom from the 
locomotives; but iu metropolitan railways tlie locomolivea are 
reqairod to be of suuh weignt as nearly to equal that of tbe train, 
and tlterefore, half is directly lost from this cause, 

Tbe loss from overcomiug the inertia of the train will be 
arrived at by comparing the puwcr euiploye^l iu each case. If 
the doable power repivfwnlcd by the line -- - on the diagram Li 
c<.>uliiiued for 100 yards, the velocity on tbe level will he 27 miles 
per hour; and if the train is allowe<l to run by its own momeulum 
it will be 18^ mile* at the [loint where the brake U applieiJ, pro- 
iluciDg aa average of 2CJ miles, a velocity conaiderably exct^eding 
the looiMuotive. Tbe power exortod will be as 200 to 71»9, or 1 
to 4 nearly. This explaiuaaloss of|th« of tbe locomotive power, 
tbe remainder, making it i^ths, being due to the locomotive not 
being an acoumulaling power; or in other word», tbe power 
exerted iu tbe two casos ia as 1 to 4, while the englue pi>vrt:r 
ueoeaaarily employed is 1 to 10, from the engine bemg restrained 
from making a fair working speed. 

The case here atuurued fur illustration is that pf the railway 
being level. On gmdieuts cxouetliug 1 in 200 it will be necen- 
Ku-y to have a greater veluclty than is now made l^ locomoiives 
to give auffioieitt momautuiu, and thus a direct compariaoo am- 
not be made; in fact, the advantage olaimetl fur staiioiiiiry 
pi>wer is the means of giving increa^d speed comhiuthl with 
graat eoonomy, rather than tbat of excouive economy with tbe 
■ame speeil. There is no dunbt, however, that a saving could he 
made of two-thirds of the preaeut ooat, still giving a large im- 
provement in apeed. 

Freijuent trains are, in the opinion of experienced pc aonn, 
both in itiis country and in America, necessary to devclopc tho 
omnibus tralTic; and Uiure is no reason why, with etaiiouary 
power, from the improved velocity, they could not be m:ule In 
run every three or four minutea, allowing sufficient time for one 
train to leave ita station before the following train WiU aJlowe<i 
to start. This could not \m done without locomotives treble In 
number to tbe Htatiooary engines, even if there were required to 
be one stationary engine at every atation. Another anurce of 
economy will arise by stationary )K>wer, from less destruction of 
the permanent way, and in uudergroond railways from a less 
dimension of tunnel being required when a single line is used. 

Tbe two important points of onufNiriflion — viz., H(>eed and eoo- 
Dour, are here shown to be iu favour of Mtatiounry engine;!, and 
as the avoidance of the looomotivp would be a benefit to tbe 
travelling public, particularly in tunnek, and equally a? to the 
reiidenta on the line, by reduciug the milse and vihratinn, and is 
also decidedly conducive to safety, stationary uagicee wouM ap- 
pear to be the superior mode of working railways with fruqueut 
staiioDS, uttletM there arise practical objections to balance thene 
advantage!. Two objections have been suggested — nne, that the 
rate of aoccloratlon will W so rapitl .is to be unpleasant to pas- 
sengers; and the second, that b the event of a train from any 
cause being stopped between stations, it would be left in a help- 
less condition for want of locomotive power. 

With reference to tho firat objection, it is only uecewary to 
observe that the rate of getting into motion will not produce a 
greater velocity than 11^ milea per hour at the end of AU feet, 
which la not m gi-aat a rate of aocelenttloB as nriset in a carriage 



propelled by horsea; in fact, if tbe rate of aoeeUratum which 
now arises with loeomotivea in descending gradients were giveo to 
trains on the level and in ascending, a very important aavtng of 
time would be made, and no objection ootild arise on thi» point. 
With reference to a train being Ht4)p|>eti between stations, it must 
be aaaumcd that tho momentum given to the train would be such 
that considerable brake power would be always required to stop 
it at the next station. The distance the train is to be propelled 
by lunmentuni is much letw than la done every day by detached 
carriages on the principal lines of milway; in fact, every locomo- 
tive train ia propelled the hitter part of Its journey by momen- 
tum; and in tho case of express trains more than a mile ia 
required to stop, with the assistance of brakes. The Qreenwieh 
and Blackwall railways wera worked Into London by momeatnm 
nearly as far as ii here proposed, and were never known to fail 
as long as the engine power actod properly. The cause of intor- 
ruption to the traffic by an accident to the locomotive itself will 
be avoided, and that which now occasionally arises from the 
repair and renewal of the perm-inent wny will be much re«)ucc<L 
On a metropolitan line devoted exclusively to passenger traffic, 
there are no level cros-iings, and the public are entirely excluded, 
go that the stoppage of the train, except from accidents, will b« 
very rare, and no train would leave oue station until the llna 
was signalled clear to the next. A pilot locomotive, in oaae of 
accidents, would be used as at present, as the mode of applying 
tbe stationary power will not prevent the occasional use of loco- 
motives. 

On the mode of nppiying the atationary power. — The mode of 
applying stationnry power here aoggented differs from that 
hitherto employed, inasmuch as it is not connected from station 
to station, or connected through several stations, like the Black- 
wall system, lint each has a propelling power independent of the 
other, although the power may be derived at several stations 
from one engine. It also differs iu that the power U anted aoca- 
tnulalivelv, ami thus a smaller power of engine is reijuiretL 

L will now obMtrve that the result uf tbe expertmt-Dta on the 
Whitstable railway, previously referred to, and the examination 
generally of the subject of motive power, led me to recommend 
tbe directors of the South Eastern nulway to substitute locomo- 
tives, and abandon tbe stationary engines on that line; and the 
alteration was attended with satisfactory results, not beeauae 
there was auy serious difficulty In the rope system, except iia 
groat weight and length, but because oue locomotive wns made 
to do the work of all the stationary engines, and a greait^r 
average speed was obUiiued. One of these ropu was 1 mile 
70 cliuina in length; aod ou the Blackwntl railway the rope wki 
above 3 miles iu length to csrry passenger trnlhc. Great nieeha- 
nicnt skill and go<Kl wnrkmanaliipis iodicnteilby the fiict tbat such 
a piece of machinery could l>e kept iuurdcr for auy length of time, 
because the actual weight put in motion and inertia to be over- 
come, iu addition to the train, was much greater tlian that of & loco- 
motive, besides the friction of 6ve hundred sheaves. These cases, 
however, prove that no practical difficulty or liability toderange- 
meiit is likely to arise in the u»e of a rope for loO or 2U0 yards 
only, aa is now proposed; and it cany be here remarked, tbat 
although ropeti have been superseded by locomotives in many 
cases, yet that alill a large amount of traffic is carried on by 
rofieii; and :n one important instance, viz., Otaagom', the loco- 
mutivtfs have been again abandoned for tho rope, on an Incline of 
1 in 4:^, for 1 mile 14 chains used for passenger trnllio. 

The moile which first oocurred to mo of applying tbe station- 
ary power for the pri'sent purpose, was by Sir W. Armstrong's 
hydraulic priuciiile to give motion to a rope, which system haa 
the advantage that oue engine oin he maJe to do the work of 
several stations by a waier-iunin laid along the line. Another 
form of pru|i«Iler, very simple in its action, but requiring an 
engine at each station, ia tbe ilcscent of a weight raised by a 
small engine constantly at work. 

The |K>wer expreast^d by a weight of 40 tons raised 30 feet 
every twi> minutes and a half would propel a train of 40 tons 
more than 1^ mile on tho level befure tt came to rest; and a 
stationary engine of forty-eight-borse actual power, allowing 
one-third la-^s, would be Huffinient to rtm 40-t')U trains every fiva 
mioutetj each way, allowing for the loss fruni friction and the 
power required tu bring tbe weight to a state of rest, which lat- 
ter loss would amount to 10 per cent, of the power. The cost of 
working such an engine, Including repairs, would not .tniount to 
£i 10<. per day, mo tliat the cost per train fier mile wonid be 
under 2iL The trains may also be propelled on the atmoapberic 
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prlociple, aither by the old plaa of a pipe, or Mr. Raiumell'apUD 
n( h wmaH tannel; and a* the power w roqiiii-pd noly for a. short 
duit»rK¥, there will uot ariKP the illtfiailiy fruni friction uid leak- 
I %gt which baa bithorto b«eD i;Xf«rieuc«d to ib«K modes of 
tnuitoiL 

Id aootber form of propeller niggested, wlilcb is Rp«cialty 

ikdaptod to frequent trains, the accaniDlation of jKiwer i« made in 

' I boUar. Driviuf^-wbecls nnd cjIinderH, BimiUr to nluoomotive, 

>0>edto propel a rope for the required distance. The total 

Ewdfhtof moriog ouiohmery will not iu this case, includiaf; the 

I rope, «xoaed 4 tons. A duplicate of every pari, including the 

Fkiilnw, woold be provided, and as there is an iaterra] nf ei^ht 

[hcMin^ rut io each day, sufficient to rspUoe any part which 

I might be out of order, 1 submit that such a piece of raacliinery 

Emay be considered nearly lafe from demngemeot A propeller 

i of either kind, it is siiggesteil, could be u»e<l advantageously on 

nilwaya worked by kiconiotiven, for the pur|>ose of atartiof; 

' trains from stations aiLuatuJ at the foot of tncIiDes, where now 

locomotives, although generally master of tlieir work, frequently 

btl in BurmoantJDg the incline, thus leading to loss of time and 

dajjger. 

Id conclosioo, I will observe that it is difficult for the author to 
I describe a new suggestion without a bias in its favour, but I 
' have endeavoured to lay the comparative merits of statintiary 
and locomotive power fairly before the meeting. The subject is 
so iniportant in its iofluenoe on the value and extenflion of metro- 
politan railways, that I olTer it for dtsciiaflion without venturiog 
Ui give a decided opinion of my own, until I henr the views of 
those eminent engineers who have devoted their attention to the 
subject of motive |Kiwer, nod which views, 1 hope, will be ex- 
L pressed on Lhia occasion. 
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Atpsvdix.— The formula naed in calculating the acceleration 
iR— 

T 

I beiog the inclination of the railway; P the tractive power; 
T weight of train iu lb.; B length of the plane; / friction of the 
train per ton. 

The velocity given to a train of 40 tons by 4000 lb. falling 
600 feel, or 8000 lb. falling 300 feet., tiie Action being U lb. will 

2 A80O0-6Ot)) 300 X 16^ 
'V W>,600 

Amrrm 300xl6t^ 27 „y^ i,^„ The 

V bn.fioo *^ 

power exerted will be for Hve-mtunte tmtns. 
0000 Ib^ falling 300 feet iu two minutes and a half, 

or :ri = 940,000 lb. m one minute. 

^"^ add one-half 71 '25 

213-73 



In the disCDsaion which followed — 

Mr. B.IKLOW said, before he described the experiments he had 
to bring before the meeting, he wished to add a few remarks to 
what he had written. In auggcytiog a sabsUtoto for the locomo- 
tive, he hail no intention to undervalue the qualities of that 
engine; on the contrary, he regarded it as the masterpiece of 
mechanical enpineoriujj, and the reealts it produced wore per- 
fectly astouishiog, as also was the amoimt of duty it was capable 
of performing; he entertained the highest rt-sjwct for those men 
whose talent and thorough knowledge of the subject had brouglit 
that mackine to Its present state of perfecliou. He appeared 
before them, therefore, not as an opponent of the locomotive, but 
rstber as a great admirer of it; aud ho meruly suggested that 
this noble machine, when employed as the motive {lower on a 
xwlway of abort length and frequeut statioua, was not able to 
exeicite more than about one-teuih of it« power. What be 
(Mr. Barlow) submitted was, that ouder certain circumstances 



stationary power might be employed with advantage; and Iw 
cause it hnil fuiled auder oilier circumstaoces there was no proof 
that it would not succeed under those which ha<i now arisen. 
The alteraliun he suggcblod iu the appltcatiou of statiouary 
power cijuxiHleil io this — ihal instead of applying that power 
between sU'ition and station, he applied it for such a distance that 
the momentum, or vi$ vivc of the train, was brought into play^ 
and tbiit was as much a force as thu forco of steam, aud could be 
di-petided upon as wfU as any other force. He proposed to ap- 
ply the power of the rope for such a portion of the distaoee, 
that the momentum of the train would carry it with perfect oer- 
taioty to the next station. The advantage of applying it for a 
portjon of the distance, and allowing it to act in that way, arose 
from a pariioiilar law of accelerating forces, from which it re- 
sulted that a groaler tractive force applied lor a porLion of the 
distance would accumulate a momentum that would give greater 
speed than a smaller Iraolive force applied for the whole dis- 
tance, the aetiinl power being the same in each case, because the 
greater force acts for a pro}>ortionat«ty less distanoa. (Ur. Barlow 
then proceeded to illustrate this principle by a model of a car- 
riage propelled by means of a weight suspended.) By applying 
four times the tractive force for a quarter of the distance only, 
be obtaioed greater velocity over the whole dislauco tliau by ap- 
plying the tractive force for the whole distanoe. The diHiuulty 
with regarl to statiouary power hitherto had been the great 
length and weight of the ropes; but with short ropes, he sab- 
milted, they could m:xnage tlie machinery perfectly wtill. Another 
experimtuiL w.in shown, to prove that by rwlndng iKe weight of 
the carriage by about one quarter, double the velocity was 
obtained with the same amount of motive power. This was 
brought forward to show that where the duly of the looomoUre 
engiue was au accelerating and uot a tractive power, by rolieving' 
the train of the weight of the engine, they did more than save 
the mere weight of the engine, aud therefore produced a greater 
eccmomy on lines where there were fretiuent stations than on lines 
where the duty of the engine was eotirely of a tractive charaeler. 
The principle of accelerating force was further illustmted by the 
motion of a ball p>lled down 6rHt a gentle incline, and then down 
a steep Incline, aud so carried by its momentum up a gra«lient to 
the same level as before, but with a greater velocity. This ox- 
plained why a greater velocity was obtained when the same 
power was employed over a shorter distance. 

Mr. Imhay aaid that as, in the course of several eonversAtJoos 
with Mr. Barlow, that gentleman had asked him to look into his 
caloulatton.4, he would now venture to state hiii opinion as to Ihoir 
accuracy, and to explain as briefly abpossihlu Lhc view ho look of 
the prinoiple on which Mr. Barlow had bnied them. It might 
at lirat sight be difficult to nuderstand how, by a temporary 
impulse given to a train, lostead of a continuous tmctioo 
being applieil to it, tliere cnuld be an economy of power fur 
a given speed, or on increase of speed for a given power. 
The illustration which Mr. Barlow had given of a ball roll- 
ing down one incline aud thereby aoiuiring roouentam suffi- 
cient to carry it up another incline:, appeared to him to embody 
the whole principle under discussion, and he would endeavour to 
apply, as clearly and as briefly .is he could, tlio same principle to 
the case of a i-ailway train running on a level. From the eiprri- 
menta made by Puuibour, it appeared that the resistance to tbv 
Dootloo of a train amounted on the average to 10 lb. per ton, or 
y^^th of the weight io motion. The experinieuts conducted by 
tlie British Association seemed to show that this reaistnnee 
amouutud to about 8 lb. )>er tim, or about jltt^^' '^^ ^he weight. 
Since those experiments were made, great improvements had 
been ctFected, both io the carriages and in the permanent way; 
but without Inyiug any stress on that circumstauce, he would 
merely take the mean of the abovs figures, and state the rsttst* 
noce as about 9 lb. per too, or about r^th. It might, in foot, bs 
taken that a train iu motion was subject to a constaut retarding 
force cquivolent to that which it would, without friction, cucoun- 
ler in runuiog up an iDclloe of I io 2is0. If then a train wen 
starloc) with tlie velocity which it would acquire iu descending 
such au indiue, it would, Ivaviug frictioa out of account, ascend 
that incline before its velocity eotirely vanished. Assuming that 
the Btationa were 1 mile apart, and that it would be desirable for 
the train to retain a certain amount of speed, say 7 or 8 miles 
per hour, to be overcome by the brakes on nfaclilug the farther 
stAtioo, the length of the lucline might be taken at 0000 feet. 
The gradient being 1 in iiO, the total height of the incline 
measurod from base to summit would thus bs 84 feet. In other 
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worda, a train desceadiag tbroagh S4 feet of vertical height 
would Attain suffioioDt velocity to caury it I mile on Uie level, re- 
taiolng at the end of the mile a velocity to be arretted bj the 
iipplication of the bmkcs. The power neceuarj to effect thta 
upon a train weij^hinf; 40 tons, or H9,000 lb., would be 
89,600 X 24 = 2,150.400 footlb., or equivalent to the work 
of a 65-horM eogine iluring one mionte. As tn the nimle of 
Riving this velocity, he- would not trouble the mfcting with any 
remarka, for thnt was rothcr n question of pmctitwil eiigiaeoriiig 
thAD one of figures, to which he now wished to confine hiniselt. 
Let it, however, be assuiuMi, for illuKtration, tliat the vulucity 
wav^vcQ to the train by cau^iug it tu descend an incline of 300 
fe«tiD length. The total descent neing i4 feetvei-tical, this wonld 
l^ve an incline of 1 in I'iA.oratractireforceof 721 lb.tora4IVton 
train; nnit whether the velocity were given by thedesoont of each 
an incline, by the application of rope traction, or by any other 
meoiia, the power expended and the result produced would be 
precisely the sanie. As the obicctioD which would, do doubt, be 
rabed to Mr. Barlow's system, beoause the velocity would be too 
rapid, or rather too suddenly imparted, he was of opinion that it 
was quite grronndlaes. The raw at which a passenger was put 
in motion in a cab or omnibus considerably exceeded that oon- 
temptnieil in the case in qnestlon. Any one that had taken a 
trip on the "Mnntagne Unsse," where the deaoent was something 
like ] iu 4, muiit have experienced a Ktart something like three 
tiinen an sudden na it would be iu the caite under consideration, 
and he (Mr. Iniray) would observe, for his own part, that the 
seusntion on the "Montagne Kusse" at slatting was rather plea- 
sant than otherwise. To quote another iuniance, that of the ('y- 
doidal Railway, where the pflsseugor was inverted in his progress 
towards the terminaa, the descent at starting wai something like 
1 in i, and certainly no unpleasant shock was occastoQed at the 
start iu this apparently perilous joomey. He regretied having 
occupied the meeting with dry Hgures, hut he trusted that he had 
succeeded in coatirming the truth of Mr. Bartow's calculations, 
aiul b« had only to thnnk bis bearers for the patient attention 
with which they had listened to his observations. 

Ktr. ZenAH Coi.RiKy mmnrk«il thnt he had no doubt the 
•TStem nuw brought furward piiiuMMticd udvantAges m respect of 
the working of andergruuud railways, especially in avoiding the 
uuisanoe arising from the vapoun^ of combustion from the 
locomotive engine, and it would mivv mnuh of the gr«>at wear and 
tear of the permanent way cuuited by the locomotive it«etf; but, 
it teenied to him, when they had got so far all the advantages of 
the prnpriaed system wei-e at an end. lie did not know whether 
Mr. Barlow had proposed to adapt the railway to the system, or 
the system to existing railways. If it was propoiied to adapt this 
system to the Motropolitjtu Kailway, he would apply it to the 
cnae of the King's-cross and (lOwer-^treet section on that line. 
The distance between those two stations was 50 chains, or five- 
eighths of a mile, with a gradient of 1 iu 100, or a total rise of 
UJ feet. A train to arrive at tinwur-sLreet from King's-cross 
must, upon the proposed syatem, start with a velocity at leadt 
ef(aal to that which a body wonld acquire in falling from a height 
of 33 feet. This would be expended in overcoming gravity only, 
but they had lUso tu overcome the friction ami the resislance of 
tlie almriqphere. Instead of the sum of these resistances being 
only I.S lb. to the ton, he believed the experiments made on the 
Metropolitan Kailway showed that the reeisttnoo atthe moderate 
speed employed on that line was something like 25 ^^ P^'^ ^°- 
He would take 23^ lb. per ton as a oouvenieut figure. Thus, in 
order to get over the gravity and other resistances over that 
diatnuoe, the train must start at a relodty equal to that of 
a body falling from twice 33 feet, or 66 feet. But it would 
oot do to run into Gower-strect station by tho simple ex- 
haustion uf the momentum of the train. It should have 
a terminal velocity of at least 1.0 miles an hour to be exttn- 
I fulsheil by the brukev. In order to do that, tlie falling body 
WMnied would have to fall from an additional height of 7\ feet; 
therefoi-p the train must be started with a velocity equal to that 
of a body fidllug 73A foet in order to arrive at the intended 

IH/intou that gradient. Tbevelocity required wouUI besomething 
ike 70 fc«t per seouud, 66 feet per >>«ct>nd being equal to 4f) miles 
an hour, and '.hat would hardly be a prii|>er rnle at which to start 
in order to get over the short disutuct.* betweeo thoae twostatious. 
The question whs whether it would be safe or prudent tostariat 
that Hpenl. Would i ho c^irri.-igpH ^MUir the ^'ivai strain necessary to 
produce it i Wonld they keep the rails i Then, again, the whole 
of the power applied to the tmin vmn to be expended within a 



distance of 300 feet. A train of 40 tons weigitt was asamned, , 
but this be believed was bat about half the maximum weight oCj 
the trains iju the Metropolitan Railway, irrespective of the engine. . 
To give & train of even 40 tons a velocity of 66 feet per second, j 
starting np this incline, would require the exertion of about ^ 
6,30t),O(>0 foot-lb. of mechanical power, which had to be pot into 
the train in a distance of only 3<i0 feet, so that the constant force 
must be equal to 21,000 Ih^ or nfarly phree times the maximtun 
powerof the engines now employed on the Metropolitan Railway. 

Mr. BARixtw aaid the speaker was arguing upon entirely wrong 
pretuiMH. 

Mr. C'oLBURX tnqnired within what distance the power was to 
be applied ? — Mr. Bablow replied 242 yards. 

Mr. CoLRi'BN added, thnt brought the rate down in the 
proportaou of 726 to 300; but his argument was merely to illue- 
trate the case of 300 feet, which had been mentioned. It would 
be a most rapid acceleration of speed, even if the distance were 
twice and a half what he had supposed to be intended. The , 
power was applied vei^ suddenly, and the starting must be at a 
ratfl of 46 mil^H an hour to do the distance between the two 
stations, and he did not think either the carriages or the liue 
coold Htnod that, even if it were not productive of great incouvenj- 
ence to the passengers themselves. Besides, he had heard no 
mode Huggested by which that velocity could be obtained within 
so short a distance, nor ilid ho yet suu how the power was to be 
ooDoected with the train without causing violent shocks. On 
tbeee poiuts he should be happy to hear Mr. Barlow's explanation. 

Mr. SmioirR Triloh would feel obliged if Mr. Barlow would 
explain the manuer iu which he proposeil to connect the ro|:« 
with the train for so short a distance, and also how he proposed 
to disconnect it. 

Mr. Barlow replied that the length of the ropedepended upon 
the gradient to be worked. If the gradient were 1 in loo it 
would reonire a greater length of rope, and the steeper the 
gradient the more advantageous was this system. The mode of 
detachment from the rope was precisely that adopted on railways 
at the present time — viz., by means of a pin. 

Mr. T. Marr JoilNiWN thought Mr. Harlow had lost sight of 
the extreme inconvenience of Hxed plant It was the great 
ditllculty which attached to the atmospheric and pneumatic 
Bvstema Let them imagine the inconvenience of a br«ak-<lown of 
tlie eugine. Mr. Harlow said there were eight hours of the 
twenty-four left for repairs; but on the Metropolitan Kailway 
there were only fonr hours. In case of a break-down, Mr. 
Barlow had said there would be a pilot engine to get over the 
temporary ditliculty, but tlLisoould not work the tramc. li there 
occurred a breivk-dowu of the engine or rope, the chances were it 
would Ciiko II week to repair; aud even vinth plant in duplicate it 
might take a day. If the traffic of the Metropolitan line were 
slopped f(»r a day, 30,000 people wouUl be prevented from 
travulliug uvur it, which would ultimately have considerable 
etfect upuu the divideuds uf the shareholders. It was absolutely 
necessary, not only that the trains shonld be run with great 
fretjuency, hut that they should also run with the greatest 
certainty, or trevelleni would be deterred from using the line. 
Another consideration with respect to the adoption of this system 
to the Metropolitan line was the tact that that line was worked 
in connection wtth the <Jreat Western aud Great Northern 
railways. The trains of those linee oould not possibly be worked 
partly by locomotive and partly by rope traction. Locomotives 
must work the long traiHc, aucl might therefore as well biing the 
train on to Farriugdon -street. The truth was, moret^ver, that in 
order to get over the ditliculty of a breiik-dowii of tlic machinery, 
it would h« neosssary U> keep eight or ten locomutivcs iu sttKik. 

Mr. BuRVRTT said that the tractive force required to propel 
the trains on the Metropolitan Railway up the incline of I in 100 
between Kiog's-crosa and (luwer-street was ADCH) lb. for a train 
of 70 tons. De<tucLiug the weight of the locomotive, which might 
be assumed as one-tliiid of the whole train, the force required 
would then be two-thirds of th* 6;XK> lb. 

Mr. Ttius. Wbr&tbr, KRS., said the subjeet before thera wu 
nne of much interest, and they must all feel indebted to Mr. 
Barlow for having brought forward a proposal having for its 
object to obviate what was, no doubt, a great difficulty in the 
working of a railway like tbe Metropolittin. All engiueers, he 
believed, had come to the opinion that it was desirable, if [tossi- 
ble, that some other system of working these lines should be 
adopted. The locomnUve engine was no doubt one of the most 
perfect machines ever invented, aud the amount of work it was 
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ablv of doing was astoDiebiug; but when they considered it 

adapud, in th« 6rst instance, to the working of long lines, 

f log diioruious veights, with few stoppagea aa compared with 

metropolitan ayat«m, which invoWed a great numbei* of 

ppMgea, th« time he thought hail rtrrived when they should 

IvodaaTotir to provide some other meaos of propulsion on the 

tropolitan a^-atem, which was heiug bo rapidly extended, 

ticularty B5 in loog tunnels the fuul air from the Incomolive 

I a aeriona nuisance. At the Hsinn time ii could not be ■l(>niul 

that, aa waa stated by Mr. Johnson, the ditlicnltiea in introduciug 

either the rope, the atmospheric, or the pneumatic system on such 

a Uoe aa the Mtitropulitaii were very great; but be thought it waa 

nn answer to the projKMttiou befora th^m, to say there wore 

^diffiooltiea in the way of ita adoption. They must took at the 

vbole question, because he thought there was a strong feeling on 

I part of the public, and of tuany engiueers, that the whole 

emof working these metro[>oUtan lines must be reoouaidered. 

P there were so, although they must admire the great skill with 

which the Metropolitan Hallway waa worked, he thought a 

.proposition coming from a uiaa of Mr. Barlow's practical eiperi- 

t ooght to be receive<l with the grmteat oonsideraliou. The 

phertc prinr.tplo, judgiug from former eiperlencea of it, he 

pprehended was qnite out of the question, and the pneumatic 

Ifl^lem was aa yet almost untried. The qnostion was a most 

limportant une, and Mr, ferlow having brought it before them — 

fvoiaaaa amatenr — not aa a mere ailv-enturer, but as out' who 

had had a vast amonnt of expcrienco in the working of railways, 

be hoped it would receive, as it deserved to dn, most careful 

Attention. 

Mr. CiLas. Vioxolkr, F.R^., believed that Iheoreticnlly and 
atbemalicallv Mr. Barlow's calculatious were accurate. Ha 
^mrald say, with regard to what had fallen from Mr. tTohueon, 
" at the difltcntties attending the bi^ak-^liwn of the stationary 
hioery ware imt much to he. apprph(»ii.led, Both the atmo- 
pbericaud rope systfuis had worked for many years without any 
ailures from the breaking down of thy engine. He thought, as far 
r Aa the ordinary Tira<uic?il workiug of a line was oonoeroed, tlie 
at&bility of fixucl engines ait they were nnw niaile might bo 
entirely depended upon, particuUrly if duplicntca were supplied 
where ueceoaary; but witii theae iidmis»ious he was not pre|jared 
to say that the system of working metroftolitau lined by stationary 
rather than by U.-cumoiive powvr Imd arrived at timl ilegree "f 
ripeties that they ooutd adnpt it. The atmospheric system waa 
workcl for many years, with some tiailurea, but the truth wsa it 
did not jwy, from a variety of causes. He was not aware of the 
precise reasou why the rope on the Blackwall line was abandoned; 
bat he couJd quite andemtand that on a line perfectly open a 
oomuarison between the locomotive system and stationary engines 
would be very much io favour of the former. But, now they had 
railways undi-r gruuud, then.^ were a variety of circumstance*, 
ohemioal, sanitary, and otherwise, which altcri^d the nature of the 
' Fpry muteriftUy. He quite ayrecd with Mr. Webster that 
he time had come when they should seriously discuss the de- 
lairability of working these metrofxjlitau lines by other means than 
Itlie lucomutive now in use. He was nut preparud to say Mr. 

rloVs HV.4(em was the best. He thought that geutleman had 

Bnderrat«<I the power of resistance, thougti perhaps Mr. Colbum 
overrated it, and therefore he thought the motive power 
oaieulaled on by Mr. Bartow was too low; but iu his opinion 
sufficient had bevu said to show that the stationary Mystem waa 
vurthy of triiU. Ily apprehended It would bedlilicult to get that 
I Uta), owing to the great expense it would involve, and he did not 
think an experiment on a sniidl scale would be successful. With 
tU Mr. Barlow'a mathcmaiicid tnluut, he Ihougltt the system waa 
hardly ripe enough to be brought into practical opt-ratiou, though 
he fell Indebted to him for havitig bmuglit the mibjecl forward. 

Dr. BACiinoFFKKR remarkeil that ibe sauitary question, iu 

connection with underground railways, owing to the nuisance in 

, tonncJa arising from the va|M)ur8 of combustion from the locomo- 

fllea, was a very important one. He expreased his surprise that 

Moribg the discussion no lilluaion had been made to thedescnplion 

m locomotive, which he understood had been modified by Mr. 

I JNnrler to auch an extent, that it gave out no vapour whatever 

Idoring the pasaoge through a tunnel. In fact, it was a gigantic 

llcft-orn, with a heater iiiuide of BuOiciont capacity to keep up the 

htouu, while pasHing through a tunuel, wittmtitany products of 

P«oinbustion escaping from the furnace. Tie wrut not awam 

whether that kind of engine was generally employed on the 

Mctropuliiau Kailway. As far aa Tid gathered of the mode of 



attachment of the train, it appeareil to him that both in th« 
att-tchmeut to, and attachment from the rope, a very sudden jerk 
to the passengers must be oocssioned. 

Mr. S. Tkulok said, when be asked the question aa to theroodft 
of attaching the carriages to the ropo, he did so aaone materially 
affecting every system of rope traction where the rope was not 
continued from one terminus of the line to another. He believed 
the rope on the Blaokwall Hue waa abandoned in conHc«i(iencv of 
its connection with other lines, worked hv the locomotive, 
rendering that system inoonreniont. He fully agreed with tltfl 
opinions expressed by Mr. Webster and other apeakerti that, 
where a niilway oonatsted mainly of tunnels some othor mode of 
traction than the locomotive should, if jMiaaible, be adopted; but 
he doubted whether iu practice it woald be desirable to have n 
aeries of either weights or etalionary engines, because there would 
be a difficulty of deliichment as tii« carriages arrived at each 
station. It waa stated in the paper that with frequent stations 
on a metropnlitaii line, worked by locomotives, a journey could be 
accomplisheit quicker iu a cab with a good horse thau by the 
railway, and he should be glad to hear whether, under the present 
system proix-meil, tiie journey by railway would be expedited. 
lie apprehended tiiat unless the train waa started at a greater 
speeil by this system than by the locomotive they would be in 
the name poaition in that respectns they were now. With regard 
to th« jerk at starling, they all knew that if the driver turned 
on the steam too quickLv at first, an clfccl not pleasant to 
the passeugers was pi-oJuced. Although a system of rope 
tmcttou might be a very good one where the stations were 
closti together, and where all the carriages were attached to 
the same power, so that they oquKI not have one cnrriage over* 
taking another, they must remember that on all the metropolitan 
liues they had to provide for the arrival of locomotives from long 
(listanres on other lines; becaiiHa he did not understand that the 
rope syatem was propiM«t to h« adopted throughout Che oonnlry. 
He had much desired to call the attenUon of Mr. Barlow to 
difficulties which at present he had not showu how he couM 
cSj'enxtDie. 

Mr. K. K. Bowt.ar begge<i to remind the meeting that 
BAinniell's Pneumatic Tube had been at work regularTy for a 
long time at the Crystal Palace without interruption or accident. 
He would not give any opinion on its merits, but would merely 
state this fact for the information of the meeting. 

Mr. Chubb, having been cunnecte<l with the luanageraent of a 
metropolitan line for the last ten years, would say, it struck htm 
that the sugsestiona of Mr. Bartow amounted to a return to a 
system which he regardeil as altogether explodwl. The rope 
traction on the Biackwad Bailway was iiu utter failure. Mr. 
Bohert Stephenson stuck to his child till he could endure the 
creature no longer. It was not only ruinoua to the traffic, but 
the coqt to work that trafbo with anything like regularity waa 
enormous. It wa» nut nbamlunod, however, on account of the 
difficully of junction with other liucH, for it whs quite practicable 
to effect tiiifl by c'">veiiiig over the rope at the points of junction. 
The ro[)«, however, was ))eri>etu»tly breaking, and hones had 
to be kept ready to bring it home after the diniculty of catching 
the broken ends bad been accomplished. The introduction of 
the rope system on tliat line had caused an addition to the 
capital of the oumptuiy of not less than ^1UO,000; and, aher 
every possible material for the rope had been tried, all of which 
failed, it waa happily abandoued fur the system of locomotive 
traction. He considered the motive power ought to acoompanv 
the train, nml he believed the right thing to do was to deal wit{t 
the locomotive itself, and endeavour lo modify itsconetniction so 
as to mcoi the requircntents ttf Um new system of milw.iys that 
had been commenced, but he earnestly begged them not to return 
to the rope system. 

Mr. Bl'Rnett thought the alleged deterioration of the atmo- 
sphere In the tunnels of the Metropolitan Railway had been much 
exaggerate<l. He referred to the fact of the enormous traffic 
which w«« dnilv carried on that line, as a proof that it waa uot 
viewed with dUfiivour by ths public, and remarked that, If the 
engines which wer« run from the liues in connection with the 
Metropolitan were as free from the vapours of combustion as 
were those emplo}ied by the company, there would be no cause 
of complaint on that account. With reference to tbc alleged 
vitiated atmosphere in the tunnel stations, he would state that 
fnns were introijucod, to briun down the good air from above, 
and drive oir the Imd air from below; but afler Ihoy had lieen 
a little lime iu uperatiou the officiaJs begged they might be 
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remoTed, u it wni quottionad whether the air brought dowo was 
not worH thui that which exieted in the tuooel. 

Mr. Joseph Suitu riMiuirked thnt the fiict was lost niKhtoF, 
thai tlie jouruey from liiahop's-rond lo Farringdon-8ti*eet was 
occoupliHbediu eighteen luiuutes, which waA a verjshon time to 
pass in even a coiifined atiiumphere. He etaoald iw Bon*y to be 
left in one of the ttinnola of thuMtitropolitaii line, as he had ofteu 
been ou the Bbukwiill tine through the failure ofthe roi»e system. 

The Chairuak (tai<l it now became his duty to aak the meeting 
to aocede to a TOtv of ihanka to Mr. Barlow for the interesting 
paper with which he had favuuiied them on a subject which was 
exceedingly impoplnut, uot only to eaginoew, but to all who 
Iravulled by railwHy**, e3pecially on the metrupolitau lines. It 
appeared that Mr. iiarlow had brought before them a i^atem, 
novel La many rcapecu, though uot essentially so. Mr. Barlow 
had told them that c>ii a lino where the statiooa were very 
Ireqaentf tliey mix^'i with advantage employ a meunn of pmpul- 
flioa that waa nut available where the atatioua were more distant 
apart, and where the length of rope required would bo exceodiugly 
great, and had mniuUaued that, bv employing fixed eDginen and 
uiiiug rope for short distanoett, there would be a gnuit saving of 
engine power, and rwlaued expenditure in the general working 
of the line. He bad nlso shown that, by taking advanta^ of 
accamulatod momentum, an economy of power and au increase of 
speed could be oblBined, but he had omitted to uotice the 
iiu)>ortant coosideratiou of securing a much purer atmosphere 
within the tunnel. They must recollect that, in the construction 
of lines for which the wincliou of Patiiament had already been 
ubuiued, tunnela of greater length than anything th?y had on the 
Meirojjoliuui would occur This wouJd Itesoon the line from Vic- 
toria-street, under the Thames embankment, to Blackfriai-B, and 
also on the proposed Kaat Loiuion Hoc, of which the Thames tunnel 
was to form a portion, and these being at moch greater depth 
from the jturiaco rendered the quentiou of purity df atmosphere a 
still more important one. It was one of these eugineeriug 
problema which should meet with full and careful conaiderattoiL 
it was B.-itisfactory to find the calculations of Mr. Barlow sup- 

?)rt«d by two able mathematicians, Mr. Imrayaud Mr. Vignolea. 
hey w*ro told that a great objection to fixed as compared with 
locomotive plant wa» the liability of derangement in the machi- 
aery; but this fear was originally expressed with regard to 
steamers, and yet those wliu had taken long sea voyages must 
hare been struck with ttie undisturbed r^ul&rity with which the 
eogioes of sl«am vessels were worked, almost without cessation, 
for weeks together, which was suihcien'-, he thought, to diMipate 
&11 fears iu oonnecllon with derangement of machinery. With 
r^pml to casualties, it should uot be forgotten that it'was pro- 
fkosed to have duplicate engines, and therefore the chances of a 
serious breakdown in workitig this system were very trifliug. 
He apprehended the purpose of this discuwiun was to ascertain 
the real merits of this system, for it must he remembered that we 
had to deal with what might be termed an entirely new class of 
railways, and therefore some improvement in the present mode of 
working seemed to be requirati. He confessed he hoped this was 
only one of many discussions which they would have in this 
nwm, by which they might find a better mode*of travelling under- 
ground than any hitherto adopted. Mr. Johnson argued from 
the large number of jieraoua who travelled on the Metropolitan 
Katlway, that the system waa as good as it cuuld be; but if a 
better system were introduced, he (the chairman) coateudcd, more 
people might be induced to use the line. He concluded by 
moving a vote of thanks to Mr. Barlow for his paper, which waa 
carried unnuimously. 

Mr. Baju^w, in acknowledging thaooraplimeut, said he would 
endeavour to answer the objections that hsd been brought 
againttt thi.* systom of pro[.ulsion. With reference to the Metro- 
politan Railway, ho bad uaid very little about that line in par- 
ttCuLar. but he had said he thought locomotives were very cruelly 
traated ou lines with frequent stations, and on the Metropolitan 
line cruelty waa carriwl to the greatest extent, inasmuch as the 
locomotive was prevented from breathing whilst going through a 
toonel, in order Uiat the pasaeiigers themselves might be able to 
breathe. With regard to the tigures given by Mr.l'olburn about 
traction, he thought that (teutleman must have mixed up those 
figures with something iu which he had btteu eug]^;ed on the 
other aide of the Atlantic, a^ they had nothing iu this country 
in the way of traction that agreed with bis statements. With 
respect to what had fallen from Mr. Chubb relative to the system 
of rupa traction formerly employed ou the Blackwall line, it waa 



no argument that bocause a tbing luid failed under certain con- 
ditions, it should not aoeeeed under entirely dttfereut conditions. 
He (Mr. Barlow) had had very great experience in rope tnu;(tun, 
and be was aiMuaiuted with all the difticultiea connected with it. 
He was aware of the loss of mechanical power which wa.s occa- 
sioned by the rope; but in the case of the Blackwall Railway the 
great wonder WHS that itevor worked at all. It wasaropemor* 
than 3 miles lung; and the difficulty of working a ro[)« increased 
by more than the square of the length; so that it was no argu- 
ment to say thnt because a rope of 3 mdes failed, therefore a i-ope of 
300 yards could not succeed. With regard to the starting of the 
train, it had becu object^^d that under the rope system there 
would be nn nnpleasiiut jerk, but this was not so much the case 
as under the pruscot system, fur with locomotives the couplings 
of the trains were frequently slackened when it was standing at 
a station, and the result was, when they put on the sleam each 
carriage received a jerk at etartiu^. He had been assured by Sir 
William Armstrong, and other eminent practical men whom he 
had consulted on this subject, that under this syst«>m a train 
could be started mote gently than by a locomotive. The laie of 
speed at which it was proposed that the train should be start«d 
waa uot necessarily higher than under tlie preaent system with a 
looonioiivc on a descending gradient. Moreover, if by the rope 
system they could make the uphill start and travelling as good 
as the downhill at present, they would effect a material improve- 
ment. Besides, when it was oonsidered that uudar this plan of 
pnipulsion trains could l>u run every three minutes, they would 
not have auch heavy trains to deal with as at presents On the 
subject, of rope traction he would say, further, he believed he waa 
the fiiiit to abandon it, on the Whitstable branch, autl the ex- 
ample was followed on several otlier lines, including the Glasgow; 
but, in the latter instance, they were obliged to come back to the 
rope again; and for a distance of nearly a mile and a quarter a 
large patuenger traffic was carried on by rope traction at the 
present time, and hence it could not be contended that any prac- 
tical difficulty would arise with a rope of 300 yards. Objection 
had been made to the rope system, on the gronnd that it inter- 
fered with junctions; but the proposed mode of applying the 
rope traction for sJiort distances entirely obviated the difficulty. 



THE COMPULSORV SALE OF LAND REQUIRED FOR 
PUBLIC UNDERTAKINGS IN ENGLAND. 

( C«ntit\u<d from pojK 26.) 

SellUment by Jury. — In coses to be settled by verdict of a 
jury, the promoters must give to the owner ten days* notic« iu 
writing uf their inteutiou to cause a jury to be summoned, and 
iu this notice also make an ofier of the amount which they 
are willing to pay for the lands required, and as com |>ensatiou 
for the damage done by reason of the execution of their works. 
At the expiration of ten days, unless the owner in the meantime 
require the question to be settled by arbitration, the promoters 
issue a warrant addressed to the sheriff, requiKug htm to sum- 
man twenty-four persons qualified to act as ci^mmon jurymen in 
the superior courts, to meet at any conveuient time and place, to 
be mentioned in Lbe summons, the time being uot lew than four- 
teen or more than twenty-one days after receipt of the wainftnt, 
and the pl&oe not more than 8 miles from the binds in question, 
aulesa by consent of the parliea. The sheriff gives notice u> the 
promoters of the time auil place, and the promoters are to give 
not less tlinu ten days' notice of the same to the owner. If the 
sheriff is interested in the matter, there are pmvtsioiis for the 
warrant to be executed by the coroners, or the ex-sheritis, should 
lbs parties so desire. 

Out of the jurors summoned, twelve are drawn by the sheriff, 
oA in the superior courts. If a sufficient number of jurymen do 
not attend, and both parties do not consent to proceed with tbe 
number in atU-ndance, the sheriff may return other duly quali- 
fied persona of the bystanders or others, to make np the proper 
nnmber. All parties have their lawful challenges against any of 
the jurymen. A special jury may be sumiuonml at the instance 
of either i>arty; if the owner so desire, he must give notice lo 
the promoters before they inane their warrant No juryman c»o 
be required to attend any of these proceedings more Uian onc« a 
year. . 

The sheriff by himself, or, aa is usual, by the nnder-sherifT; » 
deputy, presides at tlie inquiry; the olaJmant is considered tlie 
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]rfaixitiB^ OAths are admtiiiat«r«U to the jury nnd witoewses, and 
the inqairy is coDducWd by counsel, mucii >□ ihe sAme way u «u 
Mtion At Uw in c)ie saperior courts. A view of the preiui»od 
by the jury may be ordered, oa thti applieatiou of cither party. 
Tbe sherid* is mibject to a penalty of tifty pounds if bo make 
dofault; and the jur^-meo to tlie same reguIatiooB and peoaltiei) 
aa if tbey bad been Bumuuncd in any of the sufwriur iMurLn, in 
addition to a penalty not exceediu;/ ti>u prmuda, to be applied 
towards the cost of the inquiry. Vi ituessea fuiiiog to appear, or 
refttBiDg to be examine^], are liable to a peualty uot eiceediuK 
ten pounds, payable to the parly a^griev^d. If the claimaut 
doe* not appear, the inquiry doea uot proceed; bni tbe cotupen- 
aallon to be (mid is ascertained by a surveyor appoiut^d by two 
Justices, as hereafter nientioned. 

Tbe verdict is to be eiven separately, whec such a case arises, 
for tbe money to be paid for the interest of the claitimut in the 
lands, iiud for the cooipeusation to be \>iud for aeveiaucc or in- 
joriously affecting other laoda belonging to him. It is common, 
however, fur the [tartiea to consent to the jurj* giving a vcnlict for 
the whole iu a lump sum; when this is iIduc, it ik usual to taku 
the aubstniilial verdict as the tioding of the jury oo oue issue, 
whUe a nominal amount is put ou tbe other, bo as teobuically to 
oompi; with the requiaitiun of tlie act. Tbe judgment and ver- 
dict are to be recorded in the office of the clerk of the pesce, 
who ia to give certified Ci^pies to all parties applying for the same. 
Tbe record i» ovidcnce io the su|xirior courts, and so soon as it is 
oompleted, an acliou for debt cau be maintained by the claimant 
aniiut tbe promoters. If tbe verdict be given for a greater sum 
tnau that which bos been olTercd by the prouioters, they are to 
bear all the coats of tbe inquiry; but if the verdict be for the 
same or a leat sum, or if the owner hav^e failed to appear after 
proper uoticr,lh(!ii ca'.'h party beiirs hisow'ii costH,and half the costii 
of summouiug aud umpauolliug tlic jury and tiikiug the inquiry. 
Tbe costs in case of difference are to be setiled, on application of 
either party, by one of the ma-tters of tbe Cuurt of Queeu's 
Bench. If the coats be not paid witliin seven days aft*^r demand 
made by the puty entitled, tbey may be recovered from tbe 
promoters by dietrcss, or may be deducted fram the compensa- 
tioD to be paid to tbe owner, as the cahc may be. 

Oa an inquiry before a jury, tbe title of the claimaut to the 
laod in qutstion must be taken for granted, aud the only point to 
be left to the jury is the value of tne laud aud the compensatioD 
for damage. One of the leading cases on this poiub is that of 
Chabot I*. Lord Morpeth. The claimaut was owuer of land re- 
quired by Her Majesty's CommisHiuueni of Wuodn, &c fur the for- 
mation of Battersea-park. The most valuable portion of the land 
was fntutage lo the river Thames, nnd outside the river wall. It 
vaa elicitAi ou the inquiry that the tide occneiionally flowed up 
to the river wail aod over the laud iu quetitiuu. The counsel for 
the commlseioDers, Sir John Jervis^ the then attorney- general, 
■tarted the proposition, that as the tide flowed over it, the land 
raoet belong either to the Crown or the City (who were then dis- 
puting an to tbe right of foreshore], aud not to the claimant; tbe 
jury so found, and awarded a sum fur the laud iuside tbe wall 
only. After various proceedings in the superior oourta the ver- 
dict was quashed, on tbe ground that the jury bad notliiog to do 
with the titlu. The case was aflorward referred to Arbili-atiun, 
and a sum awarded for the river frontage, to which it seemed 
the claimant was really entitled. It therefore appears that in 
the case of a wrongful claimant the promoters must proceed w*ith 
the inquiry as to the oompeuaation, but on their refuaiug to pay 
over Che amount determined the claimsnt would have to bring 
hia action, aud must then show his title. 

Proettdingt in the cue ^' AbttnUM and others. — Tbe compenaa- 
tioa for lauds to be taken from any party who by absence from 
tbe ktogdom is preveuted from treating, or who, after diligent 
iuqairy, cKOuot be found, or who shall not appear at the time 
appointed for tlie inquiry, after due notice thereof, is to be deter- 
uincU by the vsluatiou of & surveyor appointed by two justices 
oa Application of the promoters. Before entering on hiA duties, 
■vcfa annre-ynr is to make a declaration, in form prescribed, tliat 
he will fHiilifolly and honestly execute the duty imposed upon 
him. The nomination by tbe justices, aud the dectaratioo, are to 
be annexed to tbe valuation when made, and are to be preserved 
by the promoters, who must at all times produce the same to the 
owner and all other parties iuterested, when so requested. The 
«xpeDWe of, aud inciaeut to, such valuation ate to be borne by 
the promoters. The amount of compenaation so ascertained is 
pud iuto the Bonk of England, to tbe account of the accountant- 



general of the Court of Chancery; and tbe claimant, when he 
Appears, applies to the court for pavmeut of the same. If, how- 
ever, tbe claimant is disieitisfled witlti the amount so deposited, he 
may, before application to the court, by notice iu writing to the 
promoters, require tbe qtiestion to be submitted toarbitration; this 
arbitraliou ia conducted iu the manner before deneribod, aud the 
queatiou to be submitted to ihe arbitrators la, whether tbe sum 
deposited ia sufBcient, or whether any and what further sum 
ough t to be paid or deposited. If the arbitrators award a further 
sum, this ia to be paid or deposited, ns the case may require, 
within fourteen days after the award is made. If the arbitrators 
determine that the sum deposited was sufficient, the coats are to 
be iu the diecreliou of the arbitrators, but if a further sum is to 
be paid, all the costs are to bo paid by tbe promoters. 

.4» to Lands already taken. — Itwill be seen that tlie prooccdioga 
hitherto described relate only to cases iu which lands are pro- 
p*^ed to be acquired by the promoters, who are to take the 
initiative iu proceedings for obtaining possession. It happens 
uL-c-iHiotiaUy. however, that by some means possession is really 
obtaiucd without complying with these preliminaries, or a case 
for ccmpeusatiun ariaes during or after the actual execution of 
the wurka. 

Uuiier these circuni stances the claimant has to take the first 
step, and by section (13 of the Lands Clauses Act it is provided 
tliat, if auy party be entitled to compensation for any landa that 
shatl have been taken for or injuriously nffecied by the execution 
of the works, and for which the promoters have not made aatis- 
factiou, if tbe claim exceed tbe sum of fifty pounda, he may have 
the eame settled by arbitration or jury as be thlnka fit. Tbe 
claimant must give notioo in writing of hia desire to the pro- 
moters, and state in such uotice the nature of bis interest in tbe 
lauds, aud the amount of c(im)>enBation claimed. If within 
twenty-one days after receipt of the uotice the promoters do not 
enter Into an agreemeut lo pay the amount, the aame ia to be 
submitted li) arbitration, if the claimant has so desired. If tbe 
clumant prefers a jury, the promoters must issue their warrant 
to the sheriff within twenty-one days after receipt of the notice, 
or they will be liable to pay the full amount of claim which can 
be recovered from them by action. 

Obtaining Foeaeatnon.^-Tbt promoters cannot, except by con- 
scut of tbe owners aud occupiers, enter ou any lands required to 
be piurchaaed until they have paid to every party having any in- 
terest in such lands the compensation agreed or awarded to be 
Mid to them respectively. Iu the case of absentees and otbera, aa 
uvfore mentionetl, ur parties under disability, nr where the owner 
refuses to accept the compensation agreed or awanled, or if he re- 
fuses or neglects to convey the property to the promuter8,ar fails 
to make out hia title to the ssme, the promoters may deposit the 
amount in the bank iu the name of the acconntant-geueral, aud 
may execute a deed poU, containing a description of the lands, 
and reciting the purchn&e or takiug thereof, aud of the default 
having been made; and thereupon the interest iu reapect of which 
the deposit has been made vests abeolalely in the promoters, and 
they are eutltled to immediate possession. 

Often, however, owing to the various delays which take place in 
the negotiation or settlement of the compensation, the promoters 
are dcHiruuKuf taking possessiuu before an agreement has ooen uome 
to or an awnrd made or verdict given, and they then take advan- 
tage of the powers given to them under the well-knowu HSth sec- 
tion of tbe Act, which enables them to deposit in the bank either 
the amount claimed or such a sum as shall be detenoiued to be. 
tbe value of the lauds or of the claimant's interest therein, by a 
surveyor to be appointed by twojusticcs, as provided iu the coae 
of abaenleee above mentioned, The promoters must also give to 
the parties interested a bond in a peunl sum, equal to the sum 
deposited, with two sufliciout sureties, to be apfiroved by two 
joatioes if the parties differ, aud conditioned for tbe payment of 
all aucb compensation as may be determined to be payable to the 
parties interested, or for depoait of the same in the bank as tbe 
case may require. On the depoait being made and the bond de- 
livered or tcudered to the Don>consentmg party, the promoters 
may enter into possession. Tbe money so de[>oaited remains at 
the bank by way of security to the parties interested, and ou the 
conditions of the bond being fully performed Is repaid to the pro- 
moters on their application. 

Tbe surveyor appointed by the justices hoe no power to ex- 
amine witnesses or call fur documents, and he may not be able to 
get at the real facts of tbe case, and the amount of compenMitioo is 
eventually detemuaod iu tbe ordiavy way, without refereucc to 
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the sam whioh hu been deposited noder Uie provisions of this 
LL5i-meDtioD«d Motion. 

'WhtDBTer ponassioD is taken by the proiuoten williout cou- 
UDt of ih« owner, interest at tb« tnie of five fwr oeot. per annum 
from the day of entry ia pAjable tty tlie pnimoten on the eum 
eventually detwmined to bo due. » 

If the promotera or their contractors wilfully enter and take 
pusaeiuiuu vrilhout ooiiseut, or witlioul pityiuK ^'^ depositing the 
oouipensation in mauner provided, they are liable to forfeit to the 
party in poflseasiou the sum of ten pounds over and above the 
amount of damage done by such entry, the penalty and damage 
to be recovered before two justices, and if after conviction they 
continue in unlawful possessiou they are liable to forfeit tweuty- 
Gre pounds for every day they so reiuaiu in posM^aaion, reco> 
verable by action in any of the soperiur oourts. The promoters 
are not liable, however, to these |ieualtieH if they have bonfi fide 
paid the compensation to or made a deposit in respect of any 
person whom they may have reasonably believed to be entitled 
thereto, although it should turn out that such person has really 
-uo l^ial interest in the matter. Any per»on having an iutereai 
who has not been dealt wlih as provided bv the Act in his case, 
may obtaiit an iujuuction from the Court ol Chancery to restrain 
the promoters from eutenug or proceeding with their works on 
his land until they have placed Ihemaelves in a position lawfully 
to do su. This latter in the reme<ly more frvtiuenily reaurtcii to 
by owners, as the promutera are with reaaon much more fright- 
ened at the pi^babie expenses of a chancery suit than they are at 
the penalty fur iheir wrongdoing which is to be inflicted by the 
josticea 

AH moneys directed to l>e paid into the bauk to the account of 
the Court of Ciiaucery remain to the betietit of the parties en- 
titled, and are paid to them or rcloTL'Stcd for the tike trusts or 
uses as the lauds in respect of which the money was deposited, 
or as the court may direct on applicatioi) of the parlies. All ooats 
of paying in and payment out of court, nt* rtrinvcstment, and all 
reasouabU cliarges incident t]iereto, are to b« borne by the 
promoters. 

Tnteratried Imtu1». — If any lauds not in a town or built upon 
are intersected by the works, so an to leave on one or both sides a 
quantity less than half an acre, the owner may require the pro- 
moters Co purchaM the siuue with the land to t>e tjikeo, unless he 
has other land adjoining into which it cau he thrown so as to be 
eonveuiently occupied, and if so, the promotem at the request of 
the owner must at their own expense remove the fences, level ^e 
sites, and soil the same in a sumcient; and workmanlike manner. 
Id the like case, on the other hand, if the owner require the pro- 
moters to give him a bridge or other communication to the small 
pieoo so cut off, and the expense of mnliLiig suob a oommuuicatiou 
AS he would be entitled to be greater timn the v.dao of tlie land 
cpt off, the promoterh may require the owner to sell the same lu 
them; and any dispute as to the vnluu of the latid or the ex[>ensc 
of making the communication is to be settled as provided for iu 
cases of disputed compensation. 

Copj^oidi. — With regard to the purchase of oopybold lnnd% 
the promoters muat iirttt get the cooveyanco to them entered ou 
the rolls of the manor of which they are bolden. This the 
fitpward is to do on payment of his proper fees. Within three 
lUDDths after this enruluieut, or within one month afYer the pro- 
moters have entered on the hist of any parcels which they re- 
uuiiv hnldon under one manor, whichever shall first happen, 
llifv must apply to tim lonl of the miiuor to onfrauchtse the 
whole of the laudi taken, and pay to him snch compensation as 
may be agreed or setUe<l, as in cases of disputed conipen.'uition. 
On finyment or deposit, aa the ease may be, of the com|teti(iution, 
the lord Is to eufrauchiae, and in delaulL the promoters may exe- 
cute a deed poll, with the same rights us in other ouea of refusal. 
Theapporiionmont of customary rents, &c.ia to be agreed between 
the owner of the lands and the lord of the manor on the ono 
part, and the promoters ou tlie other> or iu case of dispute to be 
Bottled by two justincs. 

Common Landt. — The compensation to be paid in respect of 
the ownership of the soil of any land subject to nghte of oommou 
is settled with and paid In tlie lord of the manor, ur other |tarty 
entitled, who is to convey the land to the promoters. The com- 
pensation to be paid for the common or other rights, and also for 
the soil, where it belongs to the commoners themselves, is to be 
aotlled with a committee of the parties entitled to such rights. 
The promoters conveno a meeting of Ihe commoners, to be held at 
some convenient place in the ueigbbuurhood of the laods^ for the 



purpose of appointing sncli committee. The meeting is to be 
called by advertisement tuaerted once at least in two consecutive 
weeks in some newspaper circiilnting in thw county and neigh- 
bourhood of the lands, the last of nuch in.<iertions being not mora i 
than fourteen or less than seven days prior to such meeting,.] 
NoUr« of the meeting must alau lie affixed to the door of tin 4 
parish church where such meeting is held, not less than seven ' 
days previous to the holding, and if the lands are parcel or faoldeo 
of a manor, the like notice must be given to the lord of the 
manor. 

The meettDff appoint a committee not exceeding fire of the 
oommoneni. The decision of the majority of the meeting binda 
the minority and all absent parties. The promoters settle, as iB [ 
other cases, the amount of compensation for the extinction of ' 
all commonable or other rights, and all matters relating thereto, 
with this committee, whose receipt, or that of any three of them, 
for the oom|tftns&tion is an cfiiectual discharge for the same. 

If, after being duly convened, no meeting takes place, or if % 
committee is not appointed, the compensation is to be determined 
by B surveyor appointed by the juiitices, as provided for absen- 
tees. Upon payment or tander of the compensation to the com- 
mittee, or any three of them, or deposit iu the bauk, the pro- 
moters execute a deed poll as before described, and thereupon the 
lands vest in the promoters, freed and discharged from all the 
oommooHble nud other rights in resi>ect of which the compeusa- 
tion lias been made. P. 

{To be continued.) 



THE CONSTRUCTION, TRACTION, RISTARDATION, 

SAFETY, AND POLICE OF RAILWAY TRAINS.* 

By W, Briuues Auaus. 

WAQOOtfsand carriages are kept short on railways in order 
that they may roll round curves. Viewing a train of waggons j 
from a bridge, every waggon will be seen to oacillate from stdai 
to side on the rails, following the course of curves and IrreguLari"] 
ties. Every waggon is drawn by a loose coupling- chaiu, some'l 
IH inches in length, and the oscillation is so violent, that tbonghj 
goods and coals suffer it, and suffer from it, it would be uuen^l 
durable by passengers, so the carriages of pnssenger trains amj 
cloee-coapled togeiner to keep tliem steady. But iu this prooeai4 
Uie wheels, as constructed, are debarred from following their owo 
ooursee, and are compelled to slide. The result is a great near 
of flanges and axje-bntsses, and a large consumption of « 
ooke. Were a train of goods waggons as close coupled as tb»l 
passenger trains it wonlu be simply imixiSHihlctomovc them Tba'' 
lirst thing an engine-drivordttes, when abouttoatsrlagouds train, 
is to back the whole of tho waggons one on to anotiier, and then 
utai-t them one at a timo lu sueces«on, by snalch after suateii at 
each chain, which is therefore required to bo of enormous 
strength, iu prupurtion to the resistance of the vehicle to traetioo 
by reason of baid structure. 

The necessity for close-con pling the passenger trains ariaesJ 
solely fi-om want of the efficient structure to induce free move-^ 
ment, to make each carriage tmctaNe itistead of resisting — docile, 
and nut wilful. The tirdi thing is to aiuiiu gr«at length to pre- 
vent pitching movement, just as la the oiso with vesaels on 
water, but with long vehicles, radial movement of the iixles 
must be attained, as described in a former pajier. Radial moTe- 
ment may be obtaiiied by radial axle-boxes to the end wheels 
very otfectually with one pair or two pairs of central wheeU to 
serve as fulcra on the rails, or with framea of iron fixed to the 
nxle-boxofl and guided by the traction rod ami bulfer. Tha, 
tritctiou rod in such cases will servo in the same mode as a oarJ 
ritge-pole ou the highway. And swivelling buffer-springs will, 
by cnupling-cliaius attacheil to the iron frames, keep the wlicets 
in the right position while backing the train on curvea Or if 
two pairs of wheeln, coupled together at each end of the frame, be 
arranged with a quadrant or n pivot over one axle and a radial 
curved bar over the other axle of each pair, they will be self- 
guided on the rails, and a carriage 3U feet lung may thus roll 
round a curve of fiO feet radius, and the steadier will it run, and 
the less will be the likelihood of getting off the rails, and more- 
over the less vill be the proportionate dead weight of the vehi- 
cle to the available load it carries, if it be rightly constructed, 

* PspcrR«d before tkeSoclct]- of Sjta. 
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ke AmerioAOB and other people lue l<>ng carrUgw with swivel- 
Bng trucks vapported on a oeutre pio. vrhlcb aUo have eight 
whcflA, nittl thu» rwliate the axles imperfectly, though, if the 
tracks have not length eoonf>h, saj S feet more than the width 
Af lh« nnge betweeu each pair of axles, they will not run oteadj, 
hut will tintff their wheels. If the radial flyetttro bo applied, it 
would b« (julie ptwaible to tnskc carriages 40 feet long, with eight 
wheels, U> roll niuud a curve of GO to 80 feet radius. A rouch 
niodeJ of a vehicle of thia deAcriptinQ is oa the table, aud the 
^iding apparatus of the wheels is oot intciided for a bogy carry- 
10^ the load, as in the American rarriagett, but airaply a radial 
)p»de, the load nf the opper frarues bcioK borne by the spriogB 
(•a the axle-boxes, with ucility fur elastic sliding, or swioging on 
■png vertical shackles. 

K>tae time back a series of medical papTs appeared in the 
*Tjuict*t,' ou the subject of the injury experienced by a certaio 
class nf patioiits from railway travetliug. The fact was strongly 
denied by railway aathorilies, and by many persons in goo«l 
health who were not authorities. Not long baclc a railway engi- 
neer who had been very doubtful of the injury, informed tno 
writer that he had changed his opinion, for, being out of health, 
aat) deuriug to travel buckwanls and forwards to Brighton, he 
foaad he could oot do it, on accoaut of the injury caused by the 
vibration. 

(t luny be reraembered that, when the Brighton line wnii Srst 
opuaed, numbers of L'ttysluck-bnjk^re.uiil merchanUtunk houms 
at Brighton, and yearly tickets to travel up aud down daily: in 
abort, 1^ live ac Brighton, and transact their busindss daUy in 
London. The writer hait been infirnii>d that many ceased the 
daily practice at the end of the mouth, and at the end of six 
months it was found that hanlly any couM stand it and preserve 
their health, ynw, what is the reason of iliial The carriages 
were as ontnfnrtablR «nd easy, and as well ventilated as an oroi- 
nary ■iitingnt'.m, when not in motinn, and the only diSeronce 
therefore criuld be, that the sitting-niotn is stationary, and the 
carriage moves. Bnt what is the kind of movement i There 
most be aometjiing peculiar in it, for physicians to order tlieir 
l:erFODS patients to travi^l by mad, and not bv rail. There are 
two nirchanicil differences. The rowd carrmge has wheels 
|iro[)er, with indepeudent movement and elastic wooden spolces, 
aud elastic springs, and the wheels roll over a roogh bnt not 
constantly hard surface. Biding in an omnibus along Che«p?*ide, 
the rider tiuds the stone pavement h'lrd .and irregular, and the 
iroB pavement ranch harder, though regular; and the iron fjave- 
ineut is the most nnpleasant of tlio two. The rail carringe has 
a kind of iron gnnlen rollers for wheels, aud they run on a small 
but hard iron surface. If the carriage be travelling at & mile an 
boar, as when »t,irtiiig from a station, the movement is scarcely 
perceptible, but vrheu at 3(1 to 40 miles an hour, the vibration 
necomei unpleasant to mn»l, painful to many. In slow move- 
ment, the wheels can adjust lliAmselveM tu thn rails, or roll or 
slide easily. In rapid movement they have no time to adjust 
theniselvfH, bnt slide as well as roll with incessant jerking. On 
very sharp curves the movement is soraetimes all sliding. Jt is 
this sliding which constitutes the difference. We may iUiistrate 
it as fatloTTs. Kverybody knows that the sound of a violin is 
induced by nibbing the hoisehair string of a bow over the 
vtriogs of u violin, Iwth being in tension. But the simple horse- 
hair will not produce the effects. To produce soond, the player 
apptiea powdi-red rcaiu t<> the liorsehair, t<i induce friction; and it 
u the leaping of the particles over the strings that induces the vibra- 
tion resulting in "^weet noise." Sometimes, they who love loud 
laughter better than *weet noise, will, as a practical joke, apply 
a tallow candle surreptitiously to the horsehair bow, jnstea<t of 
reain, and then the vibnitton causing the "sweet noi^" is stilled. 
Now the wheels on a rait are a contact **{ practicdlv rough sur- 
(aoea, which vibrate and induce torsion of the axle, and thus 
vibml' sud jump, and the result is, not '* sweet Doige,** but very 
uonleasahi noiBe snd jarriug, which, if long enough coutinaed, 
make a nervous i«wfnger ill, and tend more or leas to counter- 
aet the peristaltic motion of the intestinal canal. If tlie rails and 
tire* were rubl>cd with the L-ilIow cniidle before alluded to, the 
vlbnlion would oease. at least till sand enough had accumulated 
to couotenicl the effect nf the tjdlow. But the engine-driver 
wnold not approve of this iilan, »s it would lessen the pr)wer of 
haulage. How, then, is thts vibration to Ite lessened 7 Firstly, 
bj leauaing the hanlne«5 of the rail, and rendering it elasti'c 
Seenodly, by rendering the wheels elastic. Tliirdly, by permit- 
tiiig wbeela or tires, or both, to revolve independeuOy vt ench 



other. Fourthly, by radiating the axles so that neither on carves 
nor straight tines will the wheel flanges be ground against the 
rails. Fillhly, by effioieolly springing the carriages, using a 
donble series of springs, as well knoa'n io iirivate carriages. 
Sixthly, interposing a non-vtbrating material, anch aa intua- 
rnblwr, between tlie carriage body and frame. Seventhly, by to 
coni^trncling the bodies that pasiiengen may stand or ait at 
pleasure. The blood cannot circulate frvely when in a sitting 
)>o«ilion. Sedentary oriiplnyment is a common source of pandysts. 

The next question is that of brakes io ab.<K>ibiug momentum 
by friction. When a large mass of material is pui in motion, it 
requires at first a much greater amount of power to start it into 
motion than it does to keep up thai motion when 8|>eed is at- 
tained. The power required to get up the speed is called momen- 
tum, and if it be required to atop the niomcnium, it must be 
absorbed by friction or gravity. If the stopping-places of rail- 
ways were always on asoeota, there would be no neod for brakes; 
gravity would supply the place of friction. And if the starling- 
places were always on da«centa, little surplus power would bo 
needeil tc produce roomoniuni, as gravitation would furnish it. 
Rut nionipiitnm h.is to he absorbed under many vnrytn;; circaoi- 
stanar» — sudden ol>stacles to be averted or itt<>ppt>d short of-— 
stoppage at stations — aud the descent of long inclines; also the 
ascent of long inclines, in case of couplings breaking, or wheels 
alipping. 

In the early times of tramways, the Convoy (etmvo*) or brake 
carriage was used with the train. In the early times of railways, 
brakes were appliM to first-claas carriages, each worked by n 
guard, because the first-claas were the heavieHC: But people who 
paid 6rBl-clsss fares demurred to this, aud sliding brakes were 
adopted, working ou the whe«ls and axles without attachment to 
the body, and thus jar was lessened, but noibe was increatted, and 
so the brakes were transferred to second-class, and then the ohj 
convoy — the bmke van — wa-t revived, one at the head of the 
train next the tender, ain) tlic other at the tail, and, when the 
train was heavy, one in the middle. But it was to u very small 
portion of the total weight of the train that the brake power was 
applieil, snd ihii guards screwed down ihe blocks tight, and so 
skidded the wheels and ground places on the tires; and to apply 
hnikes rightly, every wheel in the train should have a bnke- 
block applied lightly to it, from the engine to the last carriage. 
The engine should have brakes pressing on both rails and wheels, 
applied by the driver, through the agency of steam friction, by 
simply tnrning a steam-cock, the pressure being divided between 
the mils anil wheels in any convenient proportion. Brakes on 
every vehicle in the train and on all the wheels would reduce the 
pressure requiretl on each to a minimum. The nyHtcm of " con- 
tin uooa brakes," aa they are called, is applied to as many vehicles 
as the power usetl can reach. But the power used is commonly 
liand-|M>wer, and that is limited. 

A new mode has lately been adopted on the North I-xiudon 
line, of milking the momentum destroy itself On this line of 
sliort mileage and msny Mtaiions, with frequent trains, it would 
nut be possible to work the iralhc without the means of rapid 
stoppage, i^., the utmost rapidity short of concussion, For this 
purpose, a chain of sufficient strength to draw the whole train is 
extended beneath and throughout the train. When this chain 
is drawn straight, Uie blocku are all on to every wheel, and when 
the chain sinks into a succession of curves or l^hta, by a weight 
beneath each carriage, the bnJces are all off. "^ draw the chaiu 
straight, a |wir of heavy cast-iron disc wheels, with a barrel or 
drum ou their axle, are then suspended in slings below the lost 
carriage. The guard, by means of a screw, brin'gs these sxt- 
peodea wheels into close contact with ibe running wheels of the 
carriage, and the friction causta the disc wheels to revolve by the 
inumeutum, and to wind up the continuous chain on tJie barrel 
till it is drawn straight, acd the brakea are all on, when the disc 
wheels begin to slip, and the momentum of the train is Hb»orl>ed 
by the brakes, in this mode, a train of fifty veliiclca may bo 
stoppcj in ait xhort a space as a single vehicle, the right amount 
of friction b«ing applied to each. This arningemeDt, however, 
requires either that the chain be carried through the whole train, 
aud accurately connected with the proper lengths of chaiu to 
each carriage, tlie whole train being pulled close together; ur that 
the briike-v.'in at one end, and the euj^ine at the other, serve as 
tixud |x>iuls to lift the counicrbalnnce weights aud draw the chain 
to a strnight line. Thrre is no doubt of this acting well on traios 
tltltxl for the purjtose, but the writer has nut yet seen it applied 
to mixed and irregularly made up traiua. 

Iff 
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With r«fiAnI to the RppIicMtion of brake-blocks, there ia an 
aJvuntageoiiB and il diiuidpaotageouB method. If applied to th« 
fronts of tlie wheels, that is, iu the direction of the pnlliiii; 
engine, they do not chatter on the whoeln, vhother fft«t or loosely 
nppliei), but vbcn hrrtnght into contAct with the backs of the 
wheelit they do chatt«r, till the prenure beounieii very strong, 
art atroog iii'leed ns to wkid the wheel. The longer the lilock, i>., 
the looger the a-irfice of tire il embraoea, tlie le&a ia the chatter. 
iiui it would be Inr better to arrange the blocks between adjoin* 
ing wheels, so as to press both rail and wheels, and iu this mode 
there would be no coatter. 

But though the continuous hi-akea before described act su well 
on coutiiiuou.4 traitii) of vehicles, the action depends wholly on 
the continuity of the rhaiii, as welt as quick movement to ajiply 
them. If the chsii> separates, the brake action ceases at onoe, 
and thUonaateepgra>ileQt mightbedisadv&utageons. It ia there- 
fore demrable to have the liraken ftclf-acting, if poatiblo, without 
dMwnding on the human hand, and operating on every vehicle 
inae[)eodeutIy of the others — operating instautaneoitaly whi>n 
requiroi). The writer was led to study this question, owing to 
the naeeuity of enabling the brakes to follow tlie wheels of 
ndial oarringes on curved courses. 

To put this in practice, brake-blocks are suspended from cro8»- 
shafls attached to frames resting on the axle-boxes of the wheels. 
To these blocks long weighted levers are fixed, which cause the 
blocks to press agains*. the wheels, with either a st«el-yard 
action, or what is called an olbow-joirit, four blocks being used, 
one to each wheel, with two lovers or rods to cross-bars. Thus 
the normal condition of the blocks is, to be pressing on the 



wheels with a power sufficient for the purpose. The lever ends 
are attached to the brakes-rod by a chain passing between two 
pullies on the corriage-tVame, and as in the process of tnctiuo 
tlie tod moves Icngthlong in the carriage to either end, the chain 
lifts the levers veriically, the traction fiirco of each vehicle being 
auHicient for this purpose, nod this process oiwratcs on ever 
vehicle so 6tled, even though onlinnry vehicles be intersperse 
in the train; and in ascending an inclint', if a traction -cuupliug 
parts or brakes, these self-acting brakes will insLoutly press on 
the wheels liefcre back movement of the wheels can commence;^ 
and in going down-hill the brakes will be tilled while the eugiufl 
is pulling, but wilt be in action directly the engine is slowvd,^ 
and they may thus go on pressing and lifiiug, and so moderating 
the speed down an Incline. It may be objected that the power'^ 
of the brakes might thus be in excess, and so be a disadvantage, 
but to equalise ihis every vehicle is to be prtjvided with a hand- 
lever, which will enable the drivnr to put temporaiily out of 
action as many brakes aa he may choose, leaving in action the^ 
number required for bis purpose. The model of the carringe oiH 
the ta,ble is on a length of rail which roav he placed on the level,* 
or at angles of one in 1, in 20, 60, fiO, 40," 30, 20, and 10. It will 
be fuund that brakes so applied will retain the vehicle on an in- 
cline of I in 15, and by snatcliiug the brakes rapidly off and on, 
alartiog and stopping may be rapidly performed. In practice, 
the ends of the levers way have sliding balance weights applied, 
so as to increase or diminish the pressure by the length of the 
leverage. It moat be borne in mind, that the tractive force re- 
quirad to draw the waggon while running must govern th«l 
weight reqnired to be lifted at the brake levers, and in 
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where much weight is needed, the mechanism for lifting mast be 
arranged sccordJugly. When the wliolc of the wheels are pro* 
Tided with brake-blocks, a com)>aratively slight pressure on each 
tire u-ill KiifHce. The longer the vehicle, tlie longer may the 
brake-lever be, and the roorti cflcolive will Uie vehicles be, both 
for goods andpaasengers. Coal waggons are made short, for the 
convenience of getting close to the pit's month; but the model 
on the Uble, representing a waggon 30 feet iu length, will roll 
round curves of OO feet radius, and by its great steadinees will 
carry the coal — a very friable substance — with far leas breakage. 
And a long waggon may be made considerably lighter in propor- 
Uonate dead weight than two short ones, thus rulding to the 
available load. Iu these days of competition in coal transit, this 
is a very important conaideration. The self-adjusting brakes 
described will work equally well, whether the engines be on 
straight linc4 or sharp curves, as the levers arc arranged to act 
equally welt in either case. And as it is needful occasionally to 
back the train, for which purpose the brakes must be out of 
actioD, this may be accomplished by connecting the traction-rod 
to the buffer-rods or buffers by spring agency, so that the thrust 
of the engine mAV lift the chains and brake-levers in succession, 
and put Uie whole oot of action, or they may be lifted by hand- 



levers, as at present practised. This class of brakes is espe- 
cially adapted to steep gradients. There is nothing new in the 
principle now proposed. It is the safety principle in the cages of 
mining-shafts, ana on some railways with rope traction. 

The last question we have to de.il with is what wc may call 
the police of railway trait))i. This is a question of structure. 
Trains are subject to ratch fire on the roof; passengers may b^g 
taken suddenly ill; murdei-s may bn taking place, or other rio*J 
lencc; but the sound of the train deadens all other sounds, and 
neither driver nor miard knows of it And so there is on outcry 
for oommunication between passenger and guard, and gtiard aad 
driver. And there are propositions for galleries outside thai 
carriages, for guards to walk along and catch murderera in thfl 
act. It Roetua to be forgotten that this facility for the guard 
would also be a facility for the thief or murderer. The practical 
bility of these things is not considered. It is common to talk oQ 
the " 6-foot " between the two Hces of rails as givine ample space 
for the guard's cymuaatlcs, forgetting tlmt UiH"R-foot" is re- 
duced to -2 feet oy the overhanging carri.igea, and that two 
guards ou opposite lines would thus come into collision, and, in 
American phrase, be " rubbed out." 

If the guard is to patrol the train, there is but ooe way of 
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«k)lng it — through the inaide— « pftBsn|;re-WKy through the whole 
leoglb of the train. Third-chua would probably oot object to 
Ibis, us they are dlaposod t* be jfre^arioua, and would not object 
to a gaaniur fK>licemao)idditioiuil;bnt second-clase loiglit object, 
and tirwt-cluss asfluredly would, OD the score that they had paid 
their tiiouey for apace and privacy. If it were put to the vote 
there is Uule doubt that the vote would lie for privncy and a 
L-certain nmouut of risk, rather than gregarioDincsa without risk. 
. must bavL'Vroeu ;i matter nf obaervntion to those witoewiing the 
rliog of trains, how tirat-claas paasengera walk along till they 
ad an empty compartmeDt, and, failing in tliis, make for one 
' with the fewest occupants. And sec<ind<clafi9 will do the same. 

Wero th* lines sioglo there would be no difficulty, aa the 

, OUTtages niicht be widened nt least to the full extent of the tun- 

ela, but witli double linea t>ie " S foot" is the limit, and Bome- 

Stimea the "6 foot" is only 5 feet, and even less. With the 

6 feet it would be practicable to have carriiiges 2 feet wider, pro- 

ridei) only that the passengers would confient to have a wire 

Banl to tlio windows, limiting the protrusion of their hands, like 

be grating to the windows of a S|>aiiiflh ItotiAe. With a carriage 

llO feet wide, it would be quite practicable to have a dosed 

tpMaage in the centre, 2 feet wide, and compnrtiuents for 

ilbar pereoDS each, thus getting rid of the objeclioDable centre 

I Beats. The external doors would be retaiue<l, and there 

•woald be sliding doors inside opeoiug into tlie central paaaage, 

[•ommunicating with end platforms. The Bccond-class and third 

^ would dispense with the closed passage. Sliding docra, glazed, 

would prevent the entrance of wind or rain through the central 

kvejiaes. In this mode it would not be merely on trie guard that 

(he pawengers would rely for protection, but also on the facility 

ofintArcouimunlcBiion with each other in catie of necessity. Bat 

if the brakcfl were all left to the dri%'er, as they should be, the 

fraatd would have ample leisure to attend to the police of his 

ktrain, instead of having his time taken up with the meehaniam. 

f Great Western carriages in the first-class nre di\idod length 

long by a partition, with the diaadvaiitage that the comportment 

uexttbe platform on the near fllde has to starve as an ante-room 

L to the other. If the carriages were 2 fi^ct wider this dilliculty 

^Blight be avoided by a oentnil passage. No doubt this might be 

■11 very much simplifie<l by making the whole train a series of 

Bpeo nuoons, as iu America, but public taste musit decide this; 

lAnd even in America they are uow beginuiug the system of 

fprivate cnm)>artmentd. With the eiception of occasional altera- 

tioni at platiurms, it would be quite a pmcticable thing to widen 

the whole of the existing carriage bodies, by dividing them in the 

coDtre loDgitudinally, and inserting the extra width, as ship>i are 

[ OOCMionatly dealt with to lengthen them. And there would he 

I Ane considerable ail^-nntnge^ that by widening the train the length 

* might be short^-ucd, or n larger number might be carried. It 

L bay be objected that a small number — four persons — in one oora- 

, partmeut might involve risk iu plotted crime; but it would be 

quite ptscticable to make one side of tbo vehicle closed, and the 

Other open compartments. 

As » matter of safety iu case of collision, tlie larger carriages 

ue preferable, as they do not mount on each others* backs. As 

reganls the expenditure of momentum by sudden stoppage, 

which throws naasen^rs violently in each others' faces, the safe 

remedy would be nttmg sideways instead of fore-and-aft; they 

would be shoulder to shoulder, and iu the safest position; but 

, vna in this cue it is possible that they would prefer the ordinary 

■ position with risk, to siila-Nitting without risk, nt least till they 

( bad a practical verification by Irontal damage to their persons. 

[The subject is so large that the writer has only dealt with it 

immmuily, but* useful purpose wilt have been auswered should 

I the paper have giveu new materials for thinking. 

In conclusion it will be well to help the memory of the reader 

by a summary of the various propfwitiona contained in the two 

r upens liaWng refereoce to the amendmeut of oorresponding 

1. Spring tires, for the purpose of preventing blows and fric- 
tion, and lessening the chances of tlie wheels escaping from the 
rails, a system thoroughly verified in practice, as quadrupling the 
( dontbility; illuHtraUfd by a woodcut, (See ant« pages 2-8. i 

&. Systems of elastic permanent railway, nupportin^ the rails 
by coutinttoDS elasUo bearing, prevejiLing disintegration of the 
nuls, as verified iu practioe; illustrated in timber and metal, by 
woodcuts. 

S. Improved system of fish-joints, duplicating the strength, 
wilh Blastio ftt of ribi and bolt«; illustrated by a woodcut. 



4. Radial axle-boxes, to enable locomotives of great length to 
pass round any aharp curve without frietion on their flanges— 
In practice; illustrated by a woodcut. 

0. Eight-wheel tank engine^ for sharp curves of !)0 feet radiua, 
long verified in practice; elevation and plan illustrated by 
woodcut. 

ft. Right-wheel tank engines, for carves of 9d feet radins, all 
eight wheels drivers, both on straight linea ard curves, by uie.nii« 
of super-iinproveil friction- wheels, nil capable of retanlation by 
riteani brakea, making the whole weif^ht of the engine available 
fur traction or retardation; illustrate<l by woodcut. 

7. System of V flanges to spring tires working into V groove* 
of rails, to obtain increased bite for ascending steep inehues, or 
when Stirling with heavy trains; illustrated by a woodcut. 

8. System of long waggons and carriages on eight wheels, 
r&dial axles, anil guided r>y quadrants, with sliding springs, or 
long swinging shackles, to roll truly i-ouud curves of from 4ti to 
80 feet radius, and provided with self-acting brakes, to prevent 
accidents on steep inclines — economically and ensity canying 
large load*. 

9. Mode of constrvicting passenger nirria^M to give free 
internal circulation to guard, etif^ne-ilriver, and jtasacugerB, with- 
out interfering with the privacy of first-class posaengers; illus- 
trated by woodcut in plan. 

These principles and plans are applicable to all gaages, from 
7 feet to w ft. 6 In. light lines. 



LECTURES ON ARCHITECTURE AT Tilfi ROYAL 
ACADEMY. 

By SlDHKT SXIRKE. 

On a former occasion, in this place, T dwelt on the pAramount im- 
portance to an architect oi the study of the general composition of 
nis designs; and I expressed the opinion that, however admirably 
executed the details may he, however gracefully tho subordinate 
and smaller parts of a design may be treated, if the general out- 
lines of the buildingnre unsatisfactory, tb will suruly fail topleaae 
the edueated eye. I told you of instauces of the irapitrssive effect 
produced by the flimsiest and rudest constructions — works, 
perhaps, composed of mere scaffold-poles nnd tarpaulins, owing 
to a jndtoions and artful arraiigcmeut of lights and shadows, anti 
to the general proportions of the various masses. We might 
look around as and not be at a loss to find instances where a 
supt^rebundanco of swaggs and scrolls, and other like objects of 
minute decoration, display an excessive attention to details, to 
the total neglect of the far more important consideration of the 
general eompotUion of the dettgn. I will not deny that I am the 
more disposed to repeat this warning, because the very least 
observant of us mnst perceive that this inordinate aod too 
exclusive elaboration of tU-Uiila ts one of the vicious tendencies of 
the present day. We are prone to ran into the error of supposiDg 
that> be the outltnee of our masses ever so tame, ever so (leficieut 
iu symmetry, we shall yet not fail toaecureatlrniratjou if the sur- 
face of our work be covered with intricate enrichment, so as to 
captivate the eye with a sumptuous display of elegant friezes aDd 
delicate embroidery. 

Such were the warnings which I deemed it my duty to address 
to you on a former occa.'^iou; but, iu doing so, let me not be so 
misunderstood as to be suppose<l to have encouraced carele^suess 
or inattentinu to those minor objects of ornamental design, which, 
while we depreciate thv habit of attaching too much importance 
to such suiH-rHcial <letjiilji, arc, u evert lip less, the source of real 
beauty anil ptcaMui-e when used wilh uio<lunittou and judgment. 
It appears to me, indeed, of so great importance that these lesser 
mattera of art shuuld not be disregarden, that I par[X)fle tu devote 
this evening wholly to the consideration of them. 

I believe that tho best teachers of the sister arts, whether their 
teachinn be written, or couveyed by the still more impressive 
mode of example, and by their own actual practice, — we shall 
find, whilst they have of course paid tlieir first aud deepest 
attention to general compoHition, and to the great elemeutii of 
beauty of style, yet have never permitted themselves to forego ft 
due attention to the execution of details. 

It is always with very great ditrideuoe that I venture to .tliude 
to the sister arts, but I ft'el sure that I am justified in saying that 
the greatest mastem of painting, such aa Michelangelo and 
Correggio, whose genius was especially conspiouous iu their 
grandeur of otmceptiun and greatness of' manner, never slighted 
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tkrir BinftllML ilelAita, never laid tfaemsflvesopen to the oomraeDU 
of criticiim on thia score, hy ahnwiDg noy want of thought or 
care in thcoo minor niattera, wbicli mnre aluvenly or lesa aum- 
petent paioiArs niigbt faoo^ to be bcneutti tlieir atteDtion. 

KaHkellc, ia an espacinl iiumner, illnstrates thia tnitb. 
Keninrkable aa tie vrna for all the lofliest qualitiea of artiatio 
geiiina, be never tailed to pny delicate atteotioD to his ac- 
ceaMoriea, nod to the careful painting of at] h\a detaiti. Il waa 
the remark of on^ of oar fonuer presideuta, Sir T. I^wrence, 
when entbuaiasticallv recording his admiratioo of Sir Joshua 
LCeynoMa, thiit ilulicai-y of finisli nml cxrpfiil imtlatioD aa ttiticli 
iliKiiiiUuiiihed his workHaa thut iiohle lireadth and lai^nean of 
Btyle which placed him at the sumtuii of hi« art in this country. 
And a^in, wh«n advprlina to Mielielangolo, he said that, "whilnl 
the ceiling of theSiittiue ('liai>el wiiit wonderfnl for ita iiopqualled 
ttreJuUh and for loftieut conctptiou, and tniKht be re^i-dird ua the 
iiobleat work ever yet projected, yet even the miuiaturea of Julio 
f ;iuvio were not more highly fioiahed than some of the studies of 
the groat maaters." 

Again, with great deference to my better informed colleagiiea 
who cnltirate the art of aealpturtt I would venture to wy tliure 
nUo the best ecalptora have ever shown a scrupuloua regard to 
the Hubonliuale portionn of their work. It Iiaa of^«i) been 
deplored by the warmest admirers of that truly great genius, 
Flaxman, that he should have dimmed the lustre of hla works by 
a L4Ht fi^quent di^regaid of tioish. 

If wtj look back to the brilliant em of ancient sculplurp, few 
thing* present Ihomselvea more calculated to excite our aurprise 
and admiration than the surpnaain^ excellence of their dot&ila. 
The horses in Fhtdeaa's friexee are not only wooderful for 
the spirit aud truth of their deoign, butwefliialt 6ud on t>xamina- 
ttofi that the sculptor has with loviug and lavish band tlirowu 
art into the mioutest detaila — the reprveenlation of the veins, and 
the delicat« ezecutiou of the manes and tails. Akhongh the 
work waa destined to be placmi upwards of (50 ft- or 70 fi. from 
the eye, yet these axtraonlinary men loved their work too well to 
adiuit of their leaving uiitinislied or uucunttidered theiw wniall 
matturii, although they must have h««ii well aware that uo eye 
ooiild ap|irvciHit> tliem when raiaed to the pobition aaaigned to 
Uieni iu the main work. 

I have dwell longi>n the evidcureanf the vnlu6 attached by the 
highest authorities to a careful attention to detail iu thu cognate 
branches of art; but certainly to un branch uf art doea the 
observation apply more fi>rcibly ihau to that \hhioh engages onr 
attention thia evening. The works of the architeot are usually 
on a far larger scale, and therefore subordinate parts may not 
unfrequently derive even audue importance from their size and 
unavoidable conspicuouKness. In our art the high quality of 
grandeur is more defwudent on aelna] magnitnde than is the ohsb 
in the sister arta The aichrtect may even beablelo win applauHe 
by the fmoible effect obtained from the mere bulk and extent. 
Vet still our art haa tliis in common with the sister arts, that 
whatever praise a building may obtain by reason of itameriloriouB 
proportions, or of the jirnuideur of ita general etfecl, those tuerits 
are e«o greatly iocrensed, and the pleasure derivwl by tlie critical 
eye i* »o materially, enhanced by the diicovery of thuae smaller 
Iwttotii-s «)f deHiyii that are revyjiled only by a close aud critical 
Rxaminaiiou of the sutwrdiuate parts, Uiat we can never »*»uture 
to be intlitferent to the value of such details. 

Now, it would be enj<y to show you that such has been the 
opinion of moat men of great anistic genius at all perio«ls. The 
same niceties that I have been adverting to as forming one of the 
great charms of Greek sculjjture, are equally observable in the 
ek»/tt-d'ceuvrtfji of Cireek nrchttecture thai have survive*! for ntir 
study and ioatructiou. Perhaps it would bo difficult to cit« a 
more remarkable instjiuce than the entasis of the shaft of a Greek 
column. It was found that, owiug to some optical illusion, the 
•haft of a pillar of which the aidex aro parallel apuearH tn hv 
larger at loij than at bottom, and such appears to dc the case 
in the remarkable Egyptian uxnmpte at Beiii Hassan, which baa 
ofien been referred tu as the pi-oiotype of the I^oric onler. To 
remedy this defect, the Dorio architects dimini^bed their shafts 
upwanls of ubuui ^ih of their bottom diameter. But then, owing 
to some other opiicul illusion, it was found that where the sides 
a( the aroh wero ditninished in straight lines from tjie Uilioiu 
to the Inp, tho^(» Hides nppenKyl to he slightly concave; this ^ava 
ri*' r II I- jjtion of what is called by Vitruvius tlie eutoaia, 

xp'jdicut this disagiYcable dsoeptio vinu was at onc« 
Cbia has always been known, but it has quit« nweutly 



bemi foand tliat even thia expedient waa not auffleient fully to 
BKtisfy the excessive re6oeiiient of the Greek eye, and that tha 
boundary line of the Doric shaft, in the beat examplcf*, waa made 
not merely a convex line, but a part of a true hyperbolic curve, 
tt hyperbola, no doubt, of an extremely small axis minor, but, 
nevertheless, a hyperbola drawn with exact mathematical accu- 
racy. Many of you ai-o probably well aware that, although thia 
fact had been previously surmised by others, the ascertainment 
of the truth with precision baa been the result of the very carefol 
obeervatious and measurcmenta of Mr. Penrose, made under tb« 
anspiceit nftliu Dilettante Society. Hcru ia an instance of the 
extreme delicacy and fnsticlionsness of Greek taste, and an eri. 
dence of the value attached by the Greeks to wbat probably ap- 
penni to moat of us to be a very trifling matter. We may, bow- 
ever, learn to set a higher value on a rigurous attention to anch 
trifles, when we contemplate the mischievous reHulta of a neglect 
of them. The later imitators of the Chu»ic style saw this entaaia, 
but, being utterly uni^te to feel as the Greeks felt, they presumed 
that all they had to do was to swell the shaft, and so iheyswelle' 
it, but to such a prepoalerous extent that, as Evelyn quaintly ofa 
serves, their columns appear to be sick of a tympany. 

A similar evidence of nioety of taste is presented to tis in the 
mathematical ^irecisiun with which the Greek echinus ia curved.'- 
The artiala of that wonderful period were not content with aa| 
ordinary and simple curve, which might have satisfied a le 
sensitive taate, commencing the contour with a straight line and 
gradually giving the upper part of it a curvilinear form resembling 
that of the natural echinus. But the careful meaaarementa of 
Mr. Penrose prove the curvature of the Atheniao ecfainaa to be 
strictly aud exactly hyperbolic, as the Greek scaiptcr felt that his 
cuire nho«ld he. 

Now I would call your attention to another instance of tb* 
really wonderful delicacy of the Greek eye. Moat students who 
have looked over the pogea of the earlieat expouuder of the laws 
of Brohit«ctare — Vitruvius, will have been sadly perplexed hy 
the lustnicUons given to ua by him, touching the '*Sottmii" 
imparei"' iu a Greek order. Mueh as the question has beeal 
vexed, I do not know that any expounder of the text ever satii 
factorily explaineil or aau*rtaiQed the exact meaning of tho«_ 
wordn by the aid of the plumb and level, until Mr. Pani-ose did 
BO, when engaged on the minutely L-ritical cxaruinntiou of Athe- 
nian remnius, mnde by direction of the Dilettante Society. That 
most careful obaerror haa ahown us that the course of masonry 
fonuiug the base lino on which the columus uf a Doric fxirtico 
were placed, waa studiously laid with its upper surface very^ 
slightly bnt appreciably COD \-ex; and though Vitruvina, on laying/ 
down this rule, does not give us the reason for it, yet there onaJ 
be no diiubt whatever tiial, like the other miuut« observances of 
the Greek masons to which 1 have adverted, the "ScamiUi 
imparea," which were the result of this very peculiar mode of 
coudtruction, wero intended to correct nn optical ittusion similar 
to that which the entasis of the column shaft was intended to 
correct; — thus furnishing another illustralioa of the extreme. 
laatidiousuciH uf these accomplished art-workmen. It ia in like I 
manner shown by the measurements of Mr. Penrose that the 
sotiite of the entablature ia executed with a very fnint concnvitv. 
We cau well uuderstamt the motive for this. Kvery one will 
have observed that, through some visual deception, any large sur- 
face of flat ceiling ap^fears depressed t^iwardsthe centre: — eooh 
an etfect on the eye was sure not ii>y have esc^ijied the observation 
of Greek builders, who adnpteil this natural mode of correction. 

I am temptod to add 006 other illuatratioo. On a forme 
occasion 1 pointed out to you a alight, but very delicate inatAuoe ' 
of that fastidiousDcss to which i have bren adverting, in the 
fnint concavity which was wont to be given sametinien to the 
facctltm of a Doric triglyph. The motive fur tirw concavity may i 
be reiuiily nurmtaed to be a wish to render the drawing of those'* 
triglyphs distinctly perceptible, without resorting to too deep or 
ah.Hrpiudeutalioiif, which luiglit hy tlieir shadows have interwred 
with the etfect of sculptuj-ed metopes, and detracted in some degree ' 
from their breadth and effect, that quality which is one uf thfti 
distinctive diarms of all Greek art. 

PorhafM there is no lesson which those arttsta iocnlcate by 
their example more emphatically than that mituifest love nf their 
art f<ir ita owu sake which couslantly led thorn to take what 
ordinary minds might have considered supcrflnnus trrubla The 
same unsparing prodigality of Labour whicii they showed in giviuff ^ 
to the UDsecu back of their pediment^ statues as high a tiulah 
as the front, aud the same scrupulmia atleution to truth in the 
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Miatanucml ninatiee of their bas-reliefs, however remote from Ibe 

rym, to which I h&ve already Adverted; — ibe Bnme feeling 

. cxteodMl eren to the suboniiDaie iieii»ilr» nf their mMOury, — to 

ftbe jTArgorlfs ill the crowning cymn nf their cnrnioei, and to the 

>^ iiQte6iB OQ tlie eaves of thrir nfofn, — interesting ioatoncee of which 

m poMeiB io the Briti>ih Museum. 

We will nuw pass over Uie Iloman period, which was but 

the dim iiuuset of Art; and, Imrrving pa-it the ntill dark ahailoM 

th&t foUowetl that period, we will seek illustration in the best 

Ipcriod of Mediaeval art. VTe Bball there Hud, that if the more 

lrefin«d»ethetic niceties may be wautiug, ihere jet existed, without 

I doabt, a high appreciatiou of the v&Iae of & careful atleotion to 

The mooHings of the thirteeolii century arc of themitelvee 
rafficientfvidf^nce of the strong artistic feeling that pervaded onr 
art at that period. While a forcible effect was studionitly Mought 
by deep uhilercuttingA, Nnd by a brilliaat eharpnesa of execution, 
the best MoiliievAl ai-iists never lost alffht of the value of that 
breadth which had been, as I have said, the peculiar merit of 
Greek mouldings. Their mouldings were massed t*igelher in 
iVTDDps kept forcibly distinct by deep, undercut liullowa, jiru- 
' (Incing powerful liut-M i>f hIihiIow 

The custom prevalent in the thirteenth century, of banding the 
shafla of c«)Inmn% is aunther evitlence nf nicety of taste. Tlie 
practice w.os qnile originni, .-uid wnsnilniirably nuapleil to obviate 
what might otherwise h.ive been a meagre effect of tbe somewhat 
eioeMive ilenderncss of those column sEafta. 

Another instance of delicate perception, veir worthy of 

I observation, is presented to na in the execution of their spires. 

^ Althouffh the Greuk eaLnais of ailnmus was wholly unknown in 

<he Gotllic school, a feeling exactly similar taught them to ^Ive 

an entasis to the spire: so delicate as to be scarcely perceptible, 

and yet, 1 Ivlieve. never wanting in the best examples. 

Timo will not )»eraiit mc to pursue tbi^ subject much farther; 

vbal the sketch would be iiu^rdouably imperfect wore I to omit 

' Allunion to the really wonderful attention paid by the able maotera 

of the Kuiiaiasance )>erio<I to the whoK- siibiect of architectural 

detail. I do not luoau that iu the practice of those musters there 

was any excessive resort to ornauieutal deLiil. On the contrary, 

the best artists of tbe quatro-cuuto school usually aimed at 

producing good efTecla by very simple means, althougli 

undoubtedly they sUowed themselvea to be complete mnaters of 

• ornament when they thought proper to resort to It. The 

tarehitectare of Tj. B. Albert!, of G. Romano, of Raffaelle, and 

lolhen of that early and pure school, is marketl by oouaummate 

■ •cute of beauty of proportion, and of general outliues; but no 

'sDast«ra knew better, — I believe [should aay none but the Greeks 

knew so well, — how to enhance that beauty and to enrich 

those ontlioes, by details of highest pnrity and simplest 

h character. 

I may perhaps be permitted to extend my observations on the 
eptibility of good txste in tbe minor objects of design, by 
^nferriog to Ibe subject of tictile vases. 

Wb(<n WB regard those anciettt works in the early purity and 

joathfnl freshness of the Greek style, the beauty that pervades 

kthotie insignifiennt objecu of the potter's art appears to me truly 

^■orpriRiug. ft wnuhl be <]itBcult to illustrate the power of art 

snore forcibly, than by cond-nsting the exquisite outlines of that 

very early Greek earthenware, with the pota and pans of this vulgar 

PMdem world. Theru Is, perhaps, no greater manual dextenlv, 

l)o more m'^hanicnl skill, shown in ono than in the other; there 

may, indeed, be less exaclneHS nf execution in the old than in tbe 

new wnrka; but the one has those peculiar qualities which the 

^•dnoated eye at once rccognl»ea as the elements of bennty. whilst 

'he other lays claim to no attention, nnd has no K$lhetic merit. 

JertaUilr it is a pheuomennn that would be very surprising, were 

Dot the ^ct ao familiar tn us, that during the two thousand four 

[tkondred, or two thonsand five hundred years that have (lassed 

■IDCe the best of those fictile wnrks were |roduoed — a |)eriod 

rhioh onipTfhends the wholt bistoiy of human civilutatiim from 

Ithe rteriud of prluiieval simplicity ttowo to the vulKariiies of the 

nineteenth oentniy — there has been an unceasing straggle to alter, 

Ivary, and impmve; after indulgence in ovary species nf novelty, 

►xofBR, and caprice, w« havR never suooeedsd so nearly in prrt- 

iueing fonitH ht*aut.ifid in shape and ooloar as when we have 

opieti the old Greek trpe. Beautiful things of this luiture have 

R fbond to Oriental art: beautiful in MeiUseval art: boanllfui, 

[■la the age uf the KeuaJesiiuce; but analyse those srveml 



boanties, and yon will find that those please ns most in propor- 
tion as they approach the nearest to that wonderful type. 

This la not encouraging to modem invi>ntion; It is not gratify- 
ing to modern vanity; but it is true, and therefore liemnuds our 
observation. At at) events, it should teach oa modesty, and 
Btimulate us to respect and to study tlio«te examples which oar 
eaTliest teachers have set before na. Whatever nmy be the 
cause, I think the fact ia undeniable that, thongb the arts and 
sciences are nsunlly regarded as kindred pursuits, and are sup- 
posed to be intimately nssociated, they are in truth widely dif- 
ferent in their history and destiny. Science has been progressive; 
step by step men have advaocetl in the knowledge of the exact 
scienoea as time has advanced. The step of to-day helps ua on to 
the acquirement of a further step to-morrow; and the horizon is 
thus ever widening as we advance, t^uite otherwise eeeras tbe 
di>8tiny of art. The small objecta of art to which I have been 
adverting illustrate this anomalous fact, and so jierhaiis niay be 
said of almnat every other object of denifm, io tbo sister arts as 
wellaa in nn:hitecttire. Has RafliiellB yet been surpassed i Have 
the works of Phideaa yet been rivalled I 

But I must retnrn to the humbler theme of my lecture of to- 
night. It is not of statues that I have to speak, but rather nf 
the pedestals they stand upon; and, indeed, of these pedestals I 
have mnch to say. I should be pronouncing a very unmertted 
coodcninatioii of sculpture were I to say that statues and their 

f>e<lestals have in modern times shared tbe same fate. One might 
lave expected that the same taste and talent which an artist 
exercises iu the production of a line statue would distinguish 
equally thn bHan it stands upon. (!au we admit that such haa 
been the easel Have wo, during the last two hundred yenrs, 
made great progress in the art of deai^iing pedentain? Has tbe 
work at Charing-crons been thrown into tbe sharJB by any subse- 
quent work of like nature T Have wo gone on, step by step, im- 
proving on our anuestor;^, in form, or in proportion, or in graceful 
decoration 1 But I am not about to enter critically into the 
masonic efforts of niwiern pedestal builders. It will be a more 
agreeable, as well as a more profitable, taxk Ut invite your atten- 
tion to the pedestals of other times and of other couutriea. Few 
exist of Classic times; very few of them indeed are standing 
where they were originally placed. After bnrbnrian violence hMB 
thrown dnwn a Hoe at\tii«, and after time or accidout has buned 
it, its own meritA or vnlne may cause it to be disinterred. Not 
so, however, the masonry on which it stood, and thna we are left 
in general ignorance as to the exact character and proportions of 
Classie pedestals. We have, fortunately, in tbe British Museum 
a few examples of tbe highest quality of Greek art, and although 
the overcrowded state of our galleries theie forbid the public 
exhibition of them, they are well worthy t^f your carefnl study. 
They are, it is true, of but small size and uf very simple design. 
Indeed, it does not appear to have been the practice of the sculp- 
tors of that refined period to place their groups npon pedestala 
of any pretentions proportions, It would appear as if tkey de- 
sired these pedestals to attract nulicc as tittlu aa possible, so M 
not to divert attentiou from the nobler work which was pUosd 
npon them. They had usually, perhaps always, a moulded cap- 
ping and a plinth, but the»e mouMings iim ke|it the vfiry reverse 
of forcible in their effect. Kven the inscriptions on these pedes- 
tals are tenderly treatetl: the letters are small, regular, and uni- 
form in size, and in form always extremely slender, and alwaya 
of very moderate intt^io; presenting a aingular contrast with 
ih" pompous lelttfring of later days. 

Were it not likely ti lead me astray from my proper subject, 
I might suggest that, analogous to this deterioration in tbe treat- 
ment of their inscriptions, is the style of th*'ir composition. In 
the best times of art these incispil ntctirdfl ar* condensed in style, 
and severe and simple in their mode of expression. It is only in 
later and degenerate times that we find the letterinj; bold in size 
and violent io depth, the line-icaprioiously varied in their length, 
nnd the senteticfw "exhausting the pomp of woe" in inflated 
and gmiKliloquent words. 

1 would rcqaeat your attention to the beautiful roonnment of 
Coleone, one of the great Venetian (.'oudottieri, of the date of 
liU'i. The statue by Verocbio it is not my bnflineea to advert to; 
bat tbe pedestal I reganl as one of the most ornate, as well as 
one of tbe most elegantly- proportioned, pedestals that I can call 
to mind: it is a noble example of tbe quatro-oento styh-. a stylo 
of wtiich you have so ofien heard me eapross my qualified ad-- 
miration. 
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THE CATCHMENT BASINS OF RIVERS. 

WhxM Braiiiah about tliirt;>five yeara figo inveuled thu water- 
cloMt, he little dra&mt of the f(T«ut fcauitary aud Agricultaml 
revoLutioD he was inuugamtiug. We all kuow upoD what trivial 
eventa uooieotoua obaiigM aoiuctimo« (Jepend; but poMibly in 
the wbolo faifllory of our material proj^reiM no such eianiple of 
thi» Irite sayiug can be foood tliau ii^ ntfoninl b; the iiitroductiuu 
of ibi« itiieful apptiaoctf. Befot-e itd iutruduclioii the huu»c ilruint 
were iii uo maoDer oouDected with the public sewcrft; the sewug« 
flowed into oeoepooU which tiddle<l our baseiuoDU and perpetiiiilly 
IpTs forth deaalr gaan, which fiilml our bouaeii, and killed oa 
with feran, while the main scwera outj took olf the eurlace 
drainage. They were simply the conductors of the watershed of 
towna, and any attempt to turn Uie h>'ii»e draius toLo thern was 
reaiateil by the Commisaiouers of Sewera. The i-aiufall through 
them fuund tla way to the river, aud the svwage to the laud, 
which was remoreu at stated limes by a service of DigbtmeUf aa 
it ia al preaeot iu Paris aud other large OoDtiueutal cities, after 
doioj; all the mischief it could to Uie household, and after losing 
M much aa pt>saible of ita owu virtue for the purtHM^es of the soil. 
When the hydraulic applianoe of Braraah oamealuwly into opera- 
tion, the oesapools could uo luuger hold the largely diluted sew- 
age, and the evil became so great that the custom arose of flushiDg 
the house drains into the main aewera. Tiru waa clearly cou- 
trmry to law, but it was winked at by the auihoritiea ; it waa a 
great public necessity, in fiict, which put all old un-aogements 
aside, aud slowly the whole sewage of the metropolis wu coa- 
duoted into the Tbauies. Those ivlio remember the river thirty 
years ago oan remember a comparatively pure stream, up which 
aalmon nsed to woi-k to their apewuing giuuQds. Shortly, how- 
f vert its colour began to change from year to year, aud at laAt it 
became so foul that, in 1S69, wliite piifier tbrowo into the stream 
was tmuie>liately blotted out by the diriy water, aud the com- 
mittee nKJiits of tlie Houaes of Parliament became unbearable iu 
couacqueuce of the stench it gave forth. 

Chief Joiiiice Hale laid it ilowu a>t law, that "every man wnn 
to keep hiA own dirt at home;" we did thi^, and probably ahuuld 
hdve gone on doing so nntil thiii day, had it not been for Brumah ; 
he frashed it up before our very pyee and uoees iu the rivur, and, 
wore disgiiKtiog 4lill, lie made u.-t drink of it; and forthwith we 
commenced mighty worku to taku it down to the oceau. Hut 
other towns higher up the valley of the Thames having acquired 
powers under the newly-constituted local Boards of Health, took 
example by the Metro{Hilis, and transferred their cees pools into 
the stream, and tbu4 cmiimeiicii'd ikgHiu the puisuuous procees wo 
have taken ao mucli tr<.)tible to abolisli. Every day sewage is 
flowing down into our drinkib;^ water from the 800,000 persons 
looateJ in the valley of t)ie Thames above London. The gros4 
absurdity of thus going to the expense of millions to get rid of 
our owu sewage, that we may have the pleatture of drinking that 
of the ttfty-three towns and vilU^cd uf the upper Tbames, must 
have atntok everyone. It is quite certain that the noaxim — 
"everyone for himttelf" — must in ita narrower interpretation give 
way to some scheme for duuliug with ihe fiilficidticH thrown upon 
us by the independent action uf local buarda haviug juriBilicliou 
over restricted areas only. Tlie Tliames valley, containing per- 
tiB|)s the moet in)}K>rtanl elemeuis of the problem to be solved, 
has attracted the greatest. &uiuuiit of attentinii. 

Dr Acklaud, of Oxfonl, has fur some time advocated the 
oeoesflity of appointing aome authority to contnji the catchment 
baatns of rivers, and iu conjuuctiun with otiier gentlemen pre- 
sented a memorial to Sir (ieorge Urey, two years since, with 
rcapectto theparticularcatchmcut basin oftlieTbamea. The evi- 
dence he gives in the report before us of the condition of the river 
near Oxford is certaiuly disgusting. He ataleii that in one place 
the deposita of sewage liave diminished tlie depth of the river by 
6 feet, a "disengagement of gas Ukea place at the liottom of the 
water, and large masaea of black sewage which have been de- 
poaitc^l are thrown up to the surface," matses of hnuian orvlnrc 
totally unchnaged are seen fluatiug down the river for several 
miles. Evory year the other lar^^e towns on the Tlmnie«i — Abing- 
don. Wnlliogford, Reading, Windsor, Eton, W.\lton-on Thames, 
Richmond, Brentford, &c., are obtaining powers to drain into the 
Thames. I'^ch town thinks only of getting rid of its own refuse, 
t|ulle tf>;ptrdleM of the uuiaauce it ia creaiiiig for the other towns 
Itwpr down the stream. It is quite clear that uo genuine system 
uf fluvi,\| purihcation can be airried out as long aa mere local 
interests are allowed to he consulted. 



Mr. Rawlinaon, the principal inspector Iu tlie Local Govero- 
meot Act OtTice, who has inupecleil the rivers of l^ncaahirv aud 
]>arls of York«li ire, nays [39iW): — "Tb»yare fouled almoet frvio 
aonroe to entuary." The rivers lrw«ll, Medlock, Irk, and the 
Bridgwater Cauid, are more oSTeusive fiom ««wage thiui the 
Thames. The Medlock at Maucbeaiter ia covered with a blao 
scum so thick, that birds are able to wulk over it. The river 
aud streams in lAUcushire and Yovkahire are fearfully abua 
There aie liver betts iu those Cuuuties lliat are raised lUor IC feel? 
by sewage, aahes, and other refuse. " There ure,'' saya Mr. Raw- 
liosou, "bridges under which a dog can scarcely creep, and I 
have had evidence from inhabitants tlint they have driven 
luaded carta nnder these same bridgea.*' In the neigh bonrhood 
of Birmingham the streams have Wen silted up many feet iu 
the same nianaer. The want of some central anthurity tu deal 
with the watemheda of diatricta ia illuAlralvd by the case uC 
Salfuiil. The inhabitants uf this town wuthed tu carry thetii~ 
siiwage by tiinueL 3 or i miles frum Munchestcr, at an expeoae o{ 
£SO,\iw, but were prevented from doing so by tliu refusal of 
other towus to co-oi>enUe. " Of what uso is it," they uy, '* u* 
expend large sums, when Manchester and idl the ^ther towua 
above will continue to foul the river T The river ai Birmiiig- 
bam contains iu dry weather as much sewage as water. Bir- 
mingluuu once boasted of being one of the healthiest towns in 
England, but ttiis diaiinetion it has long lost, m iia mortidity m 
now much higher than that of the metrupolia, and it alwajr 
suSers from a type of fever. Tho liver Aire, which 
thmagh Leeds and Bradford, is as foul aa the Medlock. Pa 
gers crossing Uie cxUal iu trains are obliged to shut the wiuJowii 
iu consequence of foul air (4110). The ('lydu at Glasgow ia worti^ 
even thau the Thames. We might, perhapa, expect to 6nd 61tb 
in the rivers of manufacturing towns, but it is observable that 
places filmed of old for hygienic advantages are now being poi- 
soned by the practice of throwing the sewitge into tlie river. 
The case of Balh is particularly stroug, The liver Avon, near, 
that city, is nearly a stagnant alrcam, and is quite poiaoue 
from this cause, aod ao great is the deposit of sewMge in it, that 
the navigHtion is impodM. It iu not quite »o bad at Eriatol, aa m 
portiMU uf the sewage of the town is diverted into the tidal] 
river, but the floating-harbour which runs through tbe old to« 
is quite pestiferous. The perverae arrangements which obtain iB 
many of our watering places are very obiwrvablc. In manj 
caees the outlet of the drains is into the sea. TIlc sewage o£^ 
Exmouth passes, by an open drain, along the foreshore as far aa 
low-water mark, which in within TO yards' distance of the pub- 
lic bnthing-phioe. At Brightoo tho ladles are (tubjected to a 
simitar arrangement. At Sotithsea, again, the mouths of the 
9cwage-pi{}es open close to the pier, aud to the bathiug-macbince. 
The county surveyor for Somersetshire, who has i>aid much at- 
tention to the drainage of towns, give>t a most deplurable account., 
of the Condition of some of the western towns. Iu the rising 
watering-place of Weston -super' Mare all the Bowngc runs iuti>| 
ouc of the rbynes or open ditches which drain the nmrshUiHtj 
of the district. The water iu it is so foul that the cattle will do~ 
flriuk it. The river Tune is poisoned by the acwagu of Taunton. 
Tlie river Frome ia many places ia in a disgusting condition with 
respect to the water and the deposit alung its bauka. Indeed, 
the evidence in this respect gives moat abundant proof that our 
rivers are everywhera being silted up by du|>o»iita of cindorfc BtHi| 
sewage, aud that nobody interferes, the reason in many 
being, according to the evidence of Mr. Tom Taylor, the 
taiy of the I-iocal Qovernment Board (3697), that the persoui 
who create the uuiaauce are themselves members of the loc ' 
boards whoso duty it is to conserve them. That it is a uuiaauce afe 
commou law to discharge sewage into a river has been decided, but ^ 
where it isou1yapublicuuisauc« there isuonnetoput the law intu 
operation. When, however, direct injury is done to the property - 
of any individual, local boards can be resLraineil from polluting 
streams by in^ouction. Indeed, several Boarda of Health have 
been stopped m thlamauner. At Uxbndge.for iustance. Colonel 
Tower obtained an iujuuctton agaiimt the board fur poisoniuu 
his fi^h io the river Coin with the sewage; at Hitchin tlie lo 
board was restrained in a similur manner, aud so terrified wer 
the membera at the penalties threattrned by the taw, that tbey 
reaigned, and there is uow no board in the town. At Croydon 
the ooard have suffered six or seven injunctiona, and have bean 
so embarraased with their sewage that tJicy have ahsolntely beea< 
forced to do what they should liave done in the first instance, 
ioui which hoa toade them the vxample to every other town ia 



Fsb. 1. IMll 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



03 



EngUnd — they have tarned U on to the land at a profit When 
we reracailMr that «Tcry fHnu*:<r U compelled by hts leaw to cnn- 
nnt ttpou his liujd all the mnnure prtxlacea upon it, it dues 
•MOI «xlr»<irdiuary Umt a ruverse rule Hhoiild ubtaiu whuu 
hunun brings lue outiceriitMl. And wu ttiiuk wo are justly upea 
to the rapPJAch cast upua lu by Leiliig, who acoiue« ua of wil- 
fully outing furth into Uie ocean tliuee fet-tilisLOK elemeiiU w« 
have drawn uol unly fruui our uwu liehlo, but (rum lliuae nf 
Europe aud tbe wbolu world. 

But Cruydou, we aay, ha* solved the difficalty Braniah has 
ftlowty brungbt about by the introduction of the water oloaet. 
Uia tBvention emptied the CMi^pouIe into the rivur*, aud fur a 
tina robbed tfie landf for uf old their contents were returned to 
it in a very diaguating and coaily ntanuer. Uia invention now 
aoablea the MWng« to carry itself on U> the hind. At Croydon, 
baiag atopped by in jocctiou from throwing tb« aewaga into the 
Waudle, the local bitard leased 240 acraa of land nt £i an acre, 
tunii'd their eswa^fu upon it, uud rulat it fur £o an acre. Thun 
Uiey luake a clear prolit of £240 a year, and enomiouH crops are 
gnl od the land, whicli aervea an a patlei'n oanl, an it were, to the 
surrounding f^irineru of the value of aewaue. Moreover, there 
appears to b« good reaaou to believe, that at leaat another 
hnodrad aaraa may i>eproliUibly employed, connLderiug the heavy 
i1nwiiii»i plaoed on the ImiU by the preeent tenant. This would 

Ttald J^W » year, which would go in diuiinuiioii of the mtea. 
t ia tmc that Croydou is favourably situated for the diatrtbutioa 
oi tta aewage, as it atiUids uu a height, and it cun therefore be 
dinribated by tueana of simple gravit;itioui but there are 
hundreds uf towns in Kugland just as favourably placed; and with 
Uiia example before thtir eyes, of turning this heretofore con- 
aidared pnhlie nnifianoo into a source of proSi;, it is really dia- 

?!«aafat that they fiboutd any longer pollute uur rivera with it 
he importance of the principle of phiciiig eutire watersheds 
under th« cunlrol uf some oeutml board i^ tuoet clearly set furth 
in tb« evidence publialied in the volume before ua, but there 
appciire to be a very general agreement of opinion that the 
fiuictionn of boardfl appotnted for such catchment badtnti should 
be merely to aupervtaethe aoiiou of the local bc^ards withio their 
district, aud to enforce ol*edienoe to the law, leaving the uecesttary 
works tu be carried out by the local boards alone, iu ahurt, that 
fear of oenlndiaation which is ever before the eyea of Efiglishmeo, 
and which haa led io evils almost as great iu some case^ lu tbnse 
it wishes lo avoid, ia cUsarly evinced by all Lhuao who have given 
•videace upon this very impurtiuit subject. The cuiumittee iu 
their report have embodied their opinions upon it in the folluw- 
panurapb: — 

**W'e recommend that the importaiit object of cumpletely free- 
lag the entire basins of rivers from poKution should be rendered 
poauble by general le^slntive euaolnient, euabling the inhabi- 
taabs of each entire districts to adopt some controUiug pnwer for 
Utat purpoee; but it ehouKl include a pruvisiutt for compelling 
IacsJ boards to render the sewage uf their districts innucuous by 
applIcatioQ to the land for agricultural purposed. The ease of 
CM valley of the Thames (where the purification of the rirer has 
bean sought by the expendicure of enormous sums, is, to a con- 
•Idftrable extent counteructtul by the iucreaseil discharge of 
sewage from towns higher up the stream) requii'cs special aud 
iumediateatMntion."— 7Ae Timet. 



PBOPELLING TRAINS ON LINES WITH FREQUENT 

STATJONS. 

Tax following remarks npon Mr. Peter W. Barlow's paper on 

^IPrDpelling Ti-aina on Lines nith Frequcut Stations" (see page 

mB\ baa been addressed by Mr. W. Bridges Adauia, C.E., to the 

'Itor of the 'Journal of the Suciety uf Arts': — 

"If I understand Mr. Borlow'a meaning rightly — and I am by 

means sure that I do— for, like the old Scottish lady, I fetd 

ia a sort o* preaomption to ouueratau the meeniater," bis new 

poaitiou of wurkiiig nulwuys is by a sort of kick, or sucoesaiou 

kicks, to the tnun, not directly, as in th*^ uUu of Mr. Pilbruw 

(■hown in the Exhibitiou of lt^02), but iDdirccily through the 

MRicy of a rope, to he acted on by a stenra-eugiue driving a pair 

« wheels to haul on the rope ; or by Sir W. Armstrong water 

column ; or by some uihcr ueaus. But the essence of it is to put 

iractioe the principle of the tennis or cricket ball — a 'Uddeu 

instead uf n gradual movenioot. Mlicu we play at bowls, 

ig the muscular force of the arm aa u propeller, the bowl is a 



^. 



into , 



rigid block of wood, nnd takes no harm, because there is a gradual 
force applied. So also when we strike a billiard ball with a cue. 
But with the cricket hat ur rackut we uite an elastic ball. With 
Mr. Biirluw'ti huge bat, weighing forty tons, we most give a very 
puwerful elastic recipient to the ti-aiut to elude the shock and 
preveut the breakage of the rope. We must also attain great 
skill iu striking tlie blow, to be sure we drive the traiu-bell fiu* 
enough. Bui even then there seems a ditficulty. Mr. Barlow's 
objection to the loconiotire is that it is gradual in attaining 
speed; but we can carry that spee<l on for any length of time 
wheu altaineil. On Mr. Barlow's system we are suppo«e<l bi 
start with a given velocity, but thai velocity goes on gradunlly 
decreasing, aud unless there be a succesnioo of batters, there 
would be tlie risk of Atoppiug midway bvfore arriviag at a station. 
And for this Mr. Barlow a remedy is a supplumeutary locomotive, 
and of course rails for it to run on, and sidings to get out of the 
way. Kxpertunce in Uic use of i'0{>ce for traction ratbur points 
to tliQ uw* uf aluw mutiuu tu avoid breakage ; but aa Mr. Barlow 
aims at iucreoHed speed he will have to provide such an amount 
of e':uilic acU>in Lu grailuiite the furce as will seriously detract 
from his incipient speed. All that Mr. Barlow can gain is the 
saving of tlie dead weight of the locomotive; but, so far as we 
can discern, this will be more thun counterbalanced by other 
di»advant;igee It is truu that there may be more in tlie scheme 
than we have yet perceived, but as Mr. Barlow has not shown 
us a specitic mechnuical plan, and the whule is a question of 
mechanical structure, ana his explanations liave not been re- 
uiarkable for lucid clearuese to oommou underataudings, we must 
wait iu patience for further tuformatiou. Mr. Chubb is quite 
right in uayitig that "the motive power should accompany the 
traini" but whct-her, under the iieccrisity of getting rid of nozioua 
gases, this con be accompliahed by external power generated aud 
transferred Lo the machine, is still a prnblam, whether in the 
form of cumpreased spriuga, or air, ur highly elastic steam. If 
external power is to be applied in the Bha)>e of haulage, the 
most promising ia the exhaust system of Vallance, a variation 
of which is now being experimenteil on by Mr. Xtammell. If 
wire saucers iu the shajie of sheaves were used to carry a rupe 
iu the tunnelj as on the Btackwall, the noise would be some- 
thing fearfal. Train resistance by gravity, meohanical friction, 
and atmospheric impediment in the tunnel, up the gradient of 
1 in 100, is staled by Mr. Burnett to be 661b. per ton. If this 
reaisianoe aiuld bo reduced there would be more atlvautage than 
by Mr. Barlow's plan. Supposing the onlinary rcsisianoe up 
I in 100 tn be 40 lb. per ton, there is £6 lb. surplus, arising from 
atmospheric resistance ami train friction, and it is worth while 
considering how far the latter may be reduced. ICeducing re- 
sistance ia equivalent to reducing the consumption of faul and 
the production of noxious gas. Practically, so long as the Great 
Western and Great Northern are to run ordinary engines over 
i\te Metropolitan lineii, the only question worth considering is, 
how lo prevent the detiructiou of rails and tires.** 



f fftfs of Ike lonl^. 

Fall of a Wardiomte at Shafi-Thampt.—Al Butler's Wliarf, on 
the south aide uf llie river below London-bridge, a new block of 
buildings ouly very recently completed, and upwards of 100 feet 
in height, 140 feet in width, about 70 feet in depth, containing 
four floors, with iron girders aud supporters, aud fireproof 
throughout, gave way, and the entire front of the building fell 
into the river. Happily there was no one in the building at the 
time of the occurrence. Aa tu the cause of the accident, it is 
ntated that a large quantity of rice bad been recently stored in 
the third floor, hot whether the iron ties had given way, or the 
brickwork was iusuQicieiitly set, does not appear. Owing to the 
influx of business, the firm were cunipelleil to warehouse cargoes 
of 1*688013 before the building was actually completed. Indeed, 
there were maaous and bricklayers still engaged on it at the time 
of the accident. A loud cracking was heanl in the river frontaga 
wall, and on the moo looking upwards they saw the floors bulg- 
ing outwards, and succeeded in getting into the street, when the 
whole fabric fronting the river fell into the water, bringing with 
it several thousand liaga of rioo. The laud nide of the structnre 
remains entire. The excessive weight on the raw strueiore, no 
doubt, caused it to give way. 
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The Coal-tar Cotoura. — Tlift trade in mal-tar dyen, which be- 
gan ID ISftO, cDntiDue4 to expaod, nmntinling pronxhly to from 
a quarter to half a million aTina«>lly. The colonra are magenta, 
varirtUB shaHps of blus and violet, imrplc, yellow, oraii(;e, and 
grp«n. Tb« dyes are aent from lx>itdou to lAucaabire and York- 
shire, and other plncea, to ho uaed iu the preparnliou of silk and 
C4ttoa velvets, printwl calicocfl^ delaines, merinoeB, tiniaheU 
cottOQB, silks, ribbons, daonela, and fancy and tlaim<?l xhirtinga. 
An export ti-ade I* beginning to China and the I'liiied Statea, 
tlia (lyun Vtein;; nent in their solid furni to khvc freight. It is aaid 
that sevoml thounand poauds are nuuaully spent ta defending 
the patent. 

PubHe Warka t^ Art Abroad. — A large naw churdi, to be called 
tlie E^li!<e de la Trinite, ta being erected at the northern end of 
UieC'hauvseod'AntiD, in Paris; it Ualarce and elegant airncture, 
fn the prevailing style — that of nioJem French Renaissance ; for 
the decoration of this chnrch no lejts than eijiht-and-thirty artiata 
have received eommlaaioDs: these include the painters, Barrias, 
Il^milc Levy, and Paul Balzo; and the scalptor8,GailUoii)e, Cava- 
lier, Ci-aafc, Loison, Doublemard, Pierre Heb*Tt, FriBon, Annand, 
Kns<[oct, Chatrouane, Danl-in junior, and Denechean. Much uf 
the wurk ilone is of course exterior ornamentation, but the amount 
of couimiitaions is set down at nearly ^20.0(X1. — Another chnrch, 
that of St. AugusLin, in the new Boulevard Malettherbes, leadline 
fi-om llie Madeleine to RRltgiinleii-MoiiceHiix (nherea m!igni6cenC 
quarter is growing up on the little Anteuil railway, which skirts 
the »oath-wc8t quarter of the town, and on the land belonging to 
M. Periere and the Creilit Mobilier) i* approaching completion, 
and it) being decker) inside and out with statues, gronps, and 
aculpture of alt Itiiidii. — The rage for public statues is roost rv- 
luarkiible an well aa eatisfactury : ainongBt others, wo may men- 
tion one of Los Cases at Lavcur; auuthor in Oauphine, of the 
Chevalier "sans peur et sans reproche," Bayard; a third in Nor- 
raasdy, in honour of Hi chard Lenoir, the famous manufacturur, 
after whom one of the new bonlevarda in Paris has been chris- 
tened; one at Cognac, nf Francis I.; one in Corsica, of the Pucde 
Padnne; another at Florence, of Dante; and laatly, oneof Rosaiui, 
» living celebrity, at Pesaro. 

Pkotographie Jfiap*.— A map of the town of Grenoble and its 
environs embracing twenty Kquan* kilometres, lias been pro<iuce<I 
with the aid of the camera in a very short space of time. The 
immediate object in view is the ubtaiuing correct topographical 
profiles fur mitiUrj' purposes, and consequently the means of 
placing au attacking force oomiwim lively out of the reach of 
danger; but niapd ahowiug the undulations of the hind are of too 
evident utility to require any s^ieuiul application tu illustrate their 
value. The map in question is made lu a acult; of one in five 
thousand, and was entirely produced in Paris from twenty^uine 
phol4)gra|ihic viewa, taken from eighteen diOorent )>oiuts by 
CapUiin Javary. The stations aeloct«d werti parity on uue side 
of the river Isere, and partly on the other, and it is believed that 
not a single accident of tlia uutliue has been niiHscd. The extremo 
elevation of the ground on the right bank of the rlvf^r is mure 
than three thoaaand feet. The shortest distance ai which a view 
was taken was about a thousand yards, the greuicr part were at 
fifteen hundred yards, and some few as dibtuut as four thousand 
five kuadred. It is sLited, on the authority of M. Ijnn«se<].-it, 
with whom the plan originated, th^t fitting of the levels is such 
Ha could not have been produced by any other known method of 
expeditious military reconuaiMance. Tlie views were takeo by 
two lenses of ditTerent focal lengths, namely, oneof 5U ceotimetreSt 
the other of 27. The furoiei was employed fur totembly large 
representations and objects at a distauce, or where it was found 
^^^ neceasary to take ajwci::! notice of details, and the other, which 
^^H took in a fiuld ofCO*', for the shorter distances. Tlie photographic 
^^H operations only occnpied abont wxty houra, and Uie suUtuquent 
^^^ preparation of the map two mouths. 

^^B EUetrit B»IU and Fire Indicators. — Mr. Sax has perfected an 

^^P arrangement by which a liell itt rung by thu electric cnrrent, and 

^^^ at the same time a disk is brought to view, showing from which 

I room the signni is sent. Jt consists essentially of an electric bell. 

I whieli is phioed in a situation whore it may be seen by the persons 

I whose atti-ntion it is wished to call. Near this is suspended the 

I indicator. Ib the room or rooms from which the mcsaajjes are 

I ti^ be furwnrded, several butt<ms are placed against the wall ; these 

■ correspond in number with the indicator; on pressing oueot these 

I huttnhs with the linger, the bi;ll, however distant, is rung loudly, 

^^^^ a/»i a central red disk muki-s its ap[>earance. It is obvious that 



if the press-builons are situated in different rooms, the attendaota. 
aeeing the numbers marked on the indicator, are at once made 
aware from whence the signal pr-weeilit If d'-sirtMl, the whole of 
thr press-buttons may be placetl in one nKUn, and made to signal 
dilTereut niMaages; thua, instead of the red disk, the name of 
the peraoa or article required may be shown at the aperture* 
of the indicator. For example, from the bar ot an hotel, the 
waiter, ostler, boots, or chamber-maid, &c, eould be called as 
required. The bell continues ringing eo long oa the button is kepi 
down. In addition to the muhifarious uses to which thia 
indicator, aa thus constructed, could be applied, it may readily 
be made available as a fire indicator, and thia ia effected by a 
modification of the pi-ess-button; this contiuos a metallic ther- 
mometer, which can be net to any temperature desired; anil when 
that degree of heat is exceeded, it makes the contact, completes 
the electric current, and causes the bell to nng violently ao long 
as the high temperature remains. 

Ot/ituarj/ — It has br^it remnrked that the past year was a ht»l 
one for artisla and raen of science on the CotitineDt. Certainly 
the list of the departed ia long and melancholy. France has lost 
from the ranks of art the following eminent painters: — Alaux, 
member of the lusiitute. and formerly director of the French 
School at Rome; Hippolyte Flandrin; Du Bufe, the elder; AUard, 
nsa-iHsinatei) by one of hib modt^ls at Rome; Meuimier, killed by a 
fall from the scaffold on which he was working in the church of 
Saulea; Roehm, Maihieu Rivoulon, Poltin, Barbier, Besson, and 
Leopold Lobin, director of imporiAut stained glass works at 
Toura; the sculptors, Louis Brian, Aristide Hussoii, a popil of 
])»vjd d'Angers, and iinthur of a large aniouut of busts and deco- 
riitivB sculpture; Chrislophe Fi-atin, a clever modeller of animals: 
and .Tnstin : the architects, Lnason. formerly engaged on public 
works iu Paris, who has left his ooltectiou of ilmwings and plans 
1*1 the Muneum nf Mnns; Menager, who won the Grand Priie of 
Rome at the early age of eighteen, and execnte<l many rablie 
works: .^zj'mar, the designer of some fine m!>nsions in Paris; 
Boulle, of Renncs; Qnen-y, of Monlins; Segretain, the restorer of 
many fine churches iu the deiwrtment of the Denx-Sevree; 
Pellegrini, of Chamberv, who bnilt the baths and casino of Aix, 
and wht>9e death is said to have been hastened by the vexatioa 
caused by the loss of all his plans, dmwtngri, and sketches, io the 
fire that c>nsHrDed the thwitre of CtmiuWr}"; Joles Qagniet, a 
wpll-kii"wu ilhihtrator; and the engravers, Achille Lefevre, who 
exhibited great taVut in rcppoducicg the works of Raphael and 
Coreggio, one of his last productions being tin eiigraving of the 
** AniiopH," ordered for the chalcographic establishment attached 
to the Ix>nvre; Doschamps, of Marseilles; and Godard, engraver 
on wood, and conwrvntor of the Mnsearo at Alen^on. The 
French Inetitnt, besides Alaux and Flandrin, men(ione*l above, 
lost Anipere, Clapeyron, A. Gamier, H.i»e, Arnaud-Lcfebvre, and 
Admiral du Petit Thoura. Amongst aavuus may be mentioned 
Professor A . Oochet, chemist ; A. Digot, aothor of the " Arcbieo- 
logical History of Lorraine," l«ice crowned by the Academy; 
Dinaux, arcliieologist; and Savalle, inventor of the well-known 
apparatas for distillation which Iwara hia name. The followiDg 
are amongst the niiint notable names in the obitnariee of other 
countries :— The Marqols Costa de Beauregard, of the [mperinl 
Acatlemy of Sxvoy, and the Turin Academy of Sdences; Dr. 
(Jerliug, dii-ector of the Masbonrg Observatory; the Greek 
savant, Bona; Professor Casper, of Berlin; Franklin Baclie, the 
great gi-nndaoc of Beniamin Franklin ; Pcretti, the Roman chemist; 
Radolphe Wagner; Hamontz de Jassy; Hohenegcer, the geo- 
grapher of the Carpathian mountains; the learned Dane, Cliariea 
Rafti; Struve, the Fiussian astronomer; the traveller Junhnng; 
the Hebrew linguist, Rabiu Sachs, of Berlin. Amongst painters. 
Germany lost R. S. Ziramermaun, of Havnrin; Belgium, Gnatave 
Pierrou, Henri Jnlien de Stoop, nf the Acailemy ofBrosaela, and 
Charles Robert, killed while hunting; and Switzerland, the 
celebrated landscape painter, Calarae, the illustmttir of the Up^wr 
Alps, famous alsn for his etchingK and littiographs. Belgium has 
alwilost the architects, Roelaod, Pi-ofeasor at the University and 
Schools of Art, who built the Palais de Jostioe, the University, 
the theatre and casino of Ghent, and an immense number of 
hospitals, churches, and oiher public biiil<lings,ln various Belgian 
towns. Rome lost, amonpt other artists, Rafaello CasteUiBi, 
Director of tlie Nfosaic Schutd attached to the Vatican, and who 
executeil the wonderful works, the "Sybils de Cnmes," after 
D'tmenichino, and "Saint Jeaue Baptist," after Guercino, which 
appeared at the Great Exhibition of 1S51, and now are at the 
Tuileriee. 
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TBINITY WESLETA.V CHAPEL AXD DAY SCHOOLS, 

SOUTHPORT. 

(H'lM on Ktt'jfavinff.) 

Tnc Chapel and Schools which furm the Hubieet of our illustra- 
tiou, were ofkeDed for divine srvice on the 15th September, 1864, 
the fuundntiiin stone huving W'eii tuiij oo the 29th of Mav, 1863^ 
Th«y hhve \>een ercct»l thr)Mi]:;h the lib«mlity of Mr. John 
Ferutey, who hu4 ilefi-Ayetl the wliole cottt, nt]>l neither paina nor 
expeose Irnve hc«u spareil iu ruukiiif; the edifice perfect in enrj 
rwppct ; the r«'8alt beio;; n L-hnpcl which, for chusteoess aad ox- 
celleboe of wnrkniKD^hipt bu perhaps no rival iq Metfaudlun. 
The style U the I*larly I^ucet, and the huiJdiiig hiis beea erected 
from the <ie»igii and under the suiwriutemlnncc of HeunL Cuffloy 
Ui(i Horton,of M.inche«tor(now Cuffley, Horton, aud Bridgford). 
The plan cumpriseii c1ere«torted<URve aiid aisles, transpptK, and 
apdidal chaucel, with a vestry on each aide, with & tower at the 
D<)rth-we3t angle, and & porch on aoath side, and a chamber for 
Renting apparatus nnder chanoel. The exterior is executed in 
Baroley-wnll stone and Hoaghtou ashlar, and the interior 
arches, labels, and window dresBinf^ generally of Houghton 
aton*. The total int«rior length Is 114 ft 6 in., width across 
nave and aisles £7 feet, and across trauaepte 77 feet The uare 
urebet are supported on circular polished Peterhead gmnite 
oolamnL Polished serpentiue UKu-lsle shnfU, with richly foliat«.d 
capitals and corbels carry the priucipaU of chaucel, the roof being 
.panellftl for decoration. The whole of the ro<ifs are boarded, 
and all the timber and boarding exposed. In the nave and 
transept the mof is oeiIe«i across at the collars with pierced 
qoatrefoiled boarding running down the centre, and communi- 
cating immodiately above with a wood tube, for the purpose of 
reatiution. 

A double principal, filled in between with qnatrefoiled board- 
ing, aud carried on coupled marble shafts, as before described, 
luarlu the division of nn.ve and chancel. 

A distance of 16 fuct at the west end is arched off from the 
Dare for the use of the choir aud Suuday-school childreo, and 
arched reoesses are formed on each Hide for the reception of the 
orgau, the organist playing fn>tti hia seat in the centre of the 
choir at the front The whole of ihe pewtug is executed in 
pitch pine, and is calculated to sent 779 persons, inclusive of 
children. The whole of the windows have been filled with 
stained gtaa>i, of chaste geometric design, by Messra. Edmundson 
aud Son, of Manchester. The wrought-iron gates, aud other 
ornamental irou-work, aa also the gas lighting, have been exe- 
cat«l by Messrs. Skidroore. 

Tlie works have been carried out by the following contractors, 
oamrly:— ^touework, Messrs. Ellis and Uiucticli^c, of Mau- 
chester; the brickwork, by Mr. Itiding, of Southport ; warming 
api»«rrvtU8 (hot-water principle), by Mr. Wilson of Manchester; 
and the rest of the work by Messrs. Bowden, Edwards and 
f or«ter, of Manchester ; Mr. Ogg being the clerk of the works. 

Tnnity day-schools, Southport, by the same architect as the 
eha)Ml» are in immediate connection with the grounds of Trinity 
Chapel and minister's reii'idence, and, with the offices and play- 
grounds, occupy about 3040 aquore yards. The pHudpal front 
u toward* Talbot -street, and comprises the inGinto'- school, 39 feet 
by H) feet, with clas8*room attached, and ou each side are the 
irthiK'tmaster'a and chapel keepers residences respectively. In 
the i-ear of the infanta'-echo(d is the mixed juveoile 8c)iu<>l, 56 feet 
by 31) feet, with class-rooms, clonk' rooms, and lavatories. Red 
brick, with stone dressings relieved by blue brick diapering, has 
been the material used. The roofs are ceiled across at the collars, 
for the purpose of ventilation, and plastered between the rafters, 
which are wrought aud scuined. 



THE COMPULSORY SALE OF LAND REQUIRED FOR 
PUBLIC UNDERTAKINGS IN ENGLAND. 
( Continued from payt 56.) 

VamdM In Miirtgagr. — Tlie promoters may redeem the interest 
of any uiortgitgee iu such lands ns they reiiuire, whether they 
have already purchased the equity of redemption or uot, or 
whether thi* mortgage affects such loudH, Bolely, or jointly with 
other Undu not required. To etfect this, the promotei's must 
pay, or tender to the laortgngee, the principal and interest due, 
ftod the coats and chargee, if any in respect of the mortgage; and 



also, (if they require immediate possession,) siz months* interest 
iu addition to that already due; otherwise they must give six 
months' uotioe of their intention to pa^ off the incumbrance. 
On DA/ment of the amount the mfvrtagee u to convey hia interest 
to the promoters, or as they may direct. Should the amount of 
principal, iuterest, and costs exceed the value of the land, or if 
a part only of the mortgaged hinds bo required, the value and the 
compeusation to be paid is agreed, or determined as iu other dia- 
put*Hl cases, bsiweeu the promctars, the party entitled to tha 
equity of rademption, and the mortgagee; and the amount so 
'determined paid to the mortgagee in salisfactiuu of bis debt so 
far as it will extend. The mortgagee must then convey the 
whole of his iuterest iu the lands to the promoters. In any case, 
if the mortgagee make default iu conveying his interest, the 
money may be deposited and a deed poll executed, with right of 
pusseasioD to the promoters aa hefors described. This does not 
aflecl the rights of the mortgagee agiUnst the mortgagor in any 
remedy fur the balance of the debt, other than the poaaeaaioD of 
the landa 

If in the mortgage deed a lime has been limited for paying off 
the debt, and Uie promotent require the mortgagee tu accept 
payment before the time so limited, they must pay the costs of 
re-investing the sum so paid otf. If the intereal secured by 
the mortgage be higher th-tn cau be reasonably expected to 
be obtained on re-investiug the principal at the time of it being 
so paid off, the promoters must pay to the mortgagee com- 
pensation, to be agreed or determined in re8f>ect of hia loss, by 
the mortgage being so prematurely paid off. 

lient Charge* and Lm$m. — Disputes as to the compensation to 
be paid for Uie releuae of landsi subject to rent chai-ges, aro to 
be settled as iu other oases. If a part only of lands subject to a 
rent charge is retiuired, such part may 'tie released, and with tks 
consent of the owner, the rcutaiuiug lauds, if of sufliciuut security, 
may bo exclusively charged therewith, or au apportionment of the 
charge may be made by agreement between tne owner, the party 
entitled to the rent charge, and the promoters, or if they do not 
agree, it is to bo settled by two justices. 

[f part only of lands comprised in a lease for a term of years 
unexpired is required, the rent is to be apportioned between the 
lauds so required, and the residue, either by agreomeut between 
the lessor, the lessee, and th« promoters, or by two jostioss oti 
application to them; and after such apportionment the lossoo la 
liable only to so much of the rout as la apportioned on the lands 
not required; but all covenants of the lease, except as to the 
amount of rent, are to remain in force with respect to the land 
not retiuired, as far as they will apply. 

Any person claiming to he compensated for a greater interest 
than as tenant at will, must produce his lease or evidence thereof; 
aud if after notice in writing from the promoters it is not pro- 
duced for twenty-une days, the claimant is to be treated aa a 
yearly tenant. 

Limit <if Time/or exercising Compuiaory Power*. — The powers 
gruutad for compulsory purchase cannot be exert^sed oj tbo 
promoters after t4ie time prescribed iu the special act, and if no 
period is prescribed, not after three years from the passing of 
the special act. If, however, the promoters have entered upon 
any lands which they were authorised to purchase, and which 
are permanently required for the porposes of the nuderukiog, 
and it appear that they have, through inadvcrtonce or mistake, 
omitted to pay or make compensation for them, the promoters 
may remain iu po-vession of the same whether the time limited 
uhiiJl have expired or not, provided that within six mouths after 
notice, and proof of his title ehall have been ^veu by the 
olaimnnt, the promoters pay to him full oompenantiou for such 
interest. The couipenaation to be paid iu these cases is to be 
asaeaaed on the basis of the value of the lauds at the time the 

firomoters entered into possession, and vitliout regard to any 
mprovemeuts which may have been made since that time, or In 
ooust^qnence of the construction of the wurka If the prumotsrs 
dispute the title of any such claimant to the iuterest cUimed by 
faini, the ooeu of any legal procsedings which the claixuaut may 
Incur to proving his title, are to be paid by the promoters if the 
result of the inquiry is in favour of the claimant. 

Sitrpltit Land*. — It has been before stated that the pronaotsra 
have uo power to porchase, conipulsorily, more land than Is 
bon6 fidt re*|uire*l for Uie porpodes of the undertaking. The 
intention bemg to prevent tue prumotera becoming land specn- 
Utors, at the expense of the existing owners, by baying up 
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more laod than Ihcy actimlty require — m the neighbourhood of nn 
ioteiuleii railway stiUiou tor iitsiauce— and Ihon Belliug the same 
»t n profit, which would otherwise go into the pocket of the 
original owiier. Ofu?D, however, the promoters under the provi- 
■ioDi of their act hy ngr^ment, or iinrler a ret'j\iiaition fram the 
owner under the variona circuniDtAncefl before alluded to, become 
poiMeBsed of a ({'jautity of propertv beyo&d that so retiairetl for 
the purposes of Uie undertnkiag. They &re not aUowed to keep 
in perpetaity evcu thin which ban l>e«u thrust upou them. If qo 
time is prescribed iii the 8|>ecial act for the aale, theu within ten 
ye»rs ailer the expiration of the time Umite<l by the spceiat act 
lor the completinii oi the works the promoters must abflolutely 
sell nod dispose of all 4uch super6uoii« taurlK, and iu default thereof 
all such Uudfl veat iu and become the property of the adjoining 
owners. 

Before the promoters dispose of such surplus lands they muat, 
noJeso the lands are situate iu a lowa or are bniU upou nr used 
for building purposes, offer to sell them to the person then 
entitled to tholanda from which they were severed; or if he refuse 
to parobaae, or cannot be found, the like offer must be made to 
the persons whoee lands immediately adjoin those proposed to be 
Boldj in socctM-iion if there be more tlian unOf in such order as the 
promoters think fit. 

If any such persous desire tu purchase they must signify their 
iuleotion to do so within six weeks after the offer of sale, or they 
lose their right of pre-emption. If the price to be paid for the 
lands cannot be agrt*eil, it is to be settled by arbitration. The 
costs of the arbitration are in the discretion of the abitralon. If 
the right of pre-emption be not exercised or claimeil wiihiu six 
weeks, some person not interested munt make a declaration that 
the offer was made and refused, ox not accepted, or the persona 
entitled were out of the country, or could not be found, or woro 
iucapable of euteriug into a ooutract, as ihe case may be; and the 
promoters can theu sell the lands to any person, by auction or 
private contract, at snch price as they ma^ think fit. 

The pruinotera are to keep at their principal office a copy of 
theu- special act, and if tliu works (as a railway or canal] are not 
ooufioed to one town or place, they must also deposit a opy with 
Lhe clerks of iho peace for the aevtiml couuties into which the 
works BKtend, and must permit all persons interested to inspect 
the same and Lake copies or extracts. 

"The Lands Clauses Consolidation Acts' Amendment Aot, 
1860," (23 & 21 Vict., cap. 106) extends the power of commuting 
for a rent charge the purchase money or oompensatiou to be paid 
in respect nf any lands to all persons interested, nhcthei* thcyaro 
under disability or not. If tho promoters porohose lands in 
oonsideration of a rent charge their powers of borrowing are to be 
reduced by a sum equal in amount to twenty years' purchase of 
the rent charge so agreed to be (wyable. Tho provisions of the 
Lands Clauses Act are by this act extended to euable the Secre- 
tary of State for War, and also muuicipal corporations, with 
the sanction of the Treasury, to purchase lands under its powers 
for purposes of a public nature. 
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THE INTRODUCTION OF COLOURED BRICKS, ETC., 

IN ELEVATIONS.* 

Br Hemrt a. Dabbisuirb. 

The following brief remarks have beeu prepared with the 
hope that the interest of the subjcot to which they refer will 
be received as sufficient excuse for their intrusion upon your 
attention, and that they will give rise to a discussion, which 
■hall yield much valuable matter for the gnidance of all who 
BFO practically engaged in omplojring coloured bricks as an 
effective and inexpennre arcbitectuml enrichment. Tliey have 
been suggested at intervals, during long railway jjumeyd, when 
readiu;^ has booomo wearitiome, aud a good look-out of window 
has iclieved*4he monotony of confinement. By a good li>ok-out, 
I do not mean a vacant slare at nature iu an uncomfortable 
etato of perpetual motion, but a wide-awake look-out when the 
senses are alive and active, and the mind Is both ready aud 
willing to recein Impressiooa of objects as they are presented 
in rapid succession. It must be admitte<l that a transit of 
forty miles an hour is not favourable to aocurato observ-itloD of 

* Besi St tbe BDjrst lDrt4t«t« of BtilMi Andiltocu. 



details, but leading features can be easily distinguished, and a 
travellercaiidetcrmine, without effort, the outliu« uf a mountain, 
the foliage of a wood, or the form, general proportiuDs, and 
colour ot a building. If his observations be oontiuetl to build- 
ings, I think he will \ncV neither aniuseiueut uur iiialiuction. 
Among many other things, they will leach him to criiicise their 
merits aud imperfectious by tbe same ruitrs which inducnce the 
criticism of that large and imporUtnt section of the commuaity, 
the geuvnU public ; fur they will revenl to him only those features 
aud charucti-riMlics which are uiuul prumiueuL, aud tlmreforo 
most apparent aud iotelligible to critics who are not fully 
acauainted with the laws and practice of architecture. 

it )>ecome8 an object of no slight iniportaocc, to discover, if 
possible, how public gratifiaiiion, or in other words, favouniblo 
public opinion, may be secured and increased by the adopliuu 
of means which arc easily acctssible. To accomplish this object it 
is necessary iu the tiiMt place, to anceiUiin with tolerable ac- 
curacy, what features in a design are most eauly oomprehffiidefl 
aud approved by an un professionally educat«d obstrver, and 
in the second place to discover the means of rendering them 
easy of adoption; tlie first, as I havo already said, I believe 
can bi: done without much difficulty by a rapid xurvuv of the 
buijiliu[^ which troop pout any railway carriage window; but 
the second, viz., of beatowinn; upon them prominence aud effect 
by the employment of simple and economical expedients being 
much the lutnlcr task, can only be uudertakeu, with auy hope 
of success, hy those who have bfeu actually employed in 
carrying designs into execution. As we have nui time to do-' 
vote attcniion to more than one of these features, we will take 
tho most oouspieuottii, viz., colour; not ila redness, or blueness, 
or (greenness, but )U blackness and vhiteness, its light and its 
shadti, its lights an<l itd shadows, produced by the expoeuro 
of its various and irregular surfaces to the fair light of day. 
Admitting thin interpr>>tation of the word as aeceplatde, tha 
importance and iii{lui)u<:e of Colour ciniiot be dcuicd. How 
endless are the resoutces, how lavish the means employed to 
secnro it; how exquisitely varied and beautiful are tbe resalte 
which it is powerful to obtain, Dud how miserable the effects 
of failure frum a misirmploymeot of iu coveted agency I To 
produce colour the attention of thoughtful minds baa beeo 
occupied, to a greater or leM degree, from the earliest ages. 
0<^reB and chromes £r«t tried to aecompUitb the feat, whose 
chief glories were reserved for Creeks aud ik>maus aud those 
great workers iu Gothic art who succeeded them. To what 
other source than to the love of colour aud a high appreuialioo 
of its value can wo tmce tliwe beautiful architectural mould- 
ings and enrichments which our forvfathon and furcwcrkers 
have betpteaLlicd to fHistvrity i Tho waves of tlic sea, the bonea 
of thu liuuiau body, the great auu itself, they lovingly studied, 
aud learnt from tlieir delicate outlines to cutubiue tlie cyma, 
asirngal, and circle iutu forms im> bold and yet so delicate, so 
couiplex and yet so simple, so various and yet ao uniform, 
that "they weary never, but are for ever new." Is it possible 
that tbe value and importance of colour iu architectural works 
can h« over-estimated by those who care to observe its effect 
in any of our princiiMil squarws or thoroughfares) Do not 
these afford suthcient proof, if proof were wnotiug, that ita 
power of bold assertion can destroy all uuity and proportion 
in tboee attributea which are lesa obtrusive, but which are 
neverthok'ss quite aa deocrviug uf cocsidcratiou I Our streets 
and squares are liteinlly striped with every conceivable tint 
the painter's brush can give them. Blacks and greys in endless 
variety, alternate with whitess yellows, or buffa, according to 
the fancy or fiuauc**H uf their occupiers, and by their prominence 
mutilate continuous liuea of detail, as effectually as if tliey 
were actually broken aud discounected by difference in thiir 
design. Qnw few persons would believe that the building un 
the west .side of Trafalgar Square, for example, is really] a 
uniform and regular compusiiiou. That portion which 
occupied by the College of Phyaicians is so black, and t| 
remaining two-thirds, belonging tu the L'niou Club, is 
white, that none but a critical profc^uional observer would d|| 
tect any similarity iu tbe two divisions. To all appearanc^ 
they are separate buildings, and if either of them were burD^ 
down or removed a hundred miles away, tbe other would! 
remain unalfected by the loss. If it be necessary for a build-V 
ing, or a group of contiguoas buildings to be coloured, tho ^ 
colour should be limited by the linee of their architecture, ' 
and subject to the conditions which they prefloribe, aa it is on 
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theUontineitt, ftDiI eapecially in the towns on the MeditevrnDean, 
wb«i« the iftrticU nxv full of colour, na varied, certainlVi nnct 
very mucli brighter tliau they arc here. There colour in Hub* 
•er^-ieut to tlie arcbicecture, vbile hete it. defiles aud uvui-- 
ooiutw it. 

lu birge buildio^ were botli Bfiace and tue&ua are liberally 
mpplic*!, bold projections aud deep rece«MH dieCiuguish, by 
well (Itftined luuaei of light aud shade, the most protuiiient 
parts of the desigu from those of interior importaiJc«, and these 
a^ain are relieved by rich aud delicate detuiU radiant wiih 
Unes and iutricadoi of li^ht, whicli ojark out the )'dii«nd 
proportious aud eubdipiaioua of the whole Baseuieuu nud 
witablatitres, string ooDrBesand comicea, with all their atiendtint 
•ooHKinmfifgrdiite coluniua, marble capitAU and fiuely poliabed 
•ur&cmi upon wiiieU the suu-lij^lit luves to linger, all con- 
Uibute tbrir bright and vai-iod ^ifu> of euluur so cuniiiuirly 
dispoaed, as to reileem the plainest work from moDutouy and 
Ui« oioet elaborate from beooiniug dull. 

In ordinary baildiugH, by which I mean buildings of orviinary 
site, boilt of ordinary materials and appropriated to oi-dinaiy 
parposoa, tlio case is altered. For theiu space is usually cou- 
AaM and fuuds too ofteu searoe. Bold projectious hud deep 
jeeasa e s fjlre place to uniform aui] uubi^keu surfncett, pulifthed 
■tone to oummou brick, and richly clothed moulding U< nnked 
arrises. What then liecomvs of cul^^urf does It too take Hijjht 
«ad leave all barren i Not iu the li^aat. Railway observation 
l»aobe> char, iu ordinary builtliuga, aud especially in those of 
Uia moat diruinutive pro[>ortiouti, colour liouuds to au extent 
aliDoat boi'Jeriug ou mouopuly; atiJ not merely cutour as 
hitherto detined, blackness and whiteness, light and shade, bat 
nsinbow colour, grwn, blue, red, black aud puqile, distributed 
inM e»*ry ooucwivalile pattern, aud aubdividing every Hurfiice 
to which it is applied into as many squares and poraHvlugramH 
as a Eidrlerniiuster carpet. As this colour is literally applied 
cnkntr, and is not originated by skilful combinations of the 
vitrioUM associated portions of the design itself, its independent 
obtraaivvness ea|ieetally arrests attention and biys claim to a 
few words of eonaideration. 

It is generally produced by variegated bricks and tiles of 
bvantifal manufiicture, and often of careful and elaborate design 
obtaiiialileut coniparalivEjIy nniatl cost, aud easily worked iu M'itb 
building materials of the coarser and more ordinary descriptions. 
Tbeae desirable qualities necessarily render them popular, but 
AC tli« same time subject them to the liability of Lwing employed 
by the uaskilful and uuconacientious designer as available 
agents for obtaining what may be called "reatly-made" effect, 
and relieving him of a load of inventive and thoughtful labour. 
This ooiistitatea the chief danger by which their attractions 
are Nurrnuuded, and offers the readiest explanativu of the cause 
of that disappointment winch appears to be inseparable from 
their employment aa architectural decoratioua. 

To explain my meaning more clearly, aud as I have purposely 
avoided refervnce to drawings, I will take an example from tlie 
maat nnmercus doss of ordinary huildiui^A, which may he called 
the diminotire domestic class, aud which includes that model of 
perfection which tlie oaenta delight to advertise aa "a most 
desirable villa residence/^ poaaeasiug all the advantage* aod dla- 
adrantages of the architectural sliding scale, which begini with 
a palace ami ends with a cabin. 

Aa we are not concerned with tbe interior arrangements of a 
TMtiboIe. hall, double drawing room, dining room, breakfast 
room, billiarvl room, library, oonservAtory, observatory, aud 
boutloir, or wiih the aurroanding attnictions of terracvs, shrub- 
berries, gnvvel walks, fish ponds, plantations aud 6ower beds, 
with gods, goddesses, urns and fountAias interapersed over the 
•Dtire domain, which covers at least half an acre in extent, our 
attention must be ooafined to the external appearance of the 
bnilding itself. 

The principal elevations are generally about 3d feet in length, 
and nf a propurtiuuate liuight. Aa plain surfaces are considoi-cd 
objectionable, tlie wnli spaces are crowded with lozenges, cruases, 
and uuintelligible diagrams of every deaoription, and are broken 
op by gables, gableta, bow windows, bay windows aud orlcl^ 
porches and glaaed oolunuadcs, till a square foot of repose is 
■ought for iu vain. The dissecting proceaa is exteude<I to even 
the smallcdt details, and so effeotuuly are these subdivided into 
minute aud inappreciable parts that pltnlhs, strings aud cornices 
loae their value as distinctive features, and are lost in a confused 
and unintelligible conglomerate. The coufusion ueoeaaarily 



arising from this dissection of smnll wholes into still more in- 
aigiiiticant parte, If not solely allribLiLable to the eniployuieni of 
coloured bricks, is very materially assisted by theuL Assimdiiij 
that they are similar lo common bricks iu every respect except 
c<dour, and, perhaps, fineness of texture, the very uniformity of 
their dimeuslons and the variety of pur|>oses to which, with Us 
drawback, they are applied, renders it impossible for ihem to 
accomplish auccsMafully all that is expected fmm them. It la 
not because they are valueletui, but bucause their value is not 
pruperjy estimuted that they so ofUiu pr-jttuce such unuxrlhy 
i-esulta. In small buildings of tbe class which boo jiixt Immu 
described it will be found, almost without exception, that tf they 
are used as mere Bat facial decorations they are so dis|MM«d as lo 
^uirLition the wall sfmoes into as many squares as a chess board ; 
if they are employed aa angle quoius, they are stepped in blocks 
so large aa to reduce the apparent height of the elevntioua; if 
they are introdutie<l as eurjclnueuls to door aud window 
openings, they interfere with their proporttoua; if they are 
subatimtod for moulded bands or string courses, they art* 
either coarse or unintelligibly minute; if they are «mpIuyod 
in tlje construction of arelies, they ilestroy the eontiuuily of line 
upon which the chief beauty of tho arch depends; if they »ro 
inadrted nmoug the iutorspnoes of cornices, extraneous eu- 
tttblalures, or other similar group* of mouldings, they perplex 
their shadows instead of addlug to their significance aud depth: 
thus it may be fairly admitted that uuless their introduclion be 
undertaken by those who are aware of its <lit£culties aud are able 
to overcome them by the i>ower which sufficient knowledge and 
well educated taste aloue can supply, they cannot fail t« create 
diaappointmcnt and regret, aud cause their entire absence to be 
more eomnionded than deplored. 

It may be well, before proceeding further, to ascertain how far 
the foregoing assertions are justified by facts. :iud J-'irst, as to 
the employment uf coloured bricks, &c. ox fauial decurattotis, by 
which is meant their urnuigcmeut upon flat aud uniforui wnll 
spaces into various fanciful devices, obtained by cotuurs in con- 
trast with the wall itself. 

If a wall be broken up by several opeaiugs or projectiuns the 
interspaces become uuiuerous, .tnd cooscquuntly of limited size. 
These interspaces are the principal divisors of a building, and as 
they define not only its linear proportions but leneive those 
shadow lines whicli no rule and compass can control, nnd which 
vary with each passing moment, it is most desirable that their 
didtinctnese be acknowledged as an attribute of value, aud 
preserved inviolate. Lines of domai'cation, however boldly 
expressed U|]ou pap«r, too often vanish like shadows before tbe 
sunlight, whicli recognises no Hues but thoee dutcriniued by the 
aubetautiul realities wlucii oppose it, and whose oppoditiou creates 
a progeny of new lines full of beauty and variety, and from their 
extreme delicacy demanding the most careful pratectlou. Confused 
wall spaces will cause cuufuied shadows, vague and undefined, 
void of depth and trunspai ency, and robbed of all tbe clcai-ue« 
whicli i-endei-s their delicacy so attractive. It may occasionally 
happen that the sizes of tlie wnll spaces may vary considerably 
iu the some building, aud that some may be so much larger tliaa 
others and so much more exposed, as to render it desirable to 
relieve tbem by introducing mouograios and other devices of a 
similar character. When this is the cane the colour of the wall 
should be first considcmd; if it he dark, the devices shvuld be 
darker; if it be light, they xhuuld bo lighter; for iustauce, io 
a red wall the devices should be executed with black bricks; 
if it be a wall built with the common yellow stuck bricks, 
beat known in Londou, they should be executed with Suffolk 
or Bath bricks, so that in neither coae may they present 
too glaring a ooutrasL Goneially, however, wall apace* 
aliould bo as plain aud nuconspicuous as possible, and it requires 
but little art to render them so; 

Seeofutiy. As (o their employment as angle deooratious or 
quoins. It too frequently happens that tbo desire to employ 
coloured bricks insiUiatious gvuentUy assigned to stone, causes 
the uniformity of their dimensions to be overlooked or disre- 
garded. This la especially noticeable where they are introduced as 
angle qnoius, where they are massed together iu blocks fourteen 
or eighteen Inches long, by twelve inches iu height. These 
proportions are usually observed because they work well with 
the general construction, but they ore too irreguL&r for beauty, 
aud so largo as to nve a false scale by which to estimate tbe size 
of the elevation. Usually the bricks are of a lighter colour thau 
tbe gooeral wall iao^ and this prominence renders their 
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dispropnrtioD mora Apparent, In buililiugs of roodentte h«iglit 
ibey auumo the appenrmucu of steps, by whicli the eve is cnablod 
to iirtceod from baseiu«ot to roof by gradatioos m easy and regular 
tbat it has leisure to measure each foot as it rises, and refuses 
to accept anr assertion of size hni that whose acciinwy has been 
fairly teatcd by its own observation. This, it must bo nllowed, 
nresenlK a itrnug nrpimpot agnioat their cmploynietit as quniiis, 
but it is not BO suriuiiit as to justify their banishment from this 
Ottice. Klhey beouly tnmtedas bricks, and not as representatives 
of nune, and if their colour be selectcil with jiidgnieiit, they will 
prove both oroamentaJ and useful aasiatnuts. In order that they 
luny avoid the offence df atfectingto be that which they are not, 
ihey should be juiued like the rest of the work; but if theyditfer 
from this id ooloar, as they may do, the mere alleroatioos of header 
and stretcher will present a poor and inen^ appearance, unless 
a oloder be introduceil lo render ihe regulnnty of the sub-division 
lesa evident. Their colour should harmonise with that of the 
tfcneral wnll fane, and not present any striking conirast to it. 
Like the ornnmonial devices alroa'.Iy mentioned, they should be 
darker thnn the dark wall and lighter than the light one, and 
so avoid the stenpiug-atone appearance which their nnifnrmity 
iu height luigbt oe apt to sngijeitL. Before leaving the aubject of 
qnoins, we may olwerve, that wherever coloured bricks are 
employed at the angles of n building their v.-iitie may be con- 
siderably iitcr«ase<l by rounding their external arris into aquirked 
l>e:fid, so that theshiirpcnttitig line, which offeuilainall u«w work 
by itii rigidity, may be surteued and refined. 

Third(}/. As to their employment as enrichments to door and 
window ojwnings; not very long ago I was re<jiiiretl f > execute a 
denign, in which tl was cunsidereo Important that the door and 
window openings ahould be oruaiuented with red bricka. The 
wbIIs were of common yellow stock bricks, and the colour seioctcd 
for the door and window jambs and arches, ofa modest, inotfenaive 
red. For economical rf-asoiis Suffolk or Bath hrioka were out of 
reach. When the building wan linished, the critics appeared, 
and as a matter of ct'urse expreaseil their opinion without reserve. 
None of these were unkind or unjust, but there was one whotK 
oritlcisra wna too iwrtinent to be forgotton. After tnkiug each 
portion of th« work iu its turn, be drew attention to the ^offthalmic' 
appearauoe of the doors and windows. The nest time 1 aaw 
them, their ntHictioD was apparent, and my attention once roused, 
I Aoou became tinplensaotly aware tbat mine was by no means 
the only building sutferiug from the complaint, and that upthalmia, 
proce^Hling from the same eauBe, abounded. C'onsl deration of its 
prevnlenoe led to the conclusion that, if co|our(^d bricka be 
euployerl aa enrichiuentfl to door or window openiogs, they must 
either be limited by definite lines, maintaining proportions which 
have relation to ih^ openings themselves, or when thuMe cannot 
be obtained their Iimii4 must be left so vague aa to prevent their 
auggeating that pn)|x>rtion wa,s attempted, but could not be 
secured owing to the diUiculties iuwpanible fn>m it* accomplish- 
ment. We neoil nnt be rcmindeil th:it if a lUxn- or window receive 
any kind of decomtion beyond its clear opening the proportions of 
tbe deooratinn will materially affect those of the o^tening itself, 
and ewpeciaJly if the colour of the dec«>ratton be cnnspieuous. 
Coloured bricks are, for this reason, moet nnmanngeable. Unless 
they are purpoecly moulded nr cat for adaptation, like stone, they 
ought to be applied only to those openings which arc multiples 
of their own dimensiona. As moulded and cut bricks are not 
(boftc under present cuuaideration, the establishc-d length, breadth 
and tbickneds cannot be set aside; and white admitting the 
efficacy of the limits assigned to each of these, for the purooscaof 
construction, tlie doubt arisee as tu bow far they are qualified to 
supply the elements of good proportions. Thla doubt is 
8trengthene<l when we oonnider them — 

FuurWjf, as substitutes for moulded bands and stringooursee. 
Three inches, the accepted thickness of a course of common 
brickwork, may be termed the small divisor of the vertical 
Bubdivieious of an elevation, and any bands which may be 
introduced to givethesesabdivtsions prominence, must ueceasarily 
l»o multiples of three inches. For the bands of low buildings 
three of these divisions will lie sufficient if they are flat; but when 
their outline is varied, four at least are required, as their increased 
projection renders it necessary for the uripemjijst course to be 
weiithered. L'utesRthe band be of oouaiderabie length ita depth 
of twelve inchea will &\ij>eiiv dispi-oportionate, fur, suppoaing the 
weather-euune consist of headers, which is not desirable, and it 
projecu four and a half Inches from the face of the wall, which 
i» as much as tt should do, but little variety of shadow can be 



obtained below it, not sufficient, certainly, to redeem it from i 
heaviness. The distribution of a twelve-inch band, which wu 
often atlopted by the old builders in brick, and whicli appears to 
W the simplest and most effective, is three inches for the weather 
courac; three inches for the oruamnntal oourse, either saw>tooth, 
billet-mould, or dentila, and underueatb a plain coarse of six 
inches to receive their shadows. In modem works, the third 
cuorse is frequently flush with the face of the wttll, and the 
lowermost course projects two and a quarter indies so as to serr* 
aa a necking. This arrangement posf^ssee the advantage of 
giving to thefornamental course the beneht of ita entire projeolioiL . 
but at the same time it divides the twelve inches into foor eqou ^ 
lines, each of which is only three inches in bi-eadth, To avoid 
the diihcultice attending the unalterable limitation of three inches, 
another plau has been adopted, which few will allow to be very 
Bucceasfut ; it is tbat of inclosing nine-inch square variegatetl 
tilea between two filleta of cement, eaidi fillet being an inch and 
a half in breadth. There are inatances (and one building in tha 
city is especially noticeable) where cement has been moat 
effectively and almoat le^timately combined with the brickwork 
»o as to serve all the pur|>oses of stone; but these are to rare tbat 
their exception only proves the rule, that the employment of 
cement in brick buildings ought to be carefully avoided*. 'With 
regard to tile decoration, it may be said that, unless ita desiga . 
cousiat of simple, wuU defined forms, eipreased by well coutraeted 
positive colour, it will have a weak and unmeaning appearance. 
The more oomplex, and it may be the more delicntely beautiful, 
the design when close to the eye, the more ineffective and 
disappointing will it become when removed from it. Tile bands 
or strings am, moreover, generally so reSned looking, that tfaey 
seem nuable to acoommudate themselves to the requirements 
of their coarser noighbonrs. They look isolated and out 
of place on a bare brick wall, and soggeet the uDsatisfactnry 
idea of being applied without sntlicient purpotte. Thia 
impression Is strengthouod by their tints heing of a chanu:lcr 
80 entirely different (rota that of the finest coloured bricks. 
The eye will follow colour, wherever it may be, as ineritably 
as the needle will follow the pole; and the more attmetive 
the colour, the more inattentive does the eye become to 
surrounding attributes, however important they may be, so that 
it is really of much consequence that the colour affonled by 
ornamental bricks and tiles should be carefully and jodicionsly 
applied. 

Fifthly. As to their employment iu the construction of arefaes. 
Arches appear to offer peculiar facilities for the exhibition of 
the wildest vagariee. In the buildings to which especial reference 
ImMbcon made,theyare coloured so aatolookmore like pyrotechnic 
displays than anything else. Hlacka, reda, yellows and whites 
alternate, aa in a Catherine wheel, but their combination is Air 
from being ao satisiactory. Instead of preserving the arch line, 
tht^y sever it into eegmente, and by destroylug its continuity, 
deprive it of ita beauty. By some strange spirit of perversity 
their arrangement is bo distributed that the darkest colours are 
where the light should be, and tnos vtrrtd ; the key stone being 
quite tight, and its adjacent vouasoirs quite dark. This trans- 
position effectively divides the arch into two parts, railing away 
from each other, owing to the absence of a crowning member to 
unite them. As the construction of arches neceseitatee the em* 
ploynicnt of bricks of finer quality than thoee required for the 
walls, a great temptation ia offered to make them injurioualj 
couspicuons, by giving them prominent colour. An arch to be \ 
useful must have ita voussoirs of a certain depth, and to give it 
the appearance of stability, they should have something definito 
to spring from. If their depth be propoi-tionate to the width of 
the arch, the proportions of the oponing will remain undisturbed ; 
bat if they are not Bo-~And they certainly cannot be where the 
openings are small — they will create a hsaviness and depreanoa of 
the most obj(K;tionablo kind. It very aeldom happens that the 
breadth of a brick i>reh can be made to bear a ju>tt proportion 
to the width of the arch itself, and as the probabilities are so 
Btrougly against it, it were better to render an evil, which is^ 
almost inevitable, as little offensive as possible, than to expose ' 
it to censure by making it unnecessarily proiniuenl. The Ktm|>le 
intrados of any arch, whether it be a semi or potoi4.1l. \» Hufficiont 
to assert its claims to admiration; and it is very qoesti'>oable 
whether any enrichment, except ttmt afforded by delicattily cot 
and sculpture^l mouldings, can maierixJIy contribute to its 
beauty. Again, in order to secure some apparent springing line 
for au arch fiush with the wall iaoe, one of two oonises must be 
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adopted: either the colour of jta voassoira most be coDtinued 
virUcally throu^Iiout the length of its jambe, or it moat be 
curied horizouuilly by a baud fulfilling the duties of tat impost 
mould. In ordiiiary bnildiugs tho latter ia the simplest and 
most common, Imi it nut onfre^^ui^Dlly bappecs that iuBiead of 
the hand b«ing fluah with thu vmiARoin, it is made to project 
before them eo that it uMumeh mute of the character of a atriog- 
coorse iotercepted ami brukeii at tlie opouiuffs, than that of a 
nember inliniHtuly agaoi-inted with tliem. If a series of bonds 
Uttto oiuploy^d ad spriDgiii^ liii«s occur at two or three irregular 
interrala, they may iiu|jriiV(i tlift aj)poAranr© of a building by 
adding to its deficient length, ami diminishing iU exceaaive 
btfigbt. lu the ueigUbourhood of l&i^ towns, where land ia so 
valuable lUat it ia necessary to eoouomise every foot, and to 
bnlld AH high as possihle, they may be iutrndaoed with consider- 
able advuuugc, provided ilmt they do not offend by prominent 
eolonr or pretputious €lab<<riition. 

SixthJg. if they are introduceil into the iuterspaecfl of oomiceH, 
extraneous eulablntures, or oUter ntiuilar gron|)fl of mouklitige, 
thuir arrangement and de»iga miut be bold and well cxpresaeJ. 
Minute and eliiborate pretiinesa will not ouly be ineffective, bat 
they will, by their own indiatiuctncsa, disturb and coufuse any 
abadowri that may Bill upuu them. In curnices of good pro- 
iection aud where the mouldings are not v^ry delicate, they may 
be employed with giviit advauu-ige, proviiled that their colours 
are selected with reference to their poeiiiou: for instance, by 
executing the boundary Uuett of a metope or panel between the 
oonaotei of a cornice with dnrker biii^lcN than tlie portion so en- 
closed, the panel will uppenr reoeascd, and the console thrown 
forward, becoiise the sha«iow of the Jatlcr will i-eceivo increased 
depth and value from the colour of the bricks with which it 
ourroiponds. Again, in bed moulds undernenth dentil coorsesi 
n simple alternation of li(,'ht and dark coloum nuty bo tuade to 
produce great lichuess with very bimplo means, if the eSecta 
obtained by the nalund colouis bo wtll considered, and increased 
by unobLrUiiive art. (Jeuerally spestking, if culuured bricks be 
Mnployed alone and not thrunt furwui-d into positiuug where they 
Sire not reauired among details of iutiicate and delicate seotiou, 
and if ttieir colours are ilifrpntt!<l a" a.<i to be suggesLJve of some 
Doiform principle of design, their services will not fail to be re- 
cognised and grulefu]]y ackiiowUdge'l. It is because they are 
CMAp, attractive, easily accesuible and avsilahle for so many 
rarious purposes, that Uicy become exposed to all the indignities 
which igDurnuce or indolenre can iufilct upon them. 

Except ecclcaiiistical buildings, where their merits have indeed 
received the fullest reuoguitiou, there are none which arc more 
oondrmatory of tbe views exprcsscil in tho foi-egoing remarks 
than some of the large mills aud mauufncturies lliat have been 
•rected during tlie last fuw years in and around many of our 
principal towns. Built though they be of the plainest and moiit 
•dbstantial materials, and as devoid of nil expeusive and elsbo- 
rateorDAmentas is consisient with their practical character, Uiey 
kevertheleas present features which command tho highest nd- 
mirnii'-u. There is a really grand mill near Wigau, In Lancashire, 
whu'h I never pass with inililfereuce, where colourfed bricks have 
served the purposes of its designer well. They de6uu its main 
proportions: they maintain its leading lines; they give variety 
to ita long tiat walla; ihey ci.mfer impurtatice upon its almost 
conutlefs ofwnings; and tliuy diH|K>fle themselves so as to create 
bold, rich, aud most efTective details ; in short, they do all that 
ooluui-t'd bricks ought Ut do, and nothing more. Thi<f estinisbte 
work hiis uoL bei*ii produced without a cireful and studied ap- 
pitcution of the true principles of design. With all its attractive- 
uesa, It is evident thst its cost has not been overlooked. While 
every feature performs, and faithfully performs tbe duties assigned 
Co il, tliere is uo appe;tranoe of Invishness or unnecessnry 
profusion. Brain has done more fur it than money ; the designers 
head, and not his employer's excbe<^uer, has honouied the 
fauavy dmtts which have beeu made on its account. It may be 
oi^vil that the vast dimensious of the building, the unbroken 
cbarni'tor of its leading lines, the regidarily of its openings and 
wall ipiiceH, nod tbe simplicity of its rcquirementa in matters of 
detail and eruament, all help to save It from the mistnkea snd 
i noon gnii ties which deface the "villa residence" in its vicinity. 
Tilts miiy be the case, f« r it cannot be denied th.-it in snme 
rvfepecis It poASfiuies advantages sujwrior to those of its humbler 
luriuhboii- ; but the fju:t cannot be doubted that, b»d the same 
abiUty and knowledge been brnnght to bear upon both works, 
ibeti estimable qualities would not have been so widely different, 



nor would they have been regarded with such unequal feelings 
of re«(ject. 

We hnve now considered the application of coloured bricks 
to two classes of bolldingH — to sniall domestic boildings, and 
to large mauu&ctories. They have been salected from many 
others because they represent two extremes; tho first being tho 
exponent of the worst, aiitl tlie second of the best results pro- 
ducible by the introduction of positive colour for tbe porpoae of 
ardiitectural enrichmcnL It were useless, on an occasion like 
the present, to do more than to specify a few of the character- 
istics of each of these classes, aud to direct attention to the 
means which have been employed to destroy all tbe attributes 
of beauty in one, aud to couSrm and multiply them in the other. 
To take into cuusideration all Uie other classes in which culonred 
bricks have lately be«:u made to perform m prominent a part 
would bo simply impossible ; but before concluding I may bo 
altotvedto refer to one, not purely architectural, but of groat 
aud ever-iucreuisiug importance, and <leserviug uf tbe best oon- 
sideratiuo of those to whom it must ever be most interesting. 
It need hardly be said that we refer to railway buildings^ 
viaducts, bridffes, and principnl stations, which are of great size, 
i)f regular aoa expressive outline, and generally conntrncted of 
boKI aud simple materials. These characteristics present unusual 
facilities fur obtaining etfective decoration by the employment of 
the economical means which coloured bricks supniy, and it is 
much to be regretted that these means bave 00 aelaom beeu em* 
ploysid. Much might be aaid of Uia indifference which so rnnny 
of our leading engineers faitvQ shown in all matters relating to 
the fpsthetical portion of their works; if they prove satisfuctoty 
in solidity and structure, their attractiveuess, or rather its con- 
trary, Is totally iliaregardeil. A large contractor once remarked 
that lie prefciTed undertaking work under an engineer rather 
than under an architect, because the fui-mer offonled more profit 
and less troublesome detail. This craving for proAt ii not peculiar 
to contractors, aud has more to do with the deforming procesa 
umler which oar great capital is at present suffering, than 
ignorance of the means by which it might be avoided, or at 
least mitigated. If engineers and arcliitccts worke^I together npon 
the designs, which are confided to thecait'of the formeronly — 
and certainly their gigsntic proportions justify such a combina- 
tion of effort — there would be fewer of those iiicongmous com- 
binations and offences to good taste, which increase in number 
aud importance diy by day. 



THE EXHIBITION OF PICTURKS, SKETCHES, &&, 
BY THE L.\TE DAVID ROBERTS, aA. 

It is difficult to aay whether the decease of David Roberts is 
a greater loss to the artistic than the architcctuml world. He 
hud become, during a long and active life, closely ideDti6ed with 
both, nod was unquestionably one of the few men who knew how 
to combine in his productions true and consiateut outlines with 
the skilful haodling of the bmab. Half a century of induatr}- 
has, perhaps, never been applied in this field with more success, 
and the enormous namb«r of sketches aud pictures which that 
period of time represents, is a proof of the versatility of his 
talflut«>, and of his intense devutedness to his ait. He was a 
selfmade man, naturally etraiuhtforward aud honest In his bear- 
ing and actions ; he preserved the character to the last, and it 
procured him invariable respect, while the geniality of bis dis- 

f^siiiun rendered him a welcome addition to every drcle. lu 
is early years he had pursued a far less ambitious depart- 
ment of art— that of sceue-pji inter, aud to Uie results of this 
tmiiiitig luay be traced that ttxtraorilinary |Kiwer of dashing tn 
grand "elTecta" npon often the mo«L scanty groundwork, which 
was one of tbe peculiar charncterisitics of the roan. No more con- 
clusive evidence of this could be affordcl than ts displayed lu the 
vast collection of bis sketcbeeaud studies for pictures which are 
now on view at the Conduit-street Cialleries. To slate that the 
walls and .several screens are entirely filled with these ia saying 
but little ; tbe interest and value of the aeries consists In its 
raii^terly cttmpletenes« and variety ; and it is a matter of congra- 
tulation for tbe profesHion, that such works as iheea (as were 
those uf the late E'rctfrhSor Cr>ekervU < arc now aocessiblr for Inepec- 
tion in our architectural gallery. A descriptive nulice of the 
othor collection just mentioned apt>eared at the time in our 
Jiuirnal for December, I8A>% and we now profKUe t>> point out 
soiuu of tbe prominent features uf Uis present series. 

13 
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Tbcreare ioallBTSwork^ in oil, water-colours, pencil tknd etch- 
ing, aud tlie Kutijccle huve beeD gteuned 'from EDgland, ScotLuid, 
Belt^um, France, Itnly, Genuauv, Spain Riid iMorocw. EKyp^ Syria, 
&c. In t.hp -Kuni gallery will bu found, amung tlio oil akotclies, 
tti0 on^'inal sttutioa for many of his most celebrnted picinres, 
«hil« soma of tbeso are executed with n care almo4C eqoal lo his 
more professedly finished 'works. Id thia room we wijuld eape- 
ciiilly note the view of Antwerp Cathedral (10), the stately form 
of which m superbly rendered, and with an atmoaphsric truthful- 
nesa not oftea ntlnined. So, also, there is a fine stady of another 
church at Antwerp, the altar in the Church of St. Jacques ':tO), 
also two other interior views uf the same building (43, 4-t), which 
give a complete cnnc^ption of ihia famouA e^liSoe. St. Peter's, 
at Home, furmeil the aobject of numcruUB pictures, which will be 
remembered on the walls of the Academy, and here we see 
sevenU of the first stuilies. It was a btild atLHUipt to grapfile 
with so grand a scheme, but the arliat waa signaflv succeuifut, 
and the pains be bestowed may be readily conceived by exnoiin- 
ing the elaborate preliminary sketches in (3M, 3Sa). But, per- 
haps, more uotibte Btill ia the rendering of the Colosseum, 
both internally aud czterually. Tbe vastness, grandeur, aud 
simplicity of this ruin are iuet 8uit«d to Mr. Roberts* style of 
handling, and be has treated it with consutiimnto skill in several 
delineations. There are a few other oil pictures of note, which 
were taken on the Continent, aud a portion of an interesting 
■eries, which had occupied him of Iat« years, on our own River 
Thames, bat which it is needless to particularise beyond insii^t- 
ing something of a comparison between the character of his work 
at tbe differeut periods of his life ; tbeso latter l^iug moiitly ex- 
prened by merely a few dashes of the bninh, aiming at etfect only, 
vithout the slightest protensiuu to ouiltuo or detail. 

In tbe (jreat gallery, however, will be found tbe chief attrac- 
tions uf thia exhibition, consisting of "drawings and sketches," 
chieOy in water-colours, and including the vast nnrvc«l which ho 
gathered during his travels iu the Ewt iu lB;iS-;>. The subjects 
obtained in this tour were afterwards litho^aphed by his friend 
Mr. Luois Elaghc, and puhtishcd in tbe well-known work entitled 
*' Roberts' Sketches in the Holy Land, Syria, and Kgypt," tho 
pablloatiou of wliteh comroence<i in 1842, and occupied seven 
years in its completion. The impreasion which these sketches 
made when they were exhibited on h's return was surprising, 
but not more than was warranted by their iotriusic merits. The 
ground bad been but little explored previously, aud by no one 
better ipintified to acize on its cbaracteriatic features, or reproduce 
^em more faithfaUy and expreaaively. 

Mr. Roberts* facile penotl was never better employwl ^an 
in protlaciog this series of views, and so rapidly did he work 
that the memorauda of <lates at tbe foot of many of them show 
that he frequently uia<1e more than oue finished drawing, of tbe 
largest size, aud crowded with detail, In a day. Of this collec- 
tion, those made in Egypt are, probably, on the whole, the most 
interesting ; and were we called on to single out any 8]>ecial ones 
from among these, we sliould certainly fix ou the " Thebes," 
ropeeiiJIy the statuoeof Menmou [86), "Luxor" (19!^), showing 
the great entranse to the temple — a grand picture; the "Gate 
of Met/iwala," at Cairo " (247), curious Tor its banded aud striped 
walla; the two fine sketches of the Great Hall at Karuac (379, 
S79}, and the exquisitely drawn buried temple at Edfoa (280). 
The solemn "Temple at Philas " (327), called »Pbaraoh*a Bed," 
is a familiar soeue, so are tbe **%»hini " and the " Pyramids," 
80 ably given in (344) and (349). The inipresaive grandeur of aU 
these is striking in the highest degree, though the same remark 
will apply with more or leas force to all the Egyptian soenea. 
Of othettf, iuteripereed among these, the following are deserving 
of notice; — two illustrations of the Iloly Sepulchre at Jem- 
aalem (93, 132), showing the Oreek Chapel, and the Chapel of 
Calvary ; Es Sooon (99), tbe ancient Syoue— a charming sea- 
view ; tbe Basilica of St. Ct^nstautiue at Bethlehem (Ho); an 
interior view of the " Church of the Couvout of St. Cnlberinu, 
Sioal ;" Nazarath (141) — a wondoi-ful study of colour and drapery ; 
Cairo (MB), with its carious Moorish arch to the doorway of 
Sultan HaosAu's mosque ; the glorinua *' Smaller Temple at 
Bsatbec" (164), aud its elabomle doorway to a larger scale 
(244), of wbiob a slighter sketch is given in (259) ; the four views 
of the "Temple of Jupitei," also at Baalbec; aud the fancifully 
rich pulpit (1 70) at St. L6, Normandy. 

It was after U>e publiattiou of his sketches in tbe Cast that he 
lefl EugLind, iu 1840, for Paris, Holland, and Belgium, and in 
the following year he mode a second visit to the last of these couu- 



tries. Some of the fruits of these joomeya are also now hefora 
na, the most noteworthy, |)erha|iB, being the haxty but telling 
interpretutioDs of the ancient hotela-ile-vttle, LouvAin and Ghent 
in particular; a still larger cnilfrtion of view.q <tf west frfnitsaod 
portals of cathe<lmla, sneh as thonf^ of Houen and Abbsville ; also 
similar portluna cf the Churehtra of 6i. Macou and Nottc Dame, 
Roiieo, and of Notre D[\mc, Paris, Ac Besides these, the pic- 
turesque timber domestic etruclures of these provinces were not 
overlooked ; and he treasured a valnabls aeries, fntm Normandy ' 
in particular, viz., at St. Ld (531, 689), Dieppe (676), aud Abbe- 
ville (5*»4). 

Tbe tour in Spain and Morooco had already been accomplished 
in the years 1833-3 ; and it resulted iu a series of lithographs:, 
publiahcl in 1^37. A copious selection from the originals will 
be found on theae walls. 

Mr. Roburts visited Italy in 1851, for the first time, returning 
Ijy way of Vienna ; and bis *' academy" pictures of St. Stephen's 
Church in that city, are among bis mt'wt cflebratvd wt>rka. A 
free stody for one of Ibese will be reooifnised in (093!). In iSAZ 
he again visiteil Italy, in compauy with Lnnia and Charlea 
Haghe, and his industry tbrough<nit appears to have been sur- 
prising. Rome, Milan, Pisa, Venice, Naples, Pnelum, Verona, 
and many more pfacss, were the scene of his pleasorabU' labuun, 
which embraced every variety of aubject^ wbile the fidelity of 
his pencil iu accurately defining every salient feature i^^ amply 
home out by a comparisou of these sketcliea with more pro- 
fessedly elaliorale drawings of tbe iwnie from other soorces. 

To his native Scotland he usually paid a visit annually, adding 
to his portfolio of sketches ; and he '^nce commence<l a series of 
etrhingg, intended to illustrate the monastic anliquitie)) uf that 
country. Tlieae were never completed or poblisbMlr but proofs 
will be found iu tlio present cjllection. Among tbe water- 
colours may be especially singled out various charming views of 
Edinburgh, both as it was and as it is ; the sketches from Msl- 
roae, Elgin, Stirling, and Olasgow— most of tbcm fnnuliar sdIh 
jecta, hut here trente^i with peculiar skill. So, again, we have, 
m a very few tenches, in (47.'j), a very truthful rendering of tbe 
efilgy monument to Alexander Stuart, son of Robert 11. : and, in 
(4^), an eqiuilly effective version of ilie well-known interior of 
Roslyn Chapel. 

Of sketches lumie in England there arc eomparntively few, and 
the majority of these arc from London itself. It is remarkable that 
the first sceticB he painted for Drury I^ane Theatre, in 1822, were 
"Old St. Piuil's,''»ud "St. Paul's as it is," and that the Utter 
was tho Hubjt'ci of the last picture he ever painted on. Bnt, 
besides LoaJuu. there ar«> tnany gleaniDgs from tbe suburbs, ^d 
from the banks of the Tbames; upon which latter he was con- 
tinually eugnged duriug the suinm< rs of l&flb3. Tbrottghout 
Lis lift! bf ki'pt copious journals, in which are iucludea pea 
sketches of all his nicturen as ihey left his studio, A volume of 
tbe jouruat, and alw some of bis pocket sketch-books, will be 
seen in gliiss cases in the exhibition room. 

The deueaae of Mr. Kobertd was quite sudden, from an attack 
of apoplexy, which occurred on the 2^th of November in last 
year. His ago was 68. 



THE B&C0N3TRCCTI0N OF MALAHIDE VIADUCT.* 

By WiLLULH AVDEBSUH, C.E. 

{H^tth on Enyraxring). 

A vr.'\ hundretl yards from Malabide station the Dublin and 
Dnighrdft lijiilway crosses an estnary or bay, partly on an em- 
bankment and partly by means of a viaduct 377 feet long. At 
the original construction of the line, this viaduct was built of 
timber, in eleven spans, 52 feet each. The geneiTil arrangement 
of this structure Is illnstraie.!, Plate V., Fig. 1. Tho Dbstruclion 
to tbe free flow of tbe tide, pi-esenlrtl by tbe embankment, caused 
a very powerful current to ruuh throuL'b the bridgp, and it waa 
very soon found that tho soil into which the piles were driven 
was rapidly wiishin;^ away, and the bridge settling down in cou- 
sequence. To arrest this evil, large quantities of stone were from 
time to time shot into tbe stream, till a bank was formed^ 
averaging !:») feot broad, by 30 feet high, extending in con- 
tinuation of the embankment, right across the tide-nray (shown 
iu t-lg. 2.) By this means, and also by constantly packing up 

* Vtm tke TrmssftcUoui of ibo CHll gstfa — is of Irgtaod. 
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th« nuU in aome pbcea tn noarly tfarer feet, the vindact wan 
mart' to do ltd datj till tlte veiir IH69, when, tenuus kigus of 
demy beconitnK nppAreat, the liirectnrs ordered their eu^iaeer, 
Mr. Marciu Hartv, to |>re[>iir« [tluiiH fur the ra-oaoitructinn uf 
th« bridge. A« t^iii was & work preeenling some eofriueeriiig 
Hifficnlti^ And involving a latge ouilar, deaigoi were iil»n 
«tjuinei4 fnttn some KoifltMh eofnneen of oote, bat noiie of thetu 
b»via^ been tidnpitKl, it is uuDeovMary to DOtice them any furilier. 
In ammj^iog the de«igu f->r a uew ruuluot, three thiu^ had to 
be maiiilT oDiuidered; let — the tuaioteiiance of the trntfio during 
the execuiiua of the works; 'iad — the widest poMiblt) tidewuy ; 
and 3nl — the DiLMt durable material. The nrsl aod seooad cou- 
gidenuii<a]i. tngHlher wiili the rtiUttve awt of the eapei structure 
and pivra, decided the uiiiulMn- aud luujfth uf Hpaiia, for tlieac hail 
to be eo arrnugvd thnt the piers might be cnnstructod and the 
nevpnters Uid wilhnut eutUn^Hiig Uie old fuuudatinua, while 
the onlfr iu which the new structure should be erected was <le- 
t«trmiii««t with reference to the leuit obatructioD of water-way. 
It voiih) appear, at 6r«t sieht, that the easiest plan would have 
been to takedown one-half of the old bridge first, build the Dew 
piers on the site uf the old ooes, and oomplnte the euperstructare 
of one line; by tliis meaua mncb complication inarmnginK the 
tra*Be, and all lUoi^r of obstroettug the water-way would \ms 
aroide<l. tint it was feared that the old piers could not be 
disturbed with safety ; that the hold of the piles is the ground 
WM wn uacertain, thnt any disturbanoe of tbe stODes might loneen 
the pile* to a diinijeroug extent, and, consequently, any wnrka 
peKormed on one-half the piera would seriously endanger the 
other. The new piers were, therefore, placed in the water-ways, 
as ahown by drawtuf^ in Fig. 1; the 6rsC three spans of the 
bridge were completed— first for the down and then for tbe up 
road— all the old work taken down, and the new water-waye 
eleftred and levBllwl; the increased facility for the flow of tide 
thus obtAioed would eimble four more piors to be built, the down 
Hue over them oomnkted, then tbe up line; the old work agnin 
rem'ivt^I, and, Hualiy, the remaining piers and supei*structure 
Uid in. 

A» rrganls materials, Mr. Harty proposed two plans: Is*— 
«toDtf piers supporciDgf eaat iron fni^)er«, 26 feet span, with brick 
arches tarned between then, and the road laid In ballast; and 
Snd— atone pienf, supporting wrougHt-iron beams, i2 feet spau, 
with tbe roadway laid on tlie top ot them, on timber sheeting in 
thaoMal nuuiner. The very niucb gruaier liability uf wrought 
over east iron to corroaion from the etfect of sea-wnter, was very 
atnkinply exhibited in theold bridge, where tbe bulte and strain 
aecvriug the wood-work were deeply eaten away, even where the 
■uHaee showed a good coat of paint, while the cast iron socketa 
and sbora, though nnpainted, were almost free from ruat. This 
ifrct induced Mr. Harty to reooaunend the first plan, but the 
'Og prvjudioe which exists avainst the uae of cast-iron ia 
kttBaitom where Csilara might lead to most disastrous oou- 
■wayod the directom to adopt the wronght-imn 
anMmraetare. 

The Grat thing done, waa tn prepare nine light travelling cranes. 
They wwe very iugeutously nud rheaply extemporised, by 
eourerling pairs of old eogiao wlieels into tum-tabiuti, fixing 
I them on the Ixxly of an ordiDary ballaat waggon, and arranging 

i Iheiu a woiKleu framework and jib, carrying an ordinary 
eootmctor'a crab. At the same time stones for tbe piers were 
being iteliveretl at the Dublin terminus, and as tlie wason wae 
•dvaiicing towards spring, and no time was to lie lost, six or seven 
quarries wore laid under contribution; 1703 tons of stone in all 
-Vere worked up — cnip for tbe rubble masuury, and limestone for 
oopingi. The dressing of the ntoiien waa all ilone at the Dubiiu 
terminuv: the piers being actually built np dry, the stones marked, 
transf>orteJ Ui the briilge, and the piers again built up dry, but 
tamed bottom up, alongside the line, on the embankment close to 
rioduct. The working drawings of the iron-work were aUo 
out; tenders were invit«d from a few firms in Ireland and 

ighind, and the contract ultimately given to Mesare. Courtney, 
^tepbt-nK, and Company, the lirm wi b which the author is 

iiueoitfd. There was no contractor for any othsr |iatt of tbe 
; it was all executed under Mr. Ilarty's fiersomd superinten- 
i0a', a great portion, however, wiu done by piece-work as will 
preseitlly appear. 

As si^oQ aa the various prepamtiuna wore sufficiently ailvaneed, 
the works on the bridge commenoed in March 18GU, by carefully 
stnighteaing and levelling the roails t» the exact lines they were 
lo occupy in the new structure. Switches were laid in at both 



ends of the bridge to tarD Uie traffic at pleasure to either line; 
signals were erecceil near the poiutderecs for tbe gaid.ince of the 
traiua, tbe approach of which waa notified, as siK^n as ihey came 
iu sight, by ihn ringing of a bell tixed on the uiiiidle of the bridgv. 
(Jver the site of each new [uer u crosa-roml was laid, proji-cliii^ 
sudiciently f:ir over tbe water on each side to admit of a anue 
standing clear of paasing trains. The rails of tbe main line were 
iiickeil out tn allow the tlange& of crane wheels to clear ; itud, oa 
tlie sheeting over tbe new piers ba«l to be remuvud, tbe miuu tine 
miln, where they happened not to be over the wooilen bcaiua of 
the old britlge, were utreugtbeued by boltiug short pieces of rail 
under them. Seven workmen's hau were extemp»riiunl out of 
tliir<l clfus carriages ; while the engineer took good care of bim- 
aulf iu a snug ufBoe, built vn tbe north abutment, in tbe cxslellittcd 
style, tastefully deooratod with coal tar. A siding was Intd ou 
the north embankment for the pilot engine, which remained in 
attendance throughout the work. Two boata and a boatman 
were pmvule«l, the lntt«r stationed so aa to be iu readiness V* 
render aasistauce in case i if accident to tbe men, and lifebuoys 
were placed ou the briilge for tbe same purpose. In spite uf eveiy 
precnutinn, however, the antbor grieves to reconl that one of hte 
lueu fell into the tideway, was swept away by the resiatlvee 
current and drowned; bin body was nut recovered for a fortnight. 
The rmh of water under tbe bridge was at times awful. Some 
idea of its force cuay be formed, when it is statetl that a dikui 
composed of about 4 tone of SO lb. rails, boltt-il together to form u 
boom, with stones and soda among them, was washed away ou 
the night of May 4tb. Tbe enda of some uf the raile may evsu 
now bo seen, »o tightly jammed nmcng tbe stones and rocka, as to 
resist every available mcAtts of recovering them. 

Before dencribiug the metliod of constructing the piers, it is 
necessary to mention that tbe bank of stonee, thrown in to support 
the bridge, was assumed to be ample support for the now work, 
nothing more being required than to consolidate and level tl,e 
base of tbe pier. A reference to Fig. 1 and Fig. :2, will show 
that the pitching thrown in to support tbe old bridgu bad boeu 
piletl ruunil the \Kute of tbe piers, forming thus two aides of a dam; 
the tide fell away very rapidly from the east side of bridge, which, 
therefore, reijuired no dam, and it renmneil only t«> ari-Mst tho 
shallow but rapid stream which was caonatl by tlie ilisehitrce of 
the pent-up waters of the estuary. This was done at tir^t oy a 
dam of sods, kept down by raiU and stones, but after tbe accident 
already described, the following (dan was aitopted. On tbe west 
aide of the tide- way to bu dommtxl, a curved track was cleared at 
low water, the wnds reatiug ou tbe pitching round the old pierS| 
nud the convex side tarn^ against the pressure of tbe bay; a 
wall of sods waa then built up in the tmck, and securely pitched 
with tttunus on Utb faces, the form of tbe aides tui<.l lop beiD|{ 
such as to impede tlte flow of the water as little as possible, wheu 
onoe the tide ruse too high for continuing the works. This dam 
was, ai\er all, only a very imperfect protection, as tbe water 
found iu way tbrongh the loose stones in every direction, so that 
all the foundations were laid under water. In preparing the site 
of tho piers two plana were adopted. At Gr^t the loose stones 
were removed, to form a level bed at tbe proper depth, about Ifi 
inches b^low the geoeraJ surface, and the edges of the hole thus 
formed were built round with stones, sot ou edge witbouieemeut, 
the work being all under water; thespaoe was then filled in with 
shivers mixeil with iron-taminga to concrete tht-ni, the whole 
beiug rammed down, aa lou^ as any yielding could be jH-rceived, 
by lui'auH of a ■'i cwL block of iron. To prevent tlie ram splashinu 
into the water, a biyer of stonea was bud on tbe top of the real 
formation, and removed after tho ramming was complete. Later 
on, however, this method was modified in favour of large flagsy 
laid some 7 inches below the bottom of ashlar, and rammed down 
as befoi*« through atones temporarily filled in on them; the 
liuilding of the edgiw with pitching was also liisoonttnued until 
after the brst courses had been set. As soon as a 6nu .-uid levsl 
biHo was obtained, a framework of old raild (sbowu in Fig. 3), 
U-irig (he contour of tbu Uiae of the pier, was Uid down, and when 
niljiisted nt the proper level ou a few blocks of stone, tbe inter- 
tuediaie spaces were carefully packed with flat stones all along 
under tlte rails* and the interior «|kicu filled iu level with their 
upper tUces, a grouting of cement buiug aometimeu poured in if 
tbe state uf tbe water p<.-rmitted iU 

On tbin toundaiiuu the first course of ashlar was laid, and the 
pier carried up very mpidly, tho intones buttig taken down from 
their places iu the pier on the bank, run ou to tbe bridge in a baud 
lorry, and lowered very rapidly by two cnmes, one working cd 
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tlic oro»>roe(] itod one on the blocked-up mun lin». Low»e« 
rere at first trieU fur Hltnfpng the atoiief, but aub«eqiieDtly 
'ban<lt>aeiJ for coromou chfiiii liouka, wliich nnswered ci)ually well. 
fedina cement (NiDc-elms) wiu umiJ fur the work Ret io water^ 
or when the work would very quickly bo oorered by the tide, and 
Rntnan or Portland for the rest The pien ore remnrkaltle for 
haviuz no plumbing quoina of any kind; tbey were built froio 
centre lines stretched from a vertical post erected a few f<^i 
beyond the cut-wators of each pier. Templates were made for 
ench conrae, as the batter was id from every side, the correct 
poiulion of e:ich in the length of pier being given by a standard 
length from the guide poleii. Stone pitehiuif was carefully packed 
all round the new pit-r, to euard it a^ much as possible from the 
violence of the correot. After the eld bridge had been removed 
he vater-ways were carefully levelled, the giuQ iu tideway being 
hlbout 3f> per cent. 

Tlie first stone of the firnt pier was btid April 14th, l&CO, that 
of the eleven til, on SffpteniWr lilth. 1660; about twt-lve days elaps- 
ing lietween the coinmencemeni of each pier. Daring this time^ 
however, a great deal of the old bridge was removed, and some 
caanaUiea occured, as for instance, the dam of No. 2 pier failed on 
May 4th, as already described, and on the 8th of the same month 
the increased rush of water, occiftioned by ohstrnctiog the first 
three waler-waya, cnnMxl a breach iu tin; tifth, which ttK)k 70 tons 
of atones to repiiir; and ou September 17th the dam of No. U 
pier cave way. Theio w:ij aljto delay of about a month from Uio 
^iu.ibilily of the contract'irs to get the iron-work for the first 
hree s)iati8 reaily tn time; so that on the whole it will bu 
Emitted that the woik was done with very creditable rapidity, 
iDniuly due to Mr. Harty's admirable arrangement^ gi-eat 
forethought, and unwearied personal exertions. It should also 
fw remembered that all the works bad to be arrested for the 
pfumge of every tiniu, and that a great deal of the laborious 
work was done during tlic two buurs or so of low water. The 
aliutuienls were originally built of stone, and very little alteratiou 
in thr-m was oeoessary. The coat of the rock ashlar, dressed at 
the torminna, ready for boilding into the piers, was 14^. per 
cubitf fuut, the same stone delivurud, drcsseil, from the quirry, 
13-)</. per foot cube, and it was found that 10-7 cubic feet of 
dressed stone wan procured from a ton of rough; the real weight 
of the atone bein^ i:\^ cube feet to the ton. The cotii of trans- 
porting stone, building piers dry, twice over, and finally setting 
the work in its place, could not be kept aeparutely, as from the 
nature of the case it was performcil tn broken time. The watermea 
did their work by the piece, the following being the ooet of 
founding each pier:— ■Removing dam from Task pier; dauminz 
west end of old arch and maininiuing the same; filing and 
discharging stones and sods for dum, from quarry; sinking old 
walurway for foondalions of new piers; setting flags to near th© 
plTiper level, and guide-ixist Htonee; covering flogs with stone 
shivers nud gravul mixed with irnn turnings; ramming down 
flags with -j-cwt. ram; removing shivers and stones, and helping 
to *et up guide pnsrs; getting down rails, levelling and ceuiring 
them accurately; fi-igging among them in shivfi-i and in>u- 
turuiugs to level of railti; attending to masons to llie completion 
of first course of ashlar on rails; packing uiultfr outer e<ige of 
Mhlnr base; packing round pier and east npr^u; lofiding bt^ittom 
(•» pitching; au<l slo^w of .iprou; londing and discharging all stone 
required from quarry, .£lA. Bending rails t*i form of cutwaters, 
and securing them to form of foundation; drilling and nvetting 
to plates at ends; and 4 fish raila and 2 cro»^ rails near centre, 
each £3. Culling mils for a cross cmne nrnd over each new 
pier — crossing, square, the up and down main lines; cutting flange 
ffajH in main lines, and 8 plates to go under them, including 
drilling, &c., £\ lOf. When the railx of main line were 
ttnsuppnricd, and made beams of, per rail, 2$. Gd. The two upper 
couraex of the piers were of cut limestone, into which the cast-iron 
wall-plntes for the lie.ims to lest on were sunk. As the new piera 
had to be built in the wnlt-r ways, it fnllowa that, if the rvgular 
spaces were preserved, the end spaces would have to be either J, 
or 1| times the old ones; but, as so great a ditference would have 
been inconv^oiuui, the first and last piers wure placed so as to 
divi.le n spnoe and a h.ilf into two; the new viaduct ooDSsqueutly 
consists or 8 spans of ft2 feet, and 4 sjians, 4<> fr. S^ in. 

The depth of the lirger beams is '■' ft. 6^ in. between the 
intersection of the lniii<^e bars, or nearly ono-fourieentli itf the 
clear span, the pier^ being 3 feet thick at top. The shorter U>ama 
are re<luced in depth, in proportii-u to their length, so that in 
both the number of lattice bars is the same. £acn span is com- 



1 toalOowt. 


a 





I 


10 


1 





s 





23 






posed of six beams connected together by horizontal and Terlic*! 
crosvbmdug; four beams being immediately under the mils of the 
two rmwls, and two beams under the handrails. LoDgitiidinallr, 
tbe heama are connected rigidly ou every alternate pier, restine 
imniovnhle upon it, vhile the remaining piers arc provided with 
ei|Ktiision rollers, (Tifpt- ft, 9, 10,) the upper flinges of the faeaiu* 
being merely held iu position, laterally, by a juggle Mcored to 
one beam only. In order to avoid expf>sing a lar|{e sur&oB to tbe 
action of tbe spray and sen air, the flanges of the beams sr* 
made as narrow and thick as ponsible, while the lattice bora in 
compression are made of thick bar iron instead of the more 
advantageous section of T, L, or channel iron. In ailvlition t»> 
the amount of material necessary to meet the strain, ^-inch 
thickDoas all over is added to tbe roadway beams, to eoiupensato 
for corrosion: the outer beams under naiidraiU are, in othe 
resfiectA, of the same strength, in order to secure protection 
carriages getting off the rails. 
The load on one of tbe larger road beams is thus estimated ; — 

Pitch nine plsalring, 4 inch thick . 

Gmvsl stroved over same 

Rails and slocpen 

Diagonal cron brsoing 

Bea^ ..... 

PuHiug Load, 4 t<m per foot 

Total. 37 

Thirty-Bcveu tons, uniformly distributed, being rather more ' 
than i-ton to a foot run, and for this load the strength of the 
flanges ia adjusted: while to moot tbe contingency of an engincL 
niuning on a very narrow base, with undidy loaded drivjnjp 
wheels, tbe diagonal bracing is further strengthened to sttstnin t 
concentrated load of fi tons trnvviling over the beam. 

The shorter beams are similarly calculated to carry 28 tonfll 
each, with a concentrated load of 4 tons additional ou the Intticea»| 
(tigs. 6, 7, S.) The flanges of the beams ore composed of pairs j 
of uneqoal-sided angle-itYina, with their deep sides between which 
the lattice bars are secured vertical; the necessary sectional areas 
being made ap by piles of plates, decreasing in Dumber from 
the centre towards the ends. 

{To in eenfHteerf.) 



New Safety Light for Coai Afinet. — MM. Dnmas and Benoit 
biive been making some experiments in the French collieries on 
the application of electricity as an illuminating power in "fiery" 
ooal-mines. Volljiic electricity has been profwsed ou several 
occHJiuDs, as a menus of giving light to the collier in dangerous 
pliiot's; but, under the oi^inary conditions, it has not heenfoand 
practicable to emplcy it. Dumas and Benoit propose to apply, i 
Rhumkorfi^s coil machine and Geiaalei-'s tubes; to use, inde«d«| 
those tubes, with their beautiful auroral light, as a miner's lamp, ' 
The tube, it ia now generally known, i» filled with some highly 
rarefied f^^ and platinum wires are hermetically sealed into lhft.„ 
ends. Uheu the discharges from a Hbamkorfi^s coil appon^W^ 
are possnl through this tube it becomea filled with a mild diffiuiv 
light, which Uists as l<-<ng as the discharges psaa through the j 
fietl medium. This light is onacoompanted by heat; it cannol,^ 
therefore, under any circamatancos, explode tbe fire-damp of our 
cunl-mioes. This new "safety lamp" oonsipta essentially of* 
cylindrical zinc vtusvl about inches high and 4 inches iu dia- 
meter, which enckiaesn porous vessel holding a cylinder of cnrboo. 
A solution of the biuhronmU; of potash is placed in the porou 
coll, and dilute sulphuric acid mthout it. This battery ia secure. ^ 
by a wooden cover, which is, by means of india-rubbvr packing, 
ntatle to fit closely. Then there are a Ubumkorff'ji c(dl and con- 
deuxer, and a Geiisler's tube. This tube is arranged into a ooutj 
cftl coil, so that II large surface of light is sccoreil within a sm« 
space. The objection to this will be the cund>rouB ch.u-.HCter ( 
the machine and its adjuncts. Duuiss and Benoit think th< 
have niiswervd this objection by the very ingenious amugeuieiiS 
which they have secured. It is stftted that the weiglit of tlrt 
gluHcase does nut exceed two pounds, nud that uf the other parti 
of the apparatus hot more than twelve pounds. The Inwiitute ij 
France has givtn the inventors a prize of UlOO francs fur thq 
ingenuity of their plan. Siuue trials hare been made in the'i 
Newcastle oolli»ries. The objection raised by the miners is, that ] 
the light is a ** glimmer"— uot a atetuly illuminatloo. 
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LECTURES ON ARCHtTECTUBE AT THE EOYAL 

ACADKMY* 

Bj Stdnby SuiKtrx. 

DinnBSiya now nU further reference to tlie subject of omn* 
meotal detnil, I woald lomewbat eolar^e llie »pbero of nty 
olMWAttotiii, Aud iticgeal for your coosiilenitiau the intervst 
that luny be given to buildings of itniAll esteot, or of uuiuipor- 
taut ehaneter, by the aptilicatiuii of l)>c rules of goud Art to their 
dMign. Bnuty and even dignity arc suroly cnpivblo of btins 
imnrvMei) tipoo h baildiug, althnugh it may waut prestige of 
snhility io its origtu, aud altboui;]! it may Iny nu claim to tttc 
doubtful iitcrit of mere bulkiiit-HH. I wuuld bo careful to (cuanl 
myself from beiug supponed to advocate any ntt«riipt at giving 
an inonliiiale, or undue, imptirtaiice to trifling works: what I 
would fMJn ui-g» on you in, that they may be uiadu to interest ns, 
and even to exctt« our admiration, without auy attempt being 
made to stilt them up to a level with great works. The baail 
of the rtal artist can never pass undetected. 

It has been saiil of Virgil's rustic swains, such was the nntuml 
grace with which he seemed to invest them, that they npiiean-d 
to perforui the humbltist aud contmoneat tasks of rustic life with 
the diguity of gentlemen. So, perbape, we may aay with truth 
that baitdings, even of the very least importance, may be raised 
high iu our esteem by the artistic treatment of tbeni. 

It would be easy to iiniltiply to any cit«nt examples of this 
kappy effect resulting from the judicious exercise of taste on 
Oiinor works of architecture; nod to illustrate the dogma that I 
would press upon your attention, that objects of architectural 
daaign do not derive their value so much from their tutrinaic 
tmportADce as from the quality of art beit-iwed upon them. 

Take, r>r instance, the frtno mndote, n peculiarly English feature 
which well deserves our regard and attention. Ttioiigh so cheer- 
ful and pleasant a featuro in dwi.tliiig-hou8e8, it was, perhaps, in 
it* origin, designed not only for light and prospect, but also ns 
conducive to wearily in troublous times, as a lookiog-out place, 
glviug a wider area for obdervation than would be afforded by 
an ortlinary window. We aee the idea of a bow window c-sriieil 
ont, although soincwlmt timidly, in the Border castles of the 
North. 

Subsequently, howe%'er, io Todor times, when castles began to 
loae their frowning character, indicating a greater sieiiMe of se- 
curity, aud adesire tu rvuder home not only a place of refuge aud 
defence, but also, to some extent, of domestic enjoyment, we 
then find them, as at Berkeley Castle, Keuitworth, and many 
other examples, assuming tliat particular character which aftcr- 
wanle became one of the i>rinci]Kil attractions of an old English 
maneioD. Itideed, we are juslltied, I think, in claiming this 
Agreeable architectural feature as ptculiaH}/ English. 

Bow-windows, DO doubt, occur, in some form or other, iu 
Tarions parla of the Continent ; scarcely even, perhaps, in Italy ; 
oot very commonly in France; but iu Cermauy tfome types of 
th« bow-window are, I admit, common euongh. At Nuremberg, 
(hat great mine of picturesque architectorv which every archi- 
tectural student shouUl visit and study, some imrticulnrty beituU- 
ful examples occur. Still there is a m.-iuifcst local character that 
distinguishes all these German examples from the genuine old 
KogUflh manner of designing them. Tlie Germans nevM' appear 
Io nave so eutirsly deptirteiJ from tlie ancient (.rollnc type, as we 
find to have tteen the case iu Kugliali dtuut'stic hulldinga. 

Their bow-windows are apt to look wore like perforated 
towers thitu with us ; and there seems to have Iwen retained a 
■pedal dispoditioD to place them at the angltt of tbetr houses, as 
if covertly intendeil to eommand the sides of the building, as the 
bMtiou of a fortification commands the curtain. Our Tudor 
bow-windows, on the contrary, seem more designed for interior 
doroeatic enjoyment. As Bacon sa^'s of them, ''These be pretty 
places fur a cvnfercnco," and it is certainly obvious that our an- 
esatora, in building these bowa, were for more bent on providing 
mauM for the pleasant occupation of a room than on producing 
any oraacicutnl exterior elTecU It is true, they are almost always 
extremely picturt-aqtiv, and never fall to coutiibute Io the beauty 
uf tha building of which they form a part; but this only tends 
to wore what on former occaaions I have repeatedly urged, that 
i« oeiJgD, whatever is pecnlisrly fit »nd proper for its individual 
porpose rarelv fails to be agte^^ntle in its npiiearanoe. 

Whdst dwelling on those autoidiunte |)artaof a building whirb 
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the genius of arttats has lored to endow wiili especial beavtr, t 
must not forget to do justice to the chimney-shan. Out of these 
trivial and nncleanly amoke-ronts architects have taxed their 
ingenuity to profluce really marvellous objects of high icsthetic 
Tsloe. Of elutrieal interest they can scarcely be said to possess 
any, for it is very doablfal whether architects of clsssic timea 
recognised the existence of such a feature. Vitrovius docs not 
even nam* them. The reraaioB of Hercolanenm present not a 
single example of one; nor do the mosaics, frescoes, or bas-reliefs 
of antiquity show any indicatiou of one, as far as I know. There 
is every reason to believe that the only means of escape for the 
snmke of their (ires was thrcngh a hole in the roof, like the 
loDvrea of Medineval times: so that the "smoke naisance" we 
complain of at the present day may lay claim to high antiquity. 
The very name of tho Inrgc hall in a Roman's house, atrium, u 
believed to be deriveil from this nuisance. "Jtrum enim erat ejr 
Jumo** The statues iu these halls are described by Juvenal and 
others as *'/amo*i," and Vitruvius advises tliat there aliall be 
110 carved work in the iulerior of winter rooms, as they so aoon, 
as he aaj-s, get covered with soot. I apprehend that the roof 
timbers of our old baronial halts moat have pi-esented much of 
the same appearance; aud as Horace complains of the "watery 
eyes" protloced by the smoky halls, so our own mailed knights 
and their retainers could hardly have been belter off. Yon will 
find that antiquaries are by no means satisfied as to the period 
of the introduction i>f this great domestic convenience, the chim- 
ney ; hot it was somewhat late in Medieval times before chimneys 
becHme very common. Violtot-Ic-Duc gives us iu his "Diction- 
naire Kaisounrf" a good example uf one of the thirteenth century, 
formerly exiiitin^ in ihs Abbey of St I^, and in England we hare 
examples of still earlier date ; but as civilisation advanced, and 
men's domestic habits rcSned, the chimney becnrae oonspicnoul. 
They lavished art upon the decoration of the hearths below; 
wliiUt the chimney above partook of the tuinie feeling, and both 
gradually grew into favorite objects of design, until, m the six- 
teenth century, the exuberance of architecture, — especially, I 
think, in France,—]^ to the erection of those enormous and 
elaborate towers which we see proviiletl for the disi'harge of 
smoke at Poulainebleau, the Tuileries, and very many other 
places. 

The hypercritic may ask, why clothe these subordinate features 
■with thedignity of art ? Why bring ont into so great importance 
and couspicuousncss objecta which hare so mean a ukc 1 Tha 
artist, I apprehend, will rejoin — why not ? Wby (.hould we 
not give to these chimneys any amount of beauty aud expression 
that such objects, trivial though they may be. can be made 
susceptible of, provided we do so bouestly, and keeping within 
the limit of good sense t To give to a chimoey-^haft the air of 
an embattlea turret, with loophole and crcnellation, would be a 
falsity and an outrage on that good sense to which all things in 
art should be amenable; aud indeeil, to make them appear to be 
anything but what they are would be a fault uf which I should 
be ashamed here to defend or extenuate. But that it should be 
oooaidured unworthy of the dignity of art to descend to the 
adoniment of even a chimney-shaft, by beauty of proportion, aa 
well as of detail, merely beatosc it is an object subservient to a 
very bumble pnrpoee, is what I feel bound to deny. 

At all events, let not the architect think that he ran afford to 
tfight any portion of his inventionH. " De minimis haud nintt 
Prator" may possibly be a sound maxim in law.— and even tliat 
T apprehend admits of a doubt, — but the arts of decign nie sub- 
ject to a far milder, less severe rule; and, I i-e|iiiil it, an atchi- 
teet cannot adopt such a rule of conduct without abandoniiig a 
part of bis plainest duties, and at the same time abandoning a 
jarc;e and fruitful field for the exercise of such genius as he may 
be endowed with. 1 have now urged this principle uiioo you by 
referring to various min<r details of architfcturr. It would be 
eaj^ to greatly extend the nuniWr of similar illustratious, but 
perhaps we should profit more by enlarging the scope of our 
observations, aud by showing how the same principle applies to 
the designing of whole huihlings as well as of thfir details. I 
would wish Tou to consider that buildings of small dimenaiona, 
and appropriated to subordinate and even very fusigniticaut pur> 
puaea, may yet be made plcnsing aud iuteresting obieds by a 
jadioioQs application of the resovrcea of art. But before en- 
deavouring to enforce this opinion by special illustrations, let ma 
assure yuu that I am by no means about to lead yuu into that 
vulgar error of which wo see so many evidences constantly 
prejteoted to our view, of that misapplication of art which con- 
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«i»ta of Ioa<ling siniill biiildinga dcatioed for humble porpoBoa, 
with exceaaivc or obtrusive docomtiou. On the ooutrarv, that 
U a practice againat which I would ilroDgly protoat Id like 
manner, I would waru you agaiont aoolber error commoDtuougb, 
had perhaps all the more daugeroas ou that accouot, of giviug, 
or attemptiug to give, Co tho«e stuidler bntlrlings, a etiaractgr that 
Iwloogs to oth(^r more irDport.iDt works. To denigD a gate lodge 
so S3 to represi-nt some cluaoicnl tvinplc or to deck out a tav4.'ru, 
or a ahop-front, as if it were a temple of Osiris ou a small scale, 
tl^ese are vulgar habits which I beg of you to avoid, as repugnaot 
to good sense, and dei-ogatory to your art. No delicacy of tJuiah, 
no exactness of i-cproseutatioD, no oicoUenco of execution, will 
CompcDsate for so great a riolation of propriety. Indeed, this 
disraganl of Uie appropriatfTwt of style — this atubitiouij aiisump- 
tiou of dignity, lucuiupiilible with the Bi/.c as well as with the 
character of the building, uever fails to briog on tiie work, and 
ou its author, the ooudemoatiooj and perhaps the ridicule of 
sound critics. 

However, na I have already said, ver/ trivia! buildings f.re 
capable of beauty and expres^iou, that beauty not being sought 
in excessive or loappropnnte decorattoo, and that expression not 
being enforced by resort to theatriad or obtrusive artJBoes. The 
idea which it may be desii-able to expreu should be delicat ly 
binteJ at^ rather than forced ou the obaer\-er. Perhaps I may 
best illustrate the principle that I am endeavouring to pi-eaent to 
you by bytxithetical cuses. Suppose, for instance, that a bailitTs 
or a ganieKccjier's lodge has to tw built, in one of those orna- 
mcnbal and )>icturcsfjuo parks witli which Knglish acctiery is so 
often graced. One ambitious architect will overlay his oniameats 
upon it from plinth to roof; bis ridges will be bristled with a 
luxuriant creating ; his walls will be speekleit over with bricks 
of nil manner of cvloars; be wilt give it perhaps two or three 
I'ery pertdooking gables; his bow-windowa and porch will pre- 
sent a complete t>torebouse of crockets and corbels: tali chimney- 
shnfls will of course not be wanting elaborated af^er the types 
of Hat livid or Kiiowle ; in short, there will be a whole world of 
art witbtu the com[>asa of ibis nutshell. Another nrt:!i)tect, 
whilst be gives to his work that careful and even polishes! aspect 
that is demantled by the genius of the place, will yet keep it 
subiinlinnte and unobtinisive. Ue will not force it upon yrur 
notice, but i-athor would Let you i>rrceive it amidst a bcconiing 
veil of foHuge: like the modest rural bolle of Virgil, she is retiring, 
but not unwilling to be admired :— 

** Fugit od ulU)M, It it copit viU Tideii.** 

His work will present uothing to your view either ambitious or 
sordid. Ornament will uot be wanting, but it will be sparingly 
used RUil *uitahle in character. There will bo olcgauce, but 
n total absence of cstenLiiious oruameniation. In both these 
supposed cases there mny he hcauticn, but in tlio one cnsa there 
ia an iooongruous dispUy uf tliciu ; in the other case, its beuulies 
are but modestly disclosed, and have to be sought for in order to 
be duly appreciated. Which, I ask you, nf these two meu's 
works would best deserve the name of jifne art ? 

It is, I fear, a deplurable fact that the present day is ilis- 
tincuiahcd by far too great a prevalence of the evil taatc lo which 
I advert, ^^sthetic cultivation has cot kept pace with the ac- 
cumulation of the means of indulgence in the luxuries of taste. 
I believe that many ail architect finds himself, contrary to his 
belter judguietit, cuusti-aiued to work down to the level of Ids 
Iiatrons, and ereois unsightly examples of misplaced finery to 
meet the exigencies of such patrons, wbilHt he is conscious of 
higher and worthier .ispiralious. I am treading, however, on 
hftunlous gronudj, and must proceed no further. I wilt, thore- 
fore, at onct* diimisd the subject, merely ^marking that, how- 
ever improvable may be the tine-art education of my pmlession, 
uo improvement would bo so productive of good, and none so 
needed, as an improvement iu the knowledi;e aiul appruciation 
of the art outside the profcasiou. But for the eidightened per- 
cepllnn of thn lirauliful iu a Periclee — and, indeed, m the Greek 
culture generally — Gi-cece, perhaps, would ne%-er have had a 
Phidias. Jt was the anJent love of ai t, and the variiL-st study of 
it, 10 Lorcnxo di Medici, to which may be juaily attribntcd that 
memorable school which gave ua Michutaugelu and all the other 
glories of his age 

1 have observed on the capacity of eveo very small buildings 
for beauty and expi-ession, without that resort to exceMsive de- 
corative detail which is supjmsed by some to be so essential. 
Examples in eudless variety might be adduced iu veriBcatiou of 



this opinion. The oottAges that remain to us of the sixteenth 
and seventeenth centuries have often a roost pleasing character, 
contrasting paiufully with the ordinary coltago of the present day. 
Nutwithslaudiiig the simplicity of design and the apparent ab- 
sence of sit effort at "elFuct," there Is yet a play and variety uf 
form, and breadth of light and shadow, which will produce, by 
chaoce, as it were, a moat picturesque object ; and this desirable 
result, let me add, will be often found to be brought about with- 
out a single merc'y omnmeutal adjunct. WIk-u these humble 
yet pleasing structures hap)>en to occur beside a cottage of the 
ordinary type of tbe preseut day, it is impossible uot to admit 
that in matters of taste, at all events, the world makes very slow 

Erogress, if it be not retrograde. The utilitarian spirit seems to 
ave completely extinguinlied the feeling that prompted the cot- 
tage builders of former limes; so extinguished, iuilcvtl, Uiat the 
rash man that would venture to insinuate a doubt whether we 
might not derive valuable lessons from these very uupreteuding 
works uf our simple forefathers would probably meet with far 
more derision than syni) athy. 

Do not suppose tliat I am not alive to tbe verjr important im- 
provemoDts that liave been made of late years, in the domestic 
arrangement of coitage^. It would be a gross injustice lo many 
able and beuevoleat men wlio have laboured in the good cause 
of bettering the material condition of the humbler dosses, wer* 
I to deny that great success has attended those efforts ; thera is 
not a doubt that the interior economy of cotlAges has been 
wonderfullv improved, and that tbe health of thtir occupants,*] 
IhiUi moral and physiuul, has beEU greatly promuteil by those 
improvements; nur do I hesitate to admit that these are con- 
Fiiilamtions which have a far higher chum on our attention than 
llie merely picture8<iiie cnnsideratiyji which I have been noticing, 
sud to which it is jwrhaps my duty here to confine myselt My 
object in toticliing at aXX upon the utilitarian view of the subject 
is to anggeat to you, as artUts, uot that the first place is to be 
giveu to artistic excellence tn these humble productions, but 
that art should not be altogether overlooked iu them; and lo 
urge Qpou you the duty which, as it seems lo mc, devolves on all 
who love their art, to study seriously and carefully how to 
recoucile and adopt the high qualities of beauty and expression 
to the sevei-er virtues of convenience anil heullniness. 

At tlie risk of being chai^ged with extending my remarks 
on this cotUgG architecture to an unreasonable length, t am 
strongly tempted to point out the fertile source of profitable study 
to be derived from the critical observations of the villas and 
other rural buildingH that so often meet the eye of the obsc'rvant' 
artist who wandei-s over ibe campagua of that land of art, Italy. 
Tliey are for tbe moat part the works of former and better times, 
and illustrate forcibly Iho picturesque tendencies of the Italian 
miud. Hvery group of tlif«e unoetentalious structures that we 
meet with is apt to arrange Itself agreeably, and to become in 
itself a picture, attractive I o the painter's eye and inviting Lis 
ixfocil. They are not tricked up exhibitions of arlistic cox- 
combry; not thealrical displays, "smellitig of the lamp," and 
betraying the vanity and vulgarity of their authors; but their 
charm lies in the unall'ected grouping togctlier of tlicir very simple^, 
forms, pleasing us by iheecciiirn/a/beauty of the result. It may b^A 
dilHcult to explain the cause of the ple:isure wliich these rustic 
bnildiu^rM produce oii the mind of tbe wanderer who has leisure 
and inciiuation to seek benefit from a contemplation of them., 
The ple^i-sure derived from ibis exercise of the eye is to be felt. \ 
but nob described, Hud will perhaps best be realised by those 
who will take tbe trouble to compare these examples with build- 
ings of like nature usually erected by ourselves nt the preseut 
day, and in our own truly utilitariau country, from the con- 
templation of which ws usually derive aiiyihing but satisfaction. , 
I must not detain you longer with these reflections. I might i 
readily draw ample illustration from the works of the gieat' 
painters of the Keuaissauco and later periods. I can assure you 
that even the arcfiittcturat siudent who, in search of the pic- 
turesque in his own donartnieiil of art, will oxnniiuo tlie works ' 
of the groat masters of the sixteenth uud seventeeuth centuries, ' 
will not fait to 6nd the delicate perception of beauty which su 
greatly distinguished the Italian mind, emiueutly manifestiur 
itself in the backgrounds and subordinate |>ortiou8 of the refined 
compositious of that golden period of art. 

Now, when endeavouring to enlist your interest, on behalf of 
these minor objects of picturesque aruhiteoture, it may seem in- 
excusable that X should pass by without recognition, the almost 
proverbially attractive form and features of ihe Swiss chalets; 
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"bot ihty sre objeetc so familiar to all, that we n«ed not be de- 
tjuneii by aoy special rofereoce to th«iQ, except to point to theu 
as a most obvious illuatratiou of what I have been nrgitig on 
you, uatnely, that in these smaller woras of art, those will as- 
•luvlly |>Ie&»e the critical eye the mtwit, which sccit to give 
pleasure, urjt by muItitudtaouB enrich raou in, but by au agreeable 
oatiine and chiaroscuro. The singular cbarra of those plain 
wooden tenenenta oonaisbi in thf^lr hre^dth ami Rimplicity, in 
the unaffected riutic beauty which |>articutarly churact«risea the 
6«ia« ch&leL 

It is lime to close these desultory reranrka on small metters. 
Let me aum up in few wonU the perhaps not safficieutly marked 
or steady aim of all the observations with which I have been 
•olieltiDg your attention this evcniog, I would not have you 
daipiae small objects of deaiga. Never regani it as beneath you, 
nor beneath the real dignity of your art, to pay even minute 
attentimi to every object, however unobtrusive; for there ia in 
designing nothing to which true art may not be applied with 
adTaotage. It ia the slovenly neglect of iliese detaiU which ood- 
tributes, more than almost anything else, to make a design crnJe 
auid BOmetimeM even vulgar. 

Some may bedispoaeii to regniid such inattention as a noble 
indifference to trivial matters, and as an evidence of true ;,'eniuH ; 
bat must we not rather look on this defect aa a proof uf the very 
narrow and finite range of haman capacity 1 

Lonk, Hs I have ouen rejwated iu fomi«>r lectures, to what 
Nature does, and no true disciple of art will ever think that he 
oao too carefully punue that study. Iu the works of nature we 
ahall find, in the veriest trifle of organised life, — the tiny moth's 
wing, the fly's foot, even the dead leaf that is drifted as an utter- 
ly worthless thing before the wind, — that there is no less careful 
adherence to Nature's laws, no less thoughtful a<iaptation of 
■Deans to the end, than in the most stupendoua works of the 
enation ; and yet we shall find that over all these minute though 
not less noticeable manifestations of Divine power and wisdom, 
there has been extemlcd an all-pervading spirit of grace and 
beauty, a manifestatiou which should prompt the ai-tist to follow 
humbly yet zealously the example thus set, and never to relax 
his best endeavours to endue hiu works, whatever they may be, 
with such touches of thoM heaven-bora qualities as may be 
within the reach of hia ability. 



METHOD OF BUILDINQ UNDER WATER* 
Br JoHH Moffat, C.E. 

{WUk am EAjfraring.) 

Quay walls are the principal objects of subaqueous construction ; 
uid theAe have liiiherto been made of wooden or iron framing, or 
ofstoiieor brick masonry. In the former case they depeudfur their 
stability chiefly on the strength given by cohesion, and iu the latter 
QU that afforded by thcii- weight. The security and durability of 
mosonrv, as compared with any dcdcription of framing, iu every 
kind of harbour cnn&tniction, are so great, that It would be 
invariably adopted, woru it nut fur the consideration of time and 
exMnae, A pier can always be maile of wood or iron much 

?[aieker and eheaper than of atone; aud on this account they are 
requeatly resoited to in caMu where the time or the mouev at 
the disposal of the engineer render the superior Btruc'turo 
ouattaiuable. 

About ten years ago I had an extension of the outer qwiy and 
bra&kwater at Ardroasan Harbour to execute, which had to be 
completed in one sammer, and for a limited sum. All the works 
at that harbour have hitherto been executed in stone, except a 
small pier of timber, which, though cheap at first, turned out in 
the long mu to bo the dearest work we had, on account of ita 
being diestroyed by the Teredo ttavcJis iu about ten years. We 
had also found that cast-irou in corrixlcd so rapidlv, as to render 
an iron structure nearly aa objectionable aa a wooden one. And 
I was tiius indooeil to turn uiy attention, to devising a plan for 
executing the building in masonry, within the limits assigned to 
me. Aud I succeeded in doing so, by the plan whioJi I sliail now 
proceed to describe. 

In a stone pier, the portion which consumed most time and 
money, is that under low water. Hitherto this portion has been 
built in separate niasaea in woodeu caissons, and floated to ita 
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position when completed, the sides of the cusson being disengaged 
when the mass of masonry had been sot. Or it has oeen formed 
entirely of lai-ge squared ashlar, dropped into its place by means 
of water lewin, t>r set by means of the diving bell. At Ardrossna 
the tniuionry under water has been built eutirely of ashlar, set 
partly in the firet way, and portly in the second. Where set by 
the water lewis, the stones are laid so that the beds are not 
horizontal, but at an angle of 'IA^ After the first row of stones 
has been laid, and which must be done with very great care, the 
remainder are loweredsoas to catch the upper edge of the inclined 
bed, and are slipped along it until they reach their position, when 
the lewis is disengaged iu the usual way. Where set by the 
diving bell, the courses are horizontal, aud form a solid mass of 
ashlar of the ordinary oonsLructiou. 

I found by calculation that with the pUut at my command, I 
could not complete the extension, by either of these methods, in 
less than two seasons, and that the cost would exceed the xum at 
my disposal. It then occurred to me, that I could attain my end 
by forming the masonr}* under low water of large hollow masses 
of brickwork, constructed iu the graving dock, and floated to their 
position in the quay, after reaching which tUey oould be tiltetl 
with concrete. And on trial I found that this plan could be 
easily carried out, and furnished a method of submarine masonry 
much cheaper and quicker than any I had yet tried. 

The average depth at low water was nearly 20 foet; and t 
levelled out the foundation, and laid three courses of ashlar with 
tbs diving bell in the usual wav, so that the upper bed was about 
la fe«t from low water. The liollow brick masaea were made 15 
feet long, I5.feet deep, and 11 feet thick. The bottoms were of 
cast iron platen ^ iueli Uiick, sti-engthened with prtjecting feathen 
along the edges. The walls wore 20 inches thick, formed of large 
bricks 20 inches long, 10 inches broad, and A inches thick, «et 
iu Komao ooment, and strengthened by horizontal strips of hoop 
iron laid along the courses. When finished thev were nearly 
watertight, and their specific gravity was a Httfe leas than aea 
water. They wore floated to their positions by being attached 
to one of the harbour puattt, set at low water, and th<-u tilled 
with concrete. The ends were formed wltli nltemale wdient aud 
i»-ent*;riug angles, so as to lock iuto each otiier. The wall above 
low water was bnilt of nshl.^r and rubble in the tuual way; and 
the work was finished in a satisfiicton- and substiiuttal manner 
in the summer of 18^6. The length of the pier was fully 300 feet, 
the average breadth 70 feet, and the cost was under .£lO,OnO. 
The averape coat of the brick masonry under low water was 7d. 
per cubic foot, or about one half the cost of solid ashlar. 

The work has now stood for nine years exposed to a rough sea 
and a heavy traffic, and is aa perfect aa when completed. Four 
years ago, I had occasion to cut down the masonry to low water, 
lu aitlcr to erect a 20-ton steam crane, which I constructed on 
tlie top of one of the brick masses aa a foundation; aud I found 
it theu to be in the same couditiou as when set. 

I had recently occasion to extend nuother of the qnay walls, iu 
water about 10 feet deepat low water; and thisexten^iun Iresolved 
to construct in a similar way to the previous one, but ia a eheaper 
manner. The bottoms were made of wood instead of iron, and 
the bricks were of two siees, at the ordinary price, instead of the 
large size previously used, which coat nearly twice as much. I 
originally made the brick masses only 15 feet long, trom a fear 
that larger sizes would be nnmanageable. But having found them 
to be very easily handled, I reiwlved to make them on this 
occaaiuu double tlic length, or about 30 feet lung. 

This extension was aUo •luccessfully constructed in a very 
short time; and the drawings ou the wall are intended to show 
the construction in detail. From the ground pLiu it will be seen 
that the extension ia abimt 110 feet long, 35 feet broad, aud the 
walls 27 feet deep. The bottoms of the brick masses, which 
varied in length from 29 to 33 feet, were formed of a light 
wooden framing, formed of two beams of yellow pine !» incTies 
s^juare, to which was spiked a platform of 3 inch white pine 
battens. These were caulked so as to be watertight, and set on 
four logs on the bottom of the graving dock, as a foundation on 
which the brick caissons were to bo built. The outer walU were 
formed of common bricks uf two sixes^the one 1>^ inches lung, 
4| inches broad, and 3^ inches thick; and the other 13 inches 
long, 6^ inches broad, and 3^ inches thick. Tliese weiv laid iu 
alternate ooursea — th« small bricks tn one courae, and the lar^e 
ones in auotlier header and stretcher alternately, so aa to give 
proper bond. The outer walls were thus 20 inches thick .\ll 
roundi and the front and back walla were connected by three 



cross walls oro brick thick. The whole wu uii in Boaum 
ceiuent^ &Dd atrcugthcDed with hoop iron hud along the bed of 
the courae3. Tbe weight wm adjasled, »o that when 6Di8hed 
ther Qoatcd, with the lop about oue fout above Che surfac« of ibe 
water, 

The aizfi was determined by the length of the logs fi-om which 
the loogitudinal timbers of the bottoms were cut. For thtse I 
telectcd 1(^ varyiDg from 29 to 33 ftvl toug. aud oearl; IS 
inches sqaiLn, which were out ioto four timbers, the full length 
of the log, BO as to avoid any waste. Tbe average aize of the 
ouasoDS waa 32 feet loug, 13 feet deep, and 10 feet thick. When 
the brickwork was finiehed, a sDiall b<;nm of timber was laid aloog 
the top, and connected with th« bottom by means of two loug 
bolts of wrought iron 2 inches iu diameter. The water was then 
let into the graviug dock, the brick masses or caissoDS were 
floated, oud attachetf to the diving-bell barge, or to a crane pniit, 
And towed to the place where they were to be set. They could 
be raised about 4 inches above the line of flotation by means of 
the crane on tlie punt, and weroaDsftended at this level above llie 
bottom, by means of tbe long bolts above described, until they 
were brought to their exact position in the work, wh^n thtty 
wore at once lowere<l on to the bottom, and filled with concrete. 
When they wer« set in their plnces, the top beam and bolts by 
which they were suspended were removed and used again. The 
concrete used to fill them was formed with a mixture of good 
hydnulio mortar and cement, and large gravel, in theprof^ortion 
of i of the mortar to 2 of gravel, which 1 fouu<l to act iu a short 
time into a very hard compact mass. All the brick caisaoos were 
of an ohlong form, with square ends, except the closing oue 
acroas the end of the qnny, which was farmed with i^uiuWd 
comers to a radius of I'i feet. I fcuud that forming the ends 
with salient and re-entering angles caused a good deal of trouble 
both iu building and setting, and wna of very little use. 

These oporntiODB were all carried on without the slightest 
difliculty. As a proof of which, I may mentiou tliat on one 
occasion [ built four of the caissons in the graving dock at once, 
and floated them into their places in two tides, thua completing 
128 feet of wall in twenty-four hoars. When the brickwork wm 
flntshed the masonry waa beaun on the top, and completed with 
a facing of ashlar and a backing of rubble in tlie usual wny; and 
the space between the walls waa titled in with stones. 

Tbe cost of the work was .flSSI, or ^51 pwr rnnaing yni-d, 
being lees than the cost of open timber piling, which wou]il have 
been greatly inferior both in efficiency' and durability. The cost 
uf Llie portiou under low water whs id. per cubic lout, concrete 
included. 

I may mention that I am at present constructing another wall 
ia a siuiilar way, and that I bare made some of the brick caiesonit 
even larger than I liave stated. Uut from what I have seen, I 
thiuk that about 40 feet long is the largest size which admits of 
their being easily handled. 

Of course the possession of a graving dock offers great facilities 
for the ocnstruction of these floating masses of brickwork. Rut 
tlier« is nothing to prevent them from being boUt on the beach 
in sheltered places by tide-work, and floated off at high water 
when finished; or they may bo constructed on the grouud above 
the level of high water, and launched on slip-ways like a ship, 

Rt/ermcts to PlaU VI. 

Fig. 1. Elevation of pior. I Fig. i. Loogitudinal section. 

FJg. 2. Crosi'ioction of pitr. | Fig. S. Ground plan of pier. 

Vtg. 3. Ground plan of caisson. | 



I>r. BlacqooBH Rxnkinr said that he had seen the pier Mr. 
Moffat niferreit to, and also some of the caissons while in progress, 
and could testify that thenimieof construction was moat efficient, 

Mr. Moffat said that tho bottom waa prepaTod with the 
diving-bell in the ustial way. The first pier would barely have 
been finislied in two anromers by the ordinary mode of con- 
struction; but by using the IS fcot caissons it was done in one 
summer. The other one only t<x)k three months; whereas, with 
the use of the diving bell there would have been more than twice 
that time spent ou it. He bad built a nier in Fife, of the usual 
construction, lor the laic Mr. Buird of BHe, which was about 60 
feet longer and not so deep as that at Aniroeaun, and it ooat 
between ^OOOO and X9000. 



By It PncNH SriKRs. 

Thb subject of my paper is oue which has not occupied Uia' 
attention of the Association duriuc uiy recolloction; and J estem ' 
mytielf especially fnrlnnaif iu having the opportunity of intro- 
ducing it, because I remember I looked forward to no portion of 
my route in Ituly with greater interest tltau that which should 
indode Pompeii and llerculaneura. And I am inclined to 
believe that the same feeling iuflnences us all; and that, not only 
with a view to any prvctical hints in archlteotore or decoration 
which one might derive from it, as from the simple fact of being 
able to visit a city hidden from the sight of man for nearly 
seventeen ccutaries, and exhumed — as it wore, roetored almoet 
to its orignnl state, in all its pristine hue of form and colour. It 
seemed nUnost a dream or fairy-tnle to imagme tliat vm could 
wander through the anmo atreete, look upon tbe same temples and 
monuments, enter the snmedoorwayH,and tread on the pavement 
of the same honses, as tboAe who hod lived 1800 years ago; and 
that all Uieir features should be in the same ooudilion ns they 
were then. Generally the discovery of a wnll, a gateway, tower* 
or temple, ts looked upon with thrilling interest, and many are 
the learned dissertations as to their origin or original use. 
Here, in Bngland, the finding of some ruin (now devastated by 
time and age, tliough still more by the destructive hand of man) 
constitutes one of llie greatest pleasures that can be afforded us 
and should it date back five or six centuries, it ts looketl upon 
with the greatest reepeoi, when we rfjneoilwr tlie length of time 
that has eUpwd since the stniien composing it were quarried, 
carved, and placed in their respective positions; and be it uncouth 
in the extreme, its age renders it sacred in our eyes, and »e 
regard it with vcnomtion, if not with admiration. What, then, 
shall we say when we are able to look at buildings — nay, a whole 
city — Itearing no traces of modem reetorntion and beautifying, 
not the nnoiiutlt works of a barbaric age, but of a profile far more 
elevated in the artistic scale than we are at the present day, — 
with a greater instinctive knowledge of form and colour, aud with 
a gi-eater power of displaying it in the different materials iu which 
they worked i 

Being the first time that this eubjert has been brought lwfi«ra 
the Association, I shall do riclit, I think, to give you a general 
description of the city and the chief chnrncterisiics of its 
architecture, decoration, and paintings, reserving sjwcial accuunu 
of newly-excavated portions for some future occasion, vhext, 
after visiting the ruins a second time, 1 shall be better able to 
do so. 

The ancient town of Pompeii was situate on the volcanic rocks 
of the Campania; ita south and west walls washed by the 
sea; ita east wall bounded by the river Sarao, which was Ihea 
navigable for a short distance above ita mouth. Though Seneca 
mentions it as a oelehrated city, little is known about ita early 
history. Its origin Is generally ascribed to the Oscana, and ita 
name is suppo«e<l to have been derived from tlw Greek word 
r'M'oo, signifying "storehouses." 

From ita great richness, the country soems to have had the 
peculiar property of enervating thoee who settle<l there, rendering 
them an easy prey to invaders, who, enervatecl in their turn, 
gave place to M>me sterner enemy. Heuc« it was poeeessM 
successively by the Oscana, the Ausonea (both these of Pelasgio 
extraction), Cumcans (or Etruscans), Samuites, and Campaniana; 
these latter, in a second attack by the Samuites, th rew them«lTes 
under the protection of Itorae, about 360 ac, and then sank 
down into one of the dependencies of that emnire. About 91 
H.C. they revolted, and then a colony was sent down from Rome 
to cultivate tbeir territory and keep them in complete obedience. 

In A.D. 63 a violent earthquake shook the city to its founda- 
tion, causing it to be almost anandoned for some months, at the 
end of which time the inhabitautfl gradually reappeared, and set 
to work to repair Uie damages done and nbuild the shattered 
edifices. 

In A.n. 7fl the great eruption occurred which covered Pompen 
with showers of ashes and aooriie, hiding it from sight, and thus 
preaeiving the greater portion of it more or lees complete for our 
study and a<lmiratiou. Herculoneum, situate at the foot of the 
mountain, was covei-ed also witli aahea and Bcorla; but tbe vast 
volumes of steam sent np by the volcano caused the deposit 
of these ashes in a liquid stale, which solidifying became as hard 
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Aod compact as Iata; so that tbe excA\tittooi of thi« Uttor town are 
tacr* c]iffieuit to make, specially a» aabscquent eruptions hiiva 
jiraduaUy poured their Inva oTer the towQ, which is dow fouud 
al ft depth of 7fi feet Iwlow the present surface of the gi-onod. 
Thew tnbsequent eruptions \\nve been &lmoat the eniiu) of 
Pompeii's remaining more or less intact; for tlie inhabitAOta 
returned rigain after the bnrinl nf their citj to ^eArch for its 
InvDres: and woalj ppolmbly hiive .s<itLled there up to this preaeDt 
daj (u at I^ortici And liOAiniL. Imiltovcr Herculnneum, Aflereftcb 
saooenire eruptinn). As ninnjr m eij^ht succeovive layers, some 
of lara, have bceu counted over Pnnt)i«ii, -iiid it is only the lover 
one, vhich Sntt buried the town, that has been disturbed. This 
ar«»UDt9 for the ftct thnt so few articles of intrinsic value, such 
u jewels and monej, huve been preserved. Pompeii i-emaiDe<l 
boHed for oeaHr teveoteeD centuriea, nod it is singular that 
Dorofuiro Font?ino, a celebrated architect, wlio ia 1502 was 
«ijplor<*<! to brini? the water of the Ssrno ncross the city to tbe 
town of Torre dell' Auunzinta, and who in the coarse of the 
work must often have encountered the foundstlona of ancient 
boiMiug^. should not have had his curioaiLv awakened as to their 
origin; in fact, the city was entirely lost till I74H, when a 
eoantryman sinking a well discover<Hl a pointed chamber, with 
■tataes and other objects of aotifiuity. Thitt braoglit the 
»tt«ntion to it of tbe lung, Charles 1 1 1., and in 1 7^ the works of 
9Xcavatioa oommeooed, which have contiuued up to the present 
time, more or len slowly; so thnt after a t.tpee of 120 years, 
probably not wore than one-third of the city has been excavated. 

Before the laying down of the railway, the visitor ^nerallv 
•ntered Pompeii by the street of tombs; and a more fitting entry 
lo the dnolate and etopty city could Tiot bo well afforded. The 
street rines as it appronches the walls, and ia lined on each side 
by A series of tombs, some of great magnificence, it being a 
Rntnnn custom to bury the dead not in cemeteries or spaces set 
apart for tI1.^t p'irpose, but along the princinaJ and most frequented 
rtwds leading from the town; thus the via Appio, at Rome, is 
fringed on either side with tombs, for upwnnli of 13 miles away 
from tbe city. The Romnos. [\s yon .are aware, bumctl their 
dead, and then, collecting the iifthe», placed them in small jars or 
urns (tlie crigin of those frightful features in our modern 
ehtirches and cerctcrics) : thifsc were deposited in vaults, in the 
w»lla of which were siuaU niches resembling pigeon-holes, for 
which these vaults have acquired the name of columbaria. The 
tombs r(;i)!cint for tJie most part of a small altir, either square, 
oblong, or circuLir in plan, raised on two or tbire steps, the 
whole cnrried by a pedestil or podinm (in the interior of which 
WM the vaulted chamber), and a small inclosure with low wall 
arnuod. 

The upper portion, or altar, of these tombs, wsb generally in 
white marble, with bas-reliefs and inscripiionsoo them recording 
the virtues aud exploits of those buried )>eueath. The podium 
WH ID masonry, ornamented with stucco decorations, and some- 
times pnluted. Near the city cate are some tombs of larger size, 
one of the priestess Mammin, built in stuccoeil masonry ulonied 
with columns, tlie walls of the interior covered with arabesane 
work: two large exedra or seraidreular ■eats id stoue, and a 
bemicycie or bi^fs niche very richly decorated, are still in very 
good preservation. In this street of tombs are also one or two 
villas or suburK-in residences; of one of which, the "Villa of 
Dionede," I shall have a word to say farther on. 

Tb« walls surrounding the town have boon traced throughout 
their whole extent, so that the size of tbe city is known. They 
are not more ihaa two miles in length; and tliO space enclosed, 
About ICO acres, is of the form of an egg. at the apex or 
•mailer end of which is the amphithi-'ntre. The walls were of 
gnat soliditv and width. They bad a double parapet and 
Umet, the latter about U feet wide, sufSrient to admit of two 
ijuuiots passing abreost. It was carried by two walls, the outer 
one with a slif^t batter, 26 feet in height," the inn«r wall about 
40fMt,abd occasional flights of stefw on tbe city ai<le to admit of 
•a^ access on to the terraces. Tlie walls are built of large blocks 
«f Tolouiio tnfa and travertine in hori»>ntal courses with inclined 
JMiits; and on some of the stoups are fouud Oflcnn inscriptirms, so 
' tlLU these dat« probably from tbe foundation of ihe city. Square 
towen are placed at intervals alone the -n-alls. The battlements 
MfiD to be of later dat«, being built in that kind of work called 
apva inetrtum. the mbble worK of the ancients. 

There are eight enlmuce gaten to the city, 6v« of which are 
■wre ruinii; of the thrw laliei^, thegateof Hercnlaneum, ilirou|ih 
vbifih we enter the street of tombs, is the most perfect It is in 



Roman architecture, built in alternate courses of brick and lava, 
and conaista of a central archway, 14 ft. G in. wide, ond two side 
ones for foot passengers, 4 ft. 6 in. wide eoob, these latter 
vanlted throughout their whole length. The central pueage, of 
which the arch is gouc, seems to have had an open space in tbe 
centre, so that the enemy who had already forced the portcullis 
might be attacked from above whilst endeavouring to foroe th« 
second door which swung on pivots. The height of the arch ia 
calculateil at 20 fe«t. 

Outside the gate was a niched tomb, long taken for a 
sentry-box, from the fact that the skeleton of a soldier, in 
the usual accoutrement and arms, gr^uipinga lance, was found in 
il — instanced as a proof of the uxoellent and praiseworthy 
discipline of the Komau soldier, who remained £uthfa] to his duly 
to the hut. 

The streets are for the most part straight, and run at right 
angles to one another Tbey are not wide, many of them not 
admittiug of the passage of more than one chariot at a time; and 
pnibably these were not much used, takiag into account the email 
extent of the city (only three-quarters of a iiiLIe in length, and half- 
a-mile in width), though the deeply worn ruts in tbe stones would 
seem to indicate the eoiUrary. 

The nmdway ia composed of huge polygonal masses of lava, 
from 9 indies to 18 inches in diameter, and a inches in depth, 
closely fitted together. Thestones were worked iu a wedge shape, 
so that they spanned the roadway like a vault, oooh stone it- 
sembliog the voussoirf f hu arch. All the streets have pavementa 
for fooL-iuuoengers, even thoM wbei« chariots could not pass, 
conusting of curb-atonen of Uva, with the pavement composed of 
bits of marble and stone, set in cement, the whole nibbed flat. 
In places were the curb-siones have broken awny, they have boea 
cramped together with iron. These foot-parenients are elevated 
sometimes more than a foot above the roadway. It is supposed 
that the later, in times of raia (which fulls very heavily in those 
countries), becomes n kind of sewer, as all the streets are slightly 
inclined one way nr the other; and this supposition .teems well 
founded, because there exist everywhere huge stepping-stones 
from pavement to pavement, the wheels of the carrisiiges and the 
horses (always two) passing on either siile of the atone. Th^way 
in which tht solid refune of the city was carried away is still 
a mystery, scarcely any trace of sewers having been found* 
Mazois gives ns a drawing of one, the poailiou of which he does 
not state; but it seems only to have servtfd to carry the waters 
from the street uiuli^r the walls to outside the town. It is just 
possible that the streets may have been the only sewers, as they 
ore still in some to«'ns in the East. 

Though traces of aqueducts are found in the oountry around, it 
is not known with nur great certainty from whence Pompeii was 
90 plentifully supplied with water, there being no wells.* A very 
large numberof leaden and earthenware pipes nave been found, tbe 
former of which so pplied the nimierousfountaius which were placed 
in all the principal suoets. Thuy consisted of a cistern, formed of 
blocks of lava, cramprd tDeethcr with iron, the water falling into 
them through a pipe tixe<l in one of the bock stones of the cistern, 
which rise higher than the rest. 

Public JBuildingt. 

The pubUo ediflces and monuments of Pompeii give more 
direct Information as to its history than aught else. The 
more ancient are essentially Greek, both in plan of building and 
style; the later edi6c«s show the influence of Roman cuHtoms 
and habits, though always preserving a certain Greek feeling. 

In a description of a Koman city, the forum is the first place 
to which we should direct our attentioD, as the centre of business, 
the resort for pleasure, and the scene of all political and legal 
contention. 

The Forum is the largest and most imposing spot in Pompeii, 
measuring OIKj feet in length, and 150 feet in width. It wa^ 
surrounded on three sides by a portico of Doric nulumus, set wider 
apart than usual, so that stones could not bo depended upon to 
span the distauce between them; and accordingly wooden neania 
were used, on which tested the stone entablature, in the hack of 
which holes were cut to receive the tiuds of joists of a gallery, 
which extended over the portico round the forum. Several 
pedestals of masonry, depri^'ed of their statues and marble 
ooatingK, still exist, and some bear still tbe names of the dis- 
Unguished inhabitants in whose honour they were erected. 

* Om dMp vcS hu been twnstij ilxanni, vitb |0«1 poUbie mar (a IS. 
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At the north end of Ihe Forum ia litnate Uie Temple of Jupiter, 
VD an elevated podium or bAMmoDt, reaohed bv steps flankeil on 
eilher Bide bj^ pedcstala for sUilues. The taiuple lias a jwrtico of 
Nil: coluinos in front, and tbree on the side. The coluiuaa ar« 
About 3 ft. B in. in diameter, which would give 36 ft S in. for their 
height. In the interior of the cella ou either aide was a row of 
coUmns of Braaller bIkc, on wliich probably rut«d asecoad row, 
M »t r«eti)m, to support the roof, aud a gallery, the stairs to 
reach which are at the further cod of the temple, as alito three 
Miiall chambeni for the priesU. The pniutiDg of the interior ts 
not remarkable : the floe«- it paved with mosaic. 

The Priaonsoa the right are approached by an archway in 
brick, fiirmerly covered with slabi of marble. These prisons 
etmsUt of dungeons without light, iu which skelttoiHwcrc found 
with their leg-bonea encircled m iron shackles or stocks. 

The I'emple of Venus stood in a large are.-^ 180 feet, hj 75 feet, 
surrounrlwl iiy a wall and portico. The colomns of this portico 
were origiunliy Doric, bat afterwards altered into Corinthian by 
mceesaive coats of atucco, an anomaly which I will explain fur- 
ther on. The ^rnlls of thia portico were decorated with a scries 
of paintings on a black ground, roprcMntingardiitectural scenes, 
landftcapes, and H^'ure subjcctd. The temple itself stood upon 
an elcvAteti basement; had a porticn of foar oultimaa iu front, 
and two deep ; and a peristyle round the cella, which latter was 
very small. There was an iascription in it, stating that " Marcus, 
Holeonius, Riifus, and Cains, Ignatius roBtlinmus, docimvein of 
jostiee for the third time, by a decree of the UecarionS, bought 
afpun the right of closing the openiugs for 3000 sesterces, and 
to<ik aire to erect a private wall up to the roof of the incorpo- 
rated Veaercans;" — the proceedings of that corporation, I sup- 
pose, being of Huch a nature that it was wise to conceal them 
from the pulitio gaze. 

TIte Riaitica, or court of jtisticei is the largest btiildiog in 
Pom|M.>ii, of au oblong form, and measure* 220 feet by BO feet. 
It is entered through avcstihule, by five doorways of'^ masonry, 
in which (rroovea have been cut for the insertion of iA-ooden door- 
jamhe. From the vesitbnls the area of the Basilica is reached 
by a flight of four steps, leading through principal and two side 
doorways. The roof was earned by a peristyle of twenty lai^ 
Ionic columns, built in brick and tufa, covered with stucco. 
The centre was probably oiwn to the sky. At the further end of 
the building, on each side, are two aquare chalcddioa; iu tlie 
centre, the Iribttne for the judges raised on a basement, and 
approached on either sifle by steps. It was decorated by pnlutnua, 
detached and semi-detached ; between the latter were siiHcea for 
cupboards, in which the rohea or records were kept. There was 
a gallery round the fkeri^tylp, reaching up about half the height 
of the Ionic colomna, with a railing uetween them, to prevent 
persons falling pver. 

The tliree baiidin^ at the south end of the Forum, opposite 
the Temple of Jupiter, are similar in plan; two of them are 
supposed to h-we been places of assenibly for magistrates; the 
Ihini is an icrarium, or treasury. 

ITie Ulialcidicom, or Crypto portico, of Eumachia is the next 
largest building to the Basilica ; it is supposed to have been the 
Eichange of thu cloth merchants. The interior was surrounded 
by a doable gallery of forty-oight very lieauiiM columns of 
white marble (only one of which, broken, has been found); a 
chalcidicnm, or enclosed spartment, at the further eitremitv; 
and a crypioportieo (a gallery in which the spaces between the 
ot^nmns are walled up aod pierced with windows). Behind the 
ehalcidicum was a niche, iu which stood a statue of Bnmachia, 
at whoM expense the building was erected. The Temple of 
Mercury now wrves as a Museum for all those objects fooud in 
the ctcavatioDs, and not taken to the museum at Naples, The 
house of the Augustals, or Pantheon, as it in calle<l, from the 
twelve pedestals in the ceuti« of its court, iu which it was 
suppoica where the l>ii Consentea, though from the numerous 
ralioary paiutinea on the north wall, and the large coliectinn of 
tish-bones and other framncnts of food foinid iu the sink in the 
centre, it woulii seem t>^ nave been devoted moi^ to banqueting 
than to religious purposes; aad, indeed, its contigoouji iKwition 
to the Forum would point it out as a very conveuieul place for 
a large trattaria or restaurant ; the twelve rooms on the south 
side being private diniog-saloons. It is a spacious building, with 
entrances on three of its sides, the one from the Forum deco- 
rated with columns aod nidies with pedestals foi* statues. This 
completes the list of the monuments round the Fortim, and we 
may look upon them as the must important of those in Pompeii. 



The triangular Forum, adjoining the large theatre, in the 
smaller fiart of the town, has a portico of ninety Doric columns 
round two of its sides. It is entered by a propyliea or vestibule^ 
of eight Ionic columns, which, when complete, must have been 
one of the mont beautiful features in Pompeii. The Temple of 
Uerculea in (his Forum is the moet ancient building yet dis* 
onveretl here, its capitals, colunma, and general construction re- 
sembling more the temples of Ptestum than any of the other • 
temples in Pompeii : from ite ruiued state it is difficult to define 
exactly its plan ; it is 120 feet by 70 feet wide. 

The great or tragic Theatre is placed on the south side of a 
hill of tufa, in which the steps or seats are cut. It was semi* 
oiretilar, open to the air, and lined in every part with whit* 
marble. The seats faced the aouth, commanding (as in all thes« 
ancient theatres) an extensive view, so that the visitor, if tired 
witli the pcrformancos, could at all events solace himself with i 
the enjoyment of the fine prospect before him. The walb of' 
this theatre were never wntirely buried, alid Uic staRe was cover- 
ed with sn slight a dr|io»it only, that here (as, in fact, probably ^ 
in tlic greater part of the most wiuthei-u portion of Pompeii), 
the decorative perta, such as marble, statues, &c., rnay have been 
easily removed after the eruptinu. The general audience entered i 
the theatre by an ai-clied corridor, ou a level with the oolonnadsi 
of the triaugular Forum, and descended thence into the caveab^ i 
sis flights of stairs, which divided the seats into five wedge-^ 
shaped portions or cunct. The spacti allotted to each was 1 ft. 
3^ in., eo that from calculation the theatre would accommodntft 
500(1 perains. A aeparate entrance and staircase led to the 
women's gallery, which was placed above the corridor just men- , 
tioned, and divided into compartmonte or boxes. It seems alav ! 
that they were protected from the gaze of the audience beneath 
by a wrurn of inm wiix'. In the lowest portions of the theatre, 
with n|)ecial entrances, and scnarnted by a low parapet or balus- 
trade, was the pnecinctio, — what we should call the pit or or- 
chestra flUilln, rest^rved for the nobles, Augnatalea and patricians. 
Tha level spaea in front of the reserved aenta was destined for 
the mngistratea, whose seats, the bisellia in bronze, with purple 
cushions, were brought by their slaves. There was also soUM i 
distinction nvide between the middle and lower classes, the Utter j 
occupyiuft the higher range of seats, and being divi<lecl into their 
respective trades and occupations. The stage or pulpitem is & 
long narrow i)|,-\tform, with seven nicbea in the front of the wal| . 
which carries it, iu which it is supposed the musicians wersi 

filaced. The pmsceuium was decorated wit-h columns, autl nicbea 
telween thent for statmrs, with three doorways, the centre one 
larger than the others, and only entered by the important 
characters. Their scenery was very simple, either adi*or swing- I 
ing on a centre axis or a triaitgle, the one having two, the other j 
three different viewH represented ou it, its position beiug in the) 
central doorway. Behind the stage was the postscenium, whera 
the actors' r\xtm6 wer*» placed. The exterior of the upp«r wall 
round the theatre still retains the projecting stone rings for re- 
ceiving the ixiles of the vularium or awning, which ou apedal 
occasions was spread over the theatre. 

The small theatre adjoining is supposed to have been used for 
musical performances. It is also semicircular, and similar iu 
arrangement to the other except that a portion uf the circle is uut ■ 
otT on either side by wallit continued from the side of the Btavew' 
The style and execution of the work are very inferior to die 
other, which is explained by the fact of an inscription, stating 
that it was built by contract. It seems to have been perma- 
nently riK)fed in, and aocommodated IfiOO persons. 

Adjoining the theatre is a large foram, surrounded by a portico 
of columns, supposed to have been occupied by the soldiers, from 
the large amount of armour discovered. In the various rooms 
round these were two floors, the orfBoers oocupyiuc the int floor* j 
Inside one of tlie entrance-gates, also, were founa the skeletons- 
of thirty-four soldiers, — the guard, probably, called oni ou the 
night of the eruptiou. Sixty-three skeletons in all were found 
in the barntoks, — more than in all the re.it of Pompeii. 

In the south-east angle of the city walls is the amphi- 
theatre, intended for gtadintorial shows, the chase, and oom- 
tnt of wild beasts. It was here that the people were sup- 
poaed to have been assembled when the grand eruption took 
|dacc. From the number it would accommodate (lO.OlK)) aad 
the interest takeu in these shows, it is probable that more than 
half the inhabitants were there. From the sharpness of all its 
mouldings and little wear visible on the stone-work, it ia proba- 
ble tint lliis building was eregted not long before the destrootioo 
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oC tiw city ; aud, from tlia abnwuce of the greaUr part of iU 
stone sents, thiit Access wna hntl to it after the eniptioo. lU 
form is tfllipUcal, 430 fttec long hy 13o tcet wide. The masonry 
of tha walls is of tlie opux incertum kiud, au<l nUo of bricks 
pUcftl (Itngoiuilly after the Koiunii faahiou. The interior coii- 
t&JDod torcDty-four rovra of aeata. There wer« separate eQlraoc«4 
in diSerent parts of the tlicatrc, the patnci&OB, uoblea, aii<l 
SnagUtntcs, a« osonl, occupying the lower ranges, the plcbeiiiu« 
tbe upper, and the woiueii the boxes. At gocb eud of the ellipiw 
were eatmoceH ioUj the arcua, for the adtnissiuu of the glndutorn 
fcod wild beaats, and removal of the dead. 

VariiiuB inscriptions aDUouuciiig displays in the ampbitheatre 
are found nu the vviilU lu the city; one, more especially of them 
■Ays ihat "Ou the uocasioii uf the dediualiou of the public! hxiU* 
there will be a chose of wild beasts, athletic contesta, sprinkling 
of Mrfiimd.i, aod an awniDg." Tbo vahie of an awoiiig will be 
easily appreoiated by those who know either what the heat of 
an ItAlian snu Ie, cr the deluge of au ItaiUu ruD. It has been 
a matter of sDiiio couiroveiiy how a t«m[>orary covering couKl 
be stretched over so largo & space without any intermcdiato 
props. The stone rings extatiog oa the upper portions of the 
exterior wall round the theatre gives me the reason to nuppose 
that Mrtr were intonJud to hold and support the woo^lcti uiasta 
to wliico t!ie rojics carryiut; the awuiug were attached ; there 
must liavB l^een considerable difficulty in keeping the awning 
alretched suQicieiilly tight, and we find that ou windy days it 
was im[>osaible sotiietimes to atretch thetu. As to the sprinkling 
of perfumes, Seneca tells us that " the perfumes were dissemi- 
nated hy being mi:ied with boiling water, so that the scent rose 
with the steam and became diffused throughout the building.^ 
Rimrael's patent vaporizer, therefore, iQtroducetl three yearn ago 
ac the pantoniimca in all the chief thealrea of Loodoo, was by 
no ojenns a iiuve] Idea. 

The Temple of lais ia a small but interesting buildiag, atnnd- 
iog on a basement in tlie centre of a court, round which is a 
portico of Corinthian oolurana, id brick, covcrcil with atueco, and 
painted. In one corner of tlie court \a an cdlculum with a 
vaulted roof, and pediment coverini; the sacred well of lustral 
purificutioo, to liescend to which tnti-e was a narrow flight of 
fileps. Near it was an altar, on which were found the burnt bones 
of victims. On the south side of the enclosure were the chambers 
of the prieela aud a kitchen. In one room a skeleton was found 
faoldlng a sacriScial axe, with which be had cut his way through 
two walls to escape from the eruption, but pi-riahe^l before ne 
ooufd penetrate the third. In another room a skt'leton was found 
with bones of chickens and &ah, egg-shells, bread, ^ne, and a 
garland of flowers, as if he had l>een beguiling away the last 
BtotnentA of his life merrily. Mauy other skeletons were found 
in the eocIoBaro, testifying to the belief in the power of their 
deity. 

A flight of steps leads to the tt-mple, tbe front of which Is 
a portico of six Coriutbiau columns, with niches on either side 
of the entrance to the celU, the interior of which is small ; the 
entire width of tbe back, occupied by a long boUow pedestal for 
•talaes, having two low doorways at the end near the secret stairs, 
\>j which the priest oould enter unpcrctlved and deliver the 
oraclee aa if they proceeded from the mouth of the goddess 
I benelf. 

I Public Batht. 

^H Two large establishments have been found in PompetL They 
^^|bre based on a similar system to the so-called Turkish baths 
^^^klely introduced in this ooantry, and are remarkable for their 
^^Kdmintble distribution. 

^^V^ The establiahment first discovered behind the Forum is di- 
^^Brtded into three portions. The first ooutain the furnaces and 
^^^befael; tbo socood, the baths fbr men; and tbe third, ihoM 
<br women. Tlie two seta of baths were similar in arrangement, 
both tieated by the same furnace, and supplied from tbe same 
reurvoir. Each set bad its apoflyterium or disrobiu^-room, its 
firigblariom, teptdarium, and colidarium, and court with portico 
to the men's bath, only these latter were the hvrgMt and most 
rich. The apodyterium has seats of lava ou either aide. Tbe 
clothes were hung up on pegs, the holes to hold which are still 
vUible. Tbe roof is raultA iu stone aud rubble work, faced 
with stucco, and paluted. It was lighted at one end by a window 
furuiithfd with small panes of glass, ground ou one aide, pieces 
of which were found on tbe floor. A cornice rnns round the 
rooiD| tiDder which i> an arabesque frieze in relief on & red and 



blue ground, composed of grifSns, lyi-es, vaMS, dolphins, &c. 
A small recess at one end of this room is supposed to have been 
a wardrobe: at the opposite end is the cutrance to the frii;idarium, 
a room circuUr on plan, with a large oold-water bath in the 
centre, 12 ft. 10 iu. in diameter, aud 2 ft » iu. deep. The cham- 
ber ia covered with a coDicul-shaped rqpf, paitite<l blue, the light 
admitted by a window in the aide of it near the top. The wnlU 
are in stucco, painted yellow, and have four semieiroutar nicliu*, 
in which are sent* for the convenience of bathers. The oornice 
is decorated with baa-reliefs iu stucco, on a red ground, represent- 
iug cuplds aod warriors eugaged in a chariot race. Tbe teptda- 
rium, or warm bath, iseulerea from the fri^darium. It has » 
Ijnrrel-vaulled ceiling stuccoed, iu low relief, with figures of 
flying genii and other oruomeut^, relieved ou culuiired ground, 
ia medallions aud panels. The more remarkable portion 
uf the decoration, however, is the series of niches divideil 
by terra-cotla figures, represeutinff Telamonea or Atlasep. 
who support the cbrnioe. These ngures aud niches are at 
a height of 4 ft. 6 in. from tlie ground. The 6gures 
are about '2 feet in height, stand on sqxiare pliuthi, and 
are similar io form to the giants of tbe temple at AgriKeuliini, 
which are supposed by Mr. Cockerell to bave carrim tbo roof. 
The object of these Ggurcs at Poinueii was simply to ornament 
the diviaioua of the niches, wbicu we may suppose ooutained 
either the rubes or tbe ulntmeuts and perfumes of tbe bathers. 
A brazier for coals, and two seats, all In bronze, were found, aud 
still remain, in this room. The windows were awkwardly con- 
trived. We next enter tbe vapour-bath or calidarinm : it ter- 
minates at one end with a seuiicircular nicbe, containing a 
marble basin or Inbrum, d feet iu diameter: at the other eud is 
a but-bath, 12 feet long and £ fett deep, iu white marble. The 
ceiling is a barrel vauU in brick, covered with atuoco, and orna- 
mented with a series of transverse fluting iu relief. I'he wallo 
are decorated with pilu4ters. The walla and floors in this n>uni 
are hollow, to admit of the easy circulutiuu uf the hot air frum 
the furnaces. The floors were of similar cuubtruction as those 
found iu the Iloman villas in this country, being carried by 
a aeries of small pillars or pieni formed of tiles, 1 ft. Ti iu. in 
height and about IS inches apart Tbe walls are formed of tiles. 
held by cramps of iron, at a distance of 3 inches from the main 
wall, by meaus uf small hollow pipes attached to these tiles, 
through which iu fact the iron cramps pasa. The women's batlis 
are arraujfed on a similar system, beiug somewhat amaller and 
less rich in their deconition. 

The sccoud establishment of baths, discovered in Ib&Bj 
have a very large open court or poJuestra, surrounded uu 
three aides by a portico of fluted colamua. The walls 
of the three sides under the portico are covered with palut- 
iugs ; aud ou the fuurUi side, there is decoration of a aimilar 
design, but executed iu stucco relief. The baths were arranged 
and warmed ou the same principle us the others. 

(To U oontiinud.) 



THE APPLICATIONS OF GEOLOGY TO THE ARTS 
AND MANUFACTURES. 

Ttic following is extracted from a course of lectures now being 
delivered by Prof. Ansted at the Society of Arts: — 

Paorsssua Avstsd commenced by stating that he proposed, 
iu these lectures, to introduce the subject of the \-arious practi- 
cal applications of geology. He was aware of the dLi5cuUiefi : 
for, on the one hand, the facta were so numerous that, if merely 
enumerated and tabulated, they could not all be placed before 
bis audience in the time at his disposal ; and, ou the other hand, 
if he were togeueraliao without &cls and statistios, he oould not 
expect that the great in)p<»rtauce of bis conclusions should be 
appreciated. He oooaidered that an account of the working out 
of tbe great theorems of geology, and their bearing upon agri- 
culture, architecture, engineering of alt kinds, and mimng oi all 
kinds, — tlieir influence on tbe progress of tbe arts uf conetructiuu, 
and ou the discovery uf the laiaicrloJ of which things are cou- 
Btrncted, cotdd not want interest, aud ueed not be uaemsa because 
it was brief la treating of the applicatious of geology, it would 
be convenient to take advantage of certain natural dlvisious 
which the subject offers. Tbe earth was both tbe place itself 
ou or wiihiu which everything was done, and it yielded all the 
material by which ever^'thiug was done. We bad to employ tba 
earth as it was presented to us by nature, and to do so we had 
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Ko diMorer and remove from the earth the meaoa of iiaiog the 
SAiue earth to advantage. 

Od the applications of geology, that which had reference 
to af^culture was the ooe to t>e cuoaldered id ihiti paper, 
ft waa one involving many details and many principles. 
On the part of those who entered ou the subject, a certain 
IcDOwledce of geology must bo prefiiinied, but the lecturer 
thoaght It well to lay dovn in a few words, in mere oiitline, a 
atalemeut of those no(a that were chiefly coooemetl in il3 re- 
duction to the nae of common life. The surface of the r^rlh, in 
(he caltivat«d parts of a country, conniitted of vegetable soiL 
In pnrts where the soil was barren tbia might be sand or stAtiea, 
but it concealed the rock. In a fertile diitriot only a very small 
proportion nf the surface expoeoil the rock to view. In England, 
almost everywhere on the ea^t KJde of the country there waa 
Boil of some kind; while on the western extremity, there were 
large tracts of barren rock. Every country had its own factM 
in thia respect, and even where soil existed, its Ihickiiess luid 
general character were very variable. Whatever the ihickneas 
might be, however, there was always a termination to the soil, 
«nu below it was a subaoil partaking of a mixed character, be- 
tween soil and rook, while below the 8ul>9oiI wsa the rock, 
oflftn exposed in quarries and railway cuttings, or in fragmenta 
brought up when water was sought for. Even the channel cut 
throagh by a stream, however small, would often he found to 
^vp a geological section. Uocks were of various kinds, but tlie 
varietioa might be includud within ctrlain general and familiar 
terroe. Such were limcatouc, aandst^me, clay, granite, Itaaalt, 
alate, &c Mixed fragments of these formed gravel when looee, 
and oonglomeratea or pudding-stones when cemented together, 
3Iore miimte fragmecls ground to powder were sand. Of these 
acme were stratified, others it ii stratified. So, agnln, some were 
aqueous, othera igneous. Others, again, and these were very 
nnmeroua, might or must have been formed with water, but 
were now so far changed as to have lost their aqneoun character. 
Theae were metamorpbic Limestone waa an aqueous rock, and 
atrntitied. Uaaalt was an igneono rock, and might or might cot 
bo in strata. Slate was an aqueous rock, but metanmrphic. 
Granite was metamorphic, and generally unstratified. Stmtitied 
rocks were geiiemily tilted, and it was even possible that bcda 
once horizontal might be actually inverted, and made to dip the 
wrong wny. Rosks occurred in series. Oftea a multitude of 
alratitied i-ocks were found in the same district, some of them 
being much more tilted than others. Stratified rocks were often 
interpenetrated by those that are metamorphic or Igneons, but 
sometimes the metamorphic and igneous would alternate with 
the a(iuei>us. Such were some of tlie simplest and moat signifi- 
cant facts of geology bearing on those practical questions to be 
considered in theae lectures. Uocks were the mineral consti- 
tuents of the earth beneath any vegetable soil that might have 
accumulated upon them. They wotdd yield to the chemiNt 
ft ready account of their ccnipoeilion, and to the sludent in- 
Testlgaliug theni for that purpose, a clear uutliue of tliw mechani- 
cal changes they liad underguue; while they were often sudiuient 
to enable the geologiata to determine a complete outline of events 
an<l a history of changes tlint may have taken a long ticue to 
complete. Owing to the mixed origin of rocks, it had linppened 
that most rocks were broken and fractured, the cracks being 
filled op more or Iass completely with mineraU, generally crys- 
talline. 

Every kind of vegetable aoLI wai onc« rock, which had been 
broken down by degrees into fragments, until at lost it was 
reduced to mud. The pai-t of this process performed by the at- 
niorphere was caJled weathering. Wherever rock waa exposed 
to the air, it became weathered ; and weathering meant ultimately 
a reduction to flue powder. On granite or quartz rock, a 
group of small lichens was seen to grow. Thejie were iiiaiduous 
enemies, as, although they deriv^ their nourishmeut chieHy 
from the atmosphere, and might he thought even to protect the 
exposed surface from the weather, they paved the way for destruc- 
tion. That which they separated fVom the air became a brown 
Imlverulent mass, or humus, which atforded nourishment to 
ar^er individuals of tlie same tribe. Mosftet« suooeeded lichens, 
and small crcvicAs received their roots. Once inserted, these 
roots cxpnadod, splitting asunder the ruck. Other roots were 
thus enaoted to penetrate yet further ; and after a time the mosses 
were followed np by heather, gras^ries, and small shrubs, until at 
length there was attained a sallicient ihicknesa of soil to enable 
trees to grow, tbruatiug down their rootlets to the crericea and 



making room for the admission of rain. Then frost coming* 
rending asunder the rock, which would fall into thevalleya belowi 
spread over the narfaoe and being loet sight of, being washed 
away by the rain. In certain (toils the underlying rock waa 
found in titu, in angular fragments, and recognizable ; elsewhere 
the fraguieuis were water-worn, and belonged to some distant 
ronuntain or hill. Tliia transported material was more common 
thnii the other, for water had everywhere been at work. Thua 
allnviat soils were formed. The solvent pow^r of w.iter was a 
very important agent in weathering. On detached fragments 
of limestone, water and vegetation together acted na a drill. Of 
santlstonea it dissolved the calcareous cement, nr even the silica 
itself. Thus in a mixed rock, as bnaalt, great differences of 
composition existed between au nnweathereil and a weathered 
specimen, and in a particular case referred to fi.j per cent of the 
soluble alkalies had been removed, S8 per ceitt. of the alkaline 
earth, nearly 20 per cent of the silica, only 2\ per cent, of the 
iron oxide, and no appreciable quantity of tlie alumina. Pro- 
duotive soils were composed partly of minei-al substances and 
partly of certain products of the doconiposltinn of organic iKMlies. 
This latter portion was called Awnit**. It consist^ largely of 
carlion, and carbonic acid was mixed freely with the water that 
passed through fertile soil. Ilnmas was not generally present 
lu soils in large proporUon, but was abundant in peat and moor 
HoiU. 

The mineral constituents of a soil were of two kinds: the 
one kind wc might call earth, as being a disintegrated mineral 
snbstauce, the other consisted of fragments of the rnck from 
which the earth was derived. The latter we might call atones. 
The former rendered the ground arable : the latter increased 
the bulk of the soil and facilitated the action of rain and frost, 
but contributed nothing to nutrition. Clay, lime, and sand, 
formed the sUtple of all rocks, and were the ingredients of chief 
importance in everj ctiltivable soil. Clay was a silicate of 
ahiminn, capable of retaining a large quantity of water, forming 
with it a tenacious, compact, sticky p:ute, which was almost im- 
permeable to water. Hence soil containing much clay was heavy 
and difScult to work, remaining wet when aonkcd, and caked at 
the surface, allowing the water to descend very imperfectly. 
Cold and wet places were formed underground when clay existed 
below a gooil vegetable soil, and the ronta of trees and planta 
reaching this water were poisoned. Wet claj would ountract on 
drying, cracks forming; in it after drought. The changes that 
pre|>ared a soil for sowing were then checked in such material, 
or were only enabled to come about slowly. Frost would break 
up the clods, and sand improve the quality; but a deep clay soil 
was very ditlicult to improve. M>^chanical admixtures with ashes 
and soot, as weH as with ssnd, were snitable tosuch soils. Clays 
contained much potash, some phosphoric acid, and lime. They 
would also abeorb ammonia and aqueous vapour from the at- 
mosphere, and fix the ammonia very effectually. They were 
thus regarded as powerful and rich. When slightly burnt they 
became mellow. In Kngland clay land.s had been ctTectually 
impruvcd by variouH mctlu^ln, and had become extremely valua- 
ble and fertile, especially for wheat crops. Drainage opened 
the way for the permanent improvement of clay soils. Clays 
were largely derive<l from felspars. Granite, gneiss, basalt, 
clay.slate, and other metamorphic and igneous rocks yielded 
little else than clay soils, lioam was clay mechanically mixed 
with Band. The quantity of free silica tliat might exist in a 
soil without removing from it the usual charmcteristics of clay 
was enormously large. 

Sand was the least changed of all rocks by weathering. 
Sandstones were changes! by the destruction of the cement 
that holds them together, but the actual particles changed 
only by mecbauical abrasion. Sand was an accumula- 
tion of granules of quartz, lying loosely beside one another, 
leaving abundant interatlces admitting the free passage of water. 
Water was only retained in aands near the surface, in small 
quantities. t.<ight soils, containing much aond, h.*ul a hot, dry 
nature, giving up moisture rapidly during warm weather, and 
being readily heated by a summer sun. So again, these soils 
were active, but so<)n exhansted. When sand was present io 
an exceedingly fine mealy state it approache<l clay in its properties, 
forming a dense oom|Hict mass, and holding water. This trausiv 
tionlwas a very curious fict, and one often insufficiently regarded^ 
Common limestone was a carbonate of lime, exoeedingly soft, 
and readily acted on in the state of chalk, but harder and mora 
atony m the oolites and other building stones. Limeato&as ' 
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-wouM xrork Qp into soila red iu colnar, and cracked and broksD 
bj weftihcriog near the surface. I^LtgiietJuin luoeatoDe consisted 
of a cnrbonato of Iluie and mai;uc»ia, the proportions being 
Vkriable. It vai ]««« capAble of supporting abundjuit vegetation 
tbnn oominoD limestone. Ail limejitouea -were pcitnettUle to 
^nter, and contained a consitlemble }>«r-ccntiige of it. Chalk 
vu especiailj absorbent, and acie\l iiki- a epouge. A oalcanous 
nr litne itntl waa soft I'l the touch, Maudiug iu this leepect mid- 
w»j between clav and mmd. It wuniJ aUorb and retun water, 
but would not become sodden. Its teoacitj wkh j^reater thau 
■and, but ieiH than cUy, U would shrink much less than clay, 
hot wonid not crack. It would diminish the tenacity and hu- 
midity of clay soils, rendering them more porous, more acoeosible 
lo air, nnd wanner. Where, however, liuje greatly prepondsratfid, 
the roil wa.i poor and hot; but these charncters were readily 
iJtered by ih? atimixtnre of clay and huma* Kvery »oU would 

! Bdpport B<)nie vegcinble growth, much of the diflerence depend- 
ing on the meclianical condition of tlie soil, and much on the 
cbeniic&l compoaitiou. Both were due to the underlying rock. 

To pri.tduce a productive aoil, in the first place, certain conditions 
mnst be Avoideo. First, too great cuhesiuu. A soil, otherwise 
jiroductivp, i^ight be rendered uuimxitictive if wiuihed by rain 
into hollow bottoms, where it would cake into a solid, impenetra- 
ble mass. Secondly, want of cohesion. A aoit might be too 
eoftfM, too]i>oee, and too open. Thirdly, puisonuua iugredieutit. 
^is oftDM was rare, bat it existed. The salts of leail and cupper 
were absolutely poisonons in all proportions. Sulphate of iron 
VKB also poisonous, and alum might be regarded in the aanae 
light. Lastly, the excess of some uuiritious ingretlients. Tbus 
common salt was used as a miueral mauui-e, but salt water would 
entirely destroy vegetation. Mlnernl ixids also interfered with 
jrrowtb, anil would destroy vegetable life, if in too large propor- 
tion. To make a soil productive, it shuuld pnssess, Brat, a soft 
consistence, unchanged by the operatiuns of tillsge. In the next 
place, the soil mnst furnish the plant with food easeutiMl to its 
existence in a digestible foim. Among the impoitant mineral 
CDDitituents of a soil were phosphoric add, potasli, lime, and 

' AMfiMeia. The quantity of these was variable, but the following 
•caleBeDt of the limits would be useful as a guide, being given 
OD the anthority of Dr. Stdokbardt, a S&iou chemist: — 
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FkufihoriiO acid 

i'trtash (total quaoti^) 

Bnluble potash 

lims aod magnesia ... 



MatLnnn. 



12,000 

fiS.OOO 

16.000 

l4fi,0U0 



IflstnuuSi 



Amiuk. 

150 

l.&UO 

750 

BlKt 



llMmof 

pndiMliutijM 



FtHuida. 

2,500 
2i,Q0O 

3,501) 
90,000 



This estimate vonld show the relative tmportauoe of theee 
mbstanccs. The motit important was phosphonc acid, for with- 
out it uourishiug food ooald not be grown and ripened. Of other 
snbetauces salpburic acid must be present, but of it there wa« 
g*MntUy no want. Silica also was eHsential, and was always 
^pveeeot. To Learn the proportion needed we must refer to the 
' ootiBtituente of the ashes of plants. These would show that 
•Otoe species contain in the ashes of one thousand pounds of dried 
ptante only two pounds of lime and magneiiia, half a pound of 
potaah, and only a quarter of a pound of silica. Of meadow 
l^raas, however, the ashes contained sixty-four times as mnch 
phoaphoiic acid, thirty-four times as much polush, four times as 
moeh lime and magneaia. and eighty times as muoh silica, as iu 
the ease nf conifers ; while wheat contained the same proportion 
of ailica SM grass, hut mnch lees phosphoric acid, potash, lime, 
mod magnceia. Particular naiU were thos favorable for certain 
crops; lorest Innd that had been so from time immemorial, and 
WM pat under another cultivation, was rich ; certain soils, un- 
Civoor*hle for particular crops, might once have been the contmry. 
A productive soil should oe composed of nearly equal parts of 
Uie three earths, sand, clay, and lime; it should contain deoom- 
poain^ rej^table and animal matter; it should imbibe moisture, 
and pve it back to the air without much difficulty ; it should 
bare depth sniTicieDt to permit the roots of plants to sink and 
extend without coming to rock, to water, or to some iojnrioaa 
earth; the subsoil should be moderately ponius, and should be 
i &ble to improve the »nil by mlxtnre with it. The proper propor- 
tinn of the various earths might vary from 50 to 70 per cent, of 
ailiosou matter, SO to 4U per cent of clay, and 10 to 20 per ceut. 



of calcareous matter. The earth would bear a constant sucocasion 
of crops of the some kind, if the mineral ingredients removed 
by one crop were supplied in the same stale from year to ytj:. 
But this could only be done as the result of a nice calcuUlioo, 
and by careful and systematic fanning. As a remarkable instance 
of the successful use of miuerul manures in rendering an ordinary 
soil capable of bearing, the lecturer quoted the experiments 
carried on at Bothamsted by Mr. Law«B and Dr. Gilbert.* The 
general result was that the average annual yield, without manure, 
was fflueh the aattie over the whole period of twenty years; that 
where ammonia salts and all mineral constituents were liberally 
supplied every year the produce of corn increased and that of 
straw somewhat diminisbed; and that where an excess of every 
constituent required by the crop was ounnally supplied by ^rm* 
yard manure, the rate of increase from year to year was not so 
great during the later as during some of the earlier j'ears. 

Analyses of soils were very suggestive. The lecturer mentioned 
the component parts of some extremely rich soils, but he 
pointed out that few ordinary soils contained within them 
such great natural resources. Many that were very valuable 
under careful mouugement and continued culture, would 
be almost valueless if left t« themselves. The treatment that 
would beat succeed in improving a soil must depend on tlie sub- 
soil, the climate, and the facilities that exist for obtaining at a 
reasonable cost the required mineral manures. Am«ug mineral 
manures the most important were tho«e which supply pbosphorua 
and nitrogen to the growing plant or ripening seed. These were 
eepecJally necessary for fuoa planta The want of nitrogen waa 
usually supplied by animal manure ; but thi« was ooetly, and 
not always obtaiuable ut the right time in proiier quantity, and 
in the beat slate. Kitrale of poUsh, or sallfietre, was known to 
be a highly efficacious subetitute, as well as cubic ttitre — a nitrate 
of soda, of which very large quantities were obtainable. This 
material appeared tu be the best aud readiest means of ceromuni- 
cating nitrogen to growing plants. It was now many years since 
attention wss directed to the phoapbaus of time from Kstrc- 
maduro, in Spain; aud Dr. Daubeney, accompanied by Captain 
'Widdrington, undertook to decide whether it could be 
ecooomioJly worked and conveyed lo England. They found 
a bed consisting of scTitral bands of tolerably pure phosphorite. 
The tiiickness of the purer part was about 3 feet, aud it 
was traced on its line of outcrop for abu«t two miles, but 
the distance from any place at which it oouJd be shipped 
for exportation, aud the coat of transport, rendered its 
existence useless for practical purposes. Other places were 
mentioned where this substance bod been obtained. Limestone 
and gyiwum were occasionally used as mineral monuree. Much 
more usually, marling, manuring with mud, and warping, or 
bringing on the enrface muddy water, and leaving it iliere to 
de^iosit a alimc, were resorted to. 

Another important department of pnutical agrioultnre was 
drainage. It was impneaible to exaggerate the importance of 
water, but it was duiirahle to r^utate its application, and 
remove it when in excess. Divinage performed this by acting 
both upon and below the uurface, and allowing the water to 
run off by natural channels. The effect of ploughing was to 
disturb the ground and expose it to the air, but it was not 
till drain-pipes were laid that the soil could be said lo be 
available for high cultivation. Drainage was chiefly important 
in heavy clay lands. Geological maps ware most useful in 
regulating draining operationa. 



ON NATURAL AND ARTIFICIAL SPRINGS, &c IN 
CONNECTION WITH GEOLOGICAL STBUCTtJBE. 

Professor Anoted remarked that a supply of fVesh water is a 
matter of such extreme importance that every inquiry connected 
with it is well worthy of attention. It is connected with geology, 
for the cotiditiuas under which water exists iu thccartlt depend oo 
the amtngvnicot of rocks and the facilities for circulation among 
and Itttween them, lie proposed to point out the great facts on 
which water-circulation and water-supply defend, and enable bis 
aurlience to understand and appreciate the elTorts made to obtain 
ample supplies when required. The source of water is the ocean; 
the means by which it is transferred from the ocean to the land is 
the atmosphere] and the cireulatton of water through theeorUi is 
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the &et to be borne in mind in all in recti gfttinnii onneeming 
water. Of the rain that falli a large proportion is attracted to the 
flunimil« and flanka of mountniu-chains, to uplnnd valleyn and 
t tftjr plains; tbe Kpota of heaviest nin-fall bave tliu Hca nl no 
^'reat distance, and winds blofring more frequently from the aea 
tlian from the interior of the country. Much rain reaches the 
earth on slopes looking towards the sea, and a large quantity oi 
wnter Is conducted by n&tural channels to riverSf and across low 
Lands to theuceau. Butofalarge district only aamall pruportion 
ivnaiats of river-courses, wbiUtthe rain fails on ibe whole surface. 
Tlie soil becomes wst, the Bubsoil behaves in like maoner, and 
inoUture reaches the underlying rock. Of the rocks some are 
Moda, tandatonei, or Umutoaes, and others fragmentary rooks. 
These allow water to enter, and give back the water at need. 
Others are impermeoble strata, between or amongst which are 
bods shutLiug off water, laucli are clays. All rocks contain 
water. Granites and compact marbles, in their driest state, bold 
from '4 to 4 per cent, by weight; and, as a cubic yard of iiuch 
stone weighs two tons, each ton of the least abeorbent rock will 
contain a pint of water. The water held by common loose sea- 
sand amounts to at least twogallous iu a cubic foot. lu ordinary 
Musdstonea nearly half that quantity can be coiitaiaed; and in 
best Bondatoues five pints of water a>-e contained in each cubic 
foot. Thus iu an area of such sandstone, occupying ten square 
miles, and ten yards in thickness, tlte quantity of water contaiDiyl 
is from four to five hundred millions of gali.juB. This would fill a 
rsserTcir of 100 acres to tbe depth of 10 feet. But sandstune>t are 
rare without bands of clay separatiug tbcir water contents into 
sheets, and ovrinn to faults and vertical bauds of compact mineral 
ft sandstone district Is broken up into boxes, each one of which is 
independent to some extent of the rest. Saudstoucs have also 
been tilled, and Bt.-\nd .it a considerable pitch, tolerably uniform 
over gre.it diatancea. Some varieties of sand-rock, passing into 
pnddiug-atuiie uu the one hiiud and quartcite on the other, contain 
no water, but even in such roctu there are fissures and cracks 
wherever there is an exposed lorfitoe. Into these water 
penetrates. Of limestones the least absorbent hold four pints in 
the cubic foot, while a cubic foot of B-tth stone will absorb a 
galluu; and sums maguesian limestones twelve pints. A cubic 
foot of Boi\ chalk will hold two gallons of water, or as much as 
loose «and, taking up half its owd balk of water and yet hardly 
anppAriug wet. By pumpiog a large quantity of water may be 
obtaiuoil from chalk, for its acts as a sponge, tbe water slaking to 
the bottom. In must limcstoues tbe water does not come away 
by pumping, being kept buck by friction, aa well as by cnpillarv 
atlractiou. Limesloue is more available aa a water-i)^rinf; rock 
than sandstone, beiug muns erackec) an<l finsured at all depths. It 
is acted on by water, both mechanically by wear, and chemically 
by becoming dissolved. Tbe cavernous nature of limestone is 
one of its most remarkable feniures, and at the intervals of strata 
there are b( aces allowing a free passage to water, besides vertical 
tissurcs, dividing up tbe mass into sninller areas, each one of 
which has its own water syuiem, though all communicate. Clays 
often contain as much as ten per cent, of water (by weight), and 
clay rocks, such as the varieties of schist, which are extxeniely 
numerous, are similarly ooualituted. Water is present in great 
abuudaucc iu the rocks near the surface of the earth, not only 
iu the subsUnceof all, but iu the interstices. 

Of the miu that fullii upon the earth at any place not moie 
thuu one-thinl runs off the surface and enters the sea by rivers. 
Wbat becomes of the restl Part is evaporated; ^lart supplies 
life; but an ample supply enters the earth. Down natural 
channels the water passes; occaaionally through a permeable 
rock, sometimes slowly, with much interference, and some- 
tiniea into cavities. It is conveyed horizonUlIy, and rises 
here and there to tlie surface under the iulUience of the 

fireaaare of a column whose height lias reference to the 
evel of the spot at which it first entered as rain. This 
circulation is due to the natural inequalities of the hind. As the 
rain falls mostly on mountaios and high ground, and rocks are 
usually tilted towards the plains, the tendency of water to run 
flown a slope in tlie interior of the earth as well as on its surface, 
insures the conveyance of ample supplies. These may exist under 
pressure arising from the fact that the channels formed between 
two impermeable rooks are closed pipes. But because the dip is 
not always the same as the natural slope of the surlHce, and thnt 
fftnlts remove rocks to a oonaiderable distance verticfdly. water 
will sometimes 6nd an issue at a considerable dislanoe: it nmy 
well uji at a tault, or come out at an artificial cutting, though always 



at a lower level than that at which It enter(^d. Wat«r obtained 
by any of those means is called a spring. Ijand-spHngs occur lo 
Band or gravel resting on impermealife strata, and receiving a 
larger quantity of rmn on tbair surface than is carried off t>j 
evaporation or streams. The water accumulates below, iuatevd 
of upon the aurfaee. Its depth is rarely great, and it is reached bj 
wella. Tbe supply varies with the rain-fall, and in dry MasoDS 
fails, or gets much tower than usual. The qnality of such water 
ia liable to injury, owin; to the filtration into itof organic matter 
from above. Wells in such localities sometimes yield upwards of 
a hundred grains of solid matter to the gallon. 

A aeoond class of natural springs issue on hill sides, in valleys, 
or on plains surrounded by higher land. They depend on tb* 
outcrop of strata which carry water, but rest on other atrataj 
that are impermeable. The issuing ot springs under the 
circumstances is eaxily understotxl; though the phenomena may] 
become complicated and obscure. Tbe source of the supply mayl 
be distant, and much above the level of the point of emergeoc^i 
When it tasnes, the water may be a ooDsideraole stream, or maj.l 
drain oat ina multitu<leof8pnntfSon aoootinuouslineofoutcropf 
Groups of springs of this kind are often important, dividing Ifam 
irregularities of season over a considerable lime, and to aomci 
extent independent of «ca.son. Tbe water having tillered throagt^^ 
the earth for a long diittauce, is fresh and wholesome. Sp 
of this kind may be tapped on their way to their natural outlet. 
The aupplv they bring is limited, and what ia taken at any one 
place ia taken from tlie general stock. It may be tliat the upper 
rock is porous, nud rests on tin onderlying, itupermeablo stratum. 
The supply is then more abundant, but less regular. Good ; 
cxauiplos of such springs exist in the Cotswolds, wberv, all alonf I 
the oolites with the lias, groups of springs issue. A few days 
after the rain most of these springs become swollen, and ruD 
freely. After dry summer weather the supply falls otf. In this 
case the dip of the beds changes, but the main cause of tb« 
irregularity must be songht for iu the foct that, though crop^pringa 
iu one sense, they ai-e land-springs in the n.ilure of their supply. 

A third-clasii of mineral springs issues where the containing 
rocks are interrupted by faulta. In this case there are severMi 
possibilities. A lault acting as a wall, because it ia &Iled with 
clay, will in most cases be aocompaaied by a spring, though not 
always at the exact spot where we might be inclin^ to look for 
it. Artesian springs occur in many places, and have beena 
obtained arti6cially from the earlieat times. A permeable bed' 
between two imperrocablu beds, ctt>p9 out at the sutfaos, and 
there reouves the rain-fall and sarface- water. The level of this 
out-crop is higher th.-\n that of a part of tbe surrounding conntry 
beneath which the strata pasii, owin^ to their dip. The permeabls 
bed thus presents a bent tube, and may be kept full of water 
under a pressure corresponding to the height at which thcporons j 
bod crops out. If, tht-n, a well is sunk or a hole bored, the water 
will rise in it, not only towards, but even in some cases far above 
the surfnoe, in a jet. 

The cliief Artesian wells, and the oldest in Europe, arc in ths 
north of France, and they seem to have spread thence through 
tbe other countries of Kurope. Thuy arc sunk through the 
lower tertiaty strata to the chalk, from whose upper beds the 
water is gouerally derived. The consiructiou of^ this class of 
wella ia easy and inexpensive. The Artesian wella of Artoisdate 
back to the twelfth century. In Italy and Germany, ancient 
and sncoesaful wells of this kind exist, but it is only since the 
commencement of Uie present century that they have beooma 
general in Europe. In and around Paris there were already, ia ! 
iK4S, not less than eighty deep Artssian wells through the tertiary J 
strata into the chalk. Tbe supply rariss very much, but ia 
tolerably constant in tbe same well A supply of from 30,000 ' 
to 150,000 ^louH per day is the common jdela, and tbe expense ' 
of sinking ia extremely moderate. The sinking for the "upply of ' 
Paris commenced at GrenellR, in 163.1, and couliuuod till 1841, 
when water-bearing strata were reached at 1800 feet, at a cost of 
jEl0,O(K). The first rush of water was atthe rate of nearly a miilioa 
gallons per day, risiug ItO feet above the surface. This con- 
tinneil fur some time. Artesian wella are common also ia 
Etjgl-uid, not nnly iu and aronud Londoa, where the geological 
couditions closely resemble those of Paris, but at Cambridge 
thrviugh tbe sault, at Liverpool through the new red sandstonei. 
and elsewhere. The Arteaiau wells of London are confined U^' 
borings through the tertiaries into the challt, and do not include 
any sinkings to the greeuaaud. Tbe depth nf most of the Artc-\j 
BJaii wells of Loudon is less th.\n 403 feet, and none of thsm] 
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are m«ch abore AOO feet Some enter the chalk to a depth of 
200 feet, or more, and therefore obtaio their water to some 
extent from thai forniatfoa; while others only reach the chalk, 
and obtain water from the Manila. The tertiary ntmta pierced 
are rarvly more than 'UO feet iu thickness. The water, when 

, re«ohe*l, seldom riiMw higher than from 4() feet to (SO feet belnw 
the lerel of the Thames liigh-water mark, aud thus oonnidfrahle 

I eicpenaes are incurred in hfting it. The wella at Cambritlg« 

Knetrabe the gault to the lower greensaod, at a depth of from 
fwt to 150 feeL The oost is small, and the supply at first 
' raa« to or aboTv the surface. It is now 10 feet or 12 feet below, 
Tb« aapply is large and steady, and the number of wells within 
ft few square miles amouuta to several hundred. The wells in 
tho new red sandstone at Liverpool and elsewhere are also very 
namerons, but nowhere veiy deep. 

The quality of ilio wat«r obtained] from Artesian wells ia a 
mattg of importance. Water passing Uirough a course of strata 
«baorht mineral matter; bat clay is capable either of removing 
mioend salts from water when they are alreadv present, or yielil- 
Ing various salts if the water be pure; — aud thus waters pasung 
through a great thickuesa of clay may be either remarkably pure 
or Tcry hani. Of the different minerals foun<i in wst«r there are 
•ome that produce hardoees, and interfere with the use of the 
mtter for detergent purposes, though not otherwise iojurioua. 
The alkaline salts render water soft, and thus the largo quantity 
of aalta of soda aud pota«b in some of the waters from deep wells 
doeg out interfere with their value for household |)urposes. 
I Carbonate of lime and magnesia, on the other hand, and the 
J«alu of iron, though they render wat«r hard, leave it well fitted 
[Cor drinking purposes. 

A hfth clnwt of springs is somewhat exceptional, occnrring in 

oonuecliun with dtKturhauces of strata, or the presence of meta- 

morphic rodt. tiucb springs ars charged with mineral matter 

and g|uefl| induditig free carbonic acid gas, nitrogen, hydrogen, 

oxygen. and sulphuretted hydrogen gas, with a long series of 

knliaof most of tliometals. A largo quantity of matter is brought 

'by these spriiigs to the earth's surface from the interior, upwards 

of ia,OU0 boos weight per annum of various salts being estimated 

as brought up to the surface from the mineral spnoga of the 

oaobnU plateau of France. These springs are thermal, or poawss 

a temperatuie higher than the mean aanoat temperature of the 

' place at which they emerge. This temperature varies, and some- 

^tinies reaches the boiling point. The water rises from great 

' depths, and often iu large quantitieB. These springs are found 

i& all parts of the world, and at all levels above the ttea, but 

.they are usually most abundant iu mouDtainotts rcgiouB, or near 

LYolcanoes. 

The llow of springs is not always uniform, but deep springs 

laie more uniform than those wbich come from near the surface, 

^For the cause of small and irregular variations wemust probably 

look to the effect of the seasons, but there ars marked periodical 

variations of supply tn particular cases that require a more defi- 

aita explanation. They are known as intermittent springs, and 

are almost confined to limestone districts. The river Mole, iu 

Surrey, issuing from the ehnlk, is an example of this kind of 

apring. It appears abruptly at intervals, which are nearly 

Lngolar; then runs stroug for a certain period, and as suddenly 

'ops. There probably exists in the chalk hills adjacent a reeer- 

^Totr, 61led from the rock above, but with only one outlet, which 

by BOms accident of the atratiflcntion curves npwards a few 

ards befor*:: turning down again. So long as the water in the 

ervoir is uot higher then the top of the curved port of the 

ater-way, uo water can run out, but as soon as this happens the 

Ibeni tube acts as a siphon, and when it once begins coutinnee to 

ry out the water till it has emptied the reservoir. Such are 

phenomena of springe, natural and artificial, and inch the 

•tbods adopted by nature and imitated by man to bring the 

' from the interior of the earth once more to the surface. 
Let me now p^iint out the application of this great subject to 
he supply of towns. Some arrangement that shall secure a per- 
""oeut supply of water for dties is esaeutial. For this purpose 
large towns are situated on, or near, running streams. 
u the town iucreasss, tlie waters of the stream become 
reduced io quantity by the targe use made of them, and dete- 
riorated to quality. Wherevsr there Is a large population the 
r is in excess of the docnand of the agriculturiat, aud is oou- 
ioto the nearest running water. I'htts the water of the 
irtT u it Hsaes each town becomes smaller and more impure 
as th» Dwd of water becomes greater. Springs are resorted to 



for potable water, and the river water is only used for washing. 
Rain-water is collected and stored, but rain-water in a town is 
rendered foul by the admixture of smoke and vapours, and the 
supply is of little value. Means have been resorteti to from time 
immemorial to obtain and conduct water from natural sources of 
supply to largo cities. The Komans obtained water in this way 
fnra distant places, and conveyed it by aqupdncts to the spot 
where it was needwi. l^ng befnre the Komans, the Greeks had 
conveyed water over the surface in closed pipes, tnkiag advantage 
of the fact that water stAuds at the same level if uicrt is free 
communication, no matter how irregular the form and dimen- 
sions of the channel. These methoJs are resorted to at the 
present day, and with similur success. But n supply of water is 
not a thing that can be secured easilv and without cost. It is 
an engineering operation for which too aid of the practical geo- 
logist must be sought. To nbtaia pure water for a town, resort 
must be had to contrivances ntiggested by, or ad.ipted to, the 
physical condition of the country surrounding the town, and 
thus, while in some cases springs maybe resorted to, iu others 
rivers or canals may be used; iu others, stre«m8 may be inter- 
cepted at nr near their source; in others, mountain lakes or tarns 
may bo rondered available; and occa^ioually the rain-fall of a 
limited district may be collected aud stored in reservoirs, whence 
the water is carriea underground or on the surface to a reservoir 
near the place where the supply is needed. Examples of ail 
these metbt^smay be found iu the various towns of England, 

There are certain limita to the supply of water from springs, 
even the most favourably circumstanced, which now require con- 
sideration. Chalk, or loose sand, and some sandstones, yield a 
la:^ quantity of water, replaced from time to time by ram, and 
the quantity contained in a given area of rock may exceed the 
quantity required for Iho town on the surface. But it hy no 
means follows that water is obtainable because it is present in 
the rock. The tooeest varieties of rock are sufficiently close to 
offer difficulties to the free paasage of water: and even from 
wells of exhaustion the quantity of water removed in a given 
time is out only iucapable of being increased, but the n>ck is only 
drained of water within the content of a coue whose base is at 
the surface and whoso apex ia at the bottom of the well, and 
the area of whose base is rarely more than half a mile in radius. 
The two rooks that yield the largest quantity of water are 
chalk and soft sandstone; and iu neither of theae can more 
than a million gallons per day be expected from a singla well. 
To yield this maximum, such wells must be more than a mils 
aannder. It could only be from a natural reservoir of large 
aize, existing under pressure in the interior of a rock, that a 
large pormaneut supply could bo obtained. The expcoso 
of Artesian boriugs, though var^'ing much according to the 
particular clrcumatauces of each case, u rarely very great. Id 
Europe the cost of boring has rarely much exceeded IQa. per 
foot if the depth is under 200 feet, one pound per foot if from 
200 to 500 feet, two pounds a foot from SOU to 1000 feet, and 
three pounds per foot frani lOIJO to tOOO feet There are thus 
powerful inducsments at all times to resort to this expedient. On 
the oUier hand, it must not b« loRt sight of that there have beea 
some very costly instances of failure tuter boring to a great depth 
in pi-omiaing strata. 

When, owing to increased population, a deterioratioa of tho 
quality of the water, or a diminution of the regularity of the 
supply, it is necessary to have recourse to some other contrivance 
thau springs, the old Roman method of constructing an aiiueduct 
has been resorted to. Thus, iu the case of Ix>ndon, the "Naw 
lUver" was thought a great success. But opportunities of 
cutting off water are gradually beoomiug more and more scarce^ 
while It becomes alwajra more difficult to keep a stream clear. 
Such contrivanoes gradually cease to be applicable; and onlr 
when connected with reservoirs can this supply be reoommended. 
But the construction of a reservoir is a very serious matter, as is 
known by fatal experience in some recent inetoDces. It is not 
twelvemonths since the btirstiog of a newly-constructed reservoir 
in the neighbourhood of Sheffield produced a serious loss of life 
and property. Thus in this mode of obtaining a supply there are 
important points to be considered. I mav state these as, firil, 
the ultimate source of the water; secondly, the storing it in 
reservoirs; ami, thirdly, the conveying It to its destination. 
Where there is a natunl lake of pure water anffidently largo 
and well supplied to insure a permanent supply, no better source 
can exist. The cost of conveyance is often a barrier against the 
adoption of such plans; but the poBsesaioD of a natural reservoir, 
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ii)wa7« fall of the ptirest wnter, is no aliglit matter. But if there 
i» oo Inke, iMtaral springe, if Buf&tieullv large In quantity and 
grmj in quality, tnny be made uao of. Thua manj of the aources 
of the Tbames are powerful enough to be worth takiug for the 
lUB of Loadon. But to thia there has alwava beeo a strong 
ofaJActioo. The qoADtitjr of water ontcring the ae* at the raouln 
of the Thamea is so little more tb&n aufficicDt to insure a 
permaoeiit stream, that it caooot afford to loae any triluitary, 
however smalt. Kveo wheu a single spring can ue l&kvu, it 
rarely happens that the flow is so regular as to b« sufficient 
withont a reservoir. In hillvdistricts it is usual to take ndranuige 
ofnaturaj irregularities of the land, and select the head of a valley 
where a convenient spaoe oao ba inolooed. Such eoibaokmenta 
arc notalwaysdanfferoui; but a weak point in thtt •tratifieation 
may bo the cause of an accident, as well aa faulu of conatruction. 
Heserrolrs are oeceeaary where the rftiufall of a district is to be 
collected and transferred to a distant spot. In T<ancashire and 
Yorkshire there arc several instances of this arrangement. The 
rainfall of tbe distnct, the form of tJie collecting ground, the ruck 
of whicli it is composed, and the dip of the rock, are matters of 
inquiry, and need the knowledge and experience of a geologist 
Manchester in supplied from the drainage of a gathering ground 
of 18,000 acres, at adistauceof IG miles from the city; Liverpool, 
from au area of 10,400 acres, 26 miles distant; Nowcaatle-on- 
Tyue, from 40O0 acres, IS milea distant; Ikiltoo, from 400 acres. 
4 miles distant 

The lecturer, in eoneluaioc, gave a brief notice of the water 
content* of the various British rocka. Tbe upper tertiaries of 
Knglaud, and the gravel, afford land springs. It U not till we 
i»euptrote the lower tertiaries, sud reach the permeable sands 
between the London clay and tbe chalk, that we obtain large 
supplie« from Artesian borings. The supply from tlie sands below 
the lA>odon clay ia extremely large. Chalk contains an enormous 
quantity of water, distributed through the maaa, though chiefly 
abandant in the lower part. Tbe lines of flint f»voar perculatioo, 
and ocoaaional spaces in tbe rock are generally full. Atiutervals 
Id the chalk are beds that hold back water iwtter thnn the rest 
Water may almost Always be obtiined by sinluDg into tbe chalk 
to A sufficient depth. Welts sunk through chalk into tbe upper 
l^reensand are not always more successful than those ti-nninating 
in the chalk; but the gault below the upper greensaod, being 
impermeable, wnt«r may be expected on reaching this hed. The 
lower greensands are extremely wet Large supplies may be 
expected frum sinking to this mck, but the quantity obuinable 
ftvm a single well, or from wells within a given distance of each 
other, is limited. Thtj water of tbe lower grecnsand is irony if 
got near the outcrop, but when filtered through other beds, 
especially when passing through clay, it becomes mure pure. 
Little water can be got from the Weald clay, nor ts the Hastings 
sand to bo depended on. The Kimmeridge clay and tlie Oxford 
eUy are retentive, and have little value as water-benting beds. 
Water is to be got between or even amongst these two bands of 
clay, but it depends on local conditions, and its presence cannot 
be assumed withovit proof. The Portland rock includes overlying 
atones and an underlying sand, the former of which holds water 
in orevioes, tlie latter in tin nuuu. The lower oolites contain 
water, the alternation of clays and open limestones being very 
frequent. The wells have to be sunk into the rock to ita plane of 
satumtion, or even through it to the clay, as tbe limestone does 
not otherwise yield a supply. Lias holds back water, so that at 
ita contact with the lower oolite there ia almoet always a lino of 
•pringf, and the supply ia Urge and constant Wells sunk into 
toe opper beds of the lioa rarely &il in obtainini; water, but the 
quality is not good. WelU sunk through the liaa obuin water 
Iroro the new reo saDdatone. Wells sunk iu the new red sand- 
stnne are almost certain of suooeas; hut, owisg t« the number of 
close faults, the quantity cannot be depended on, and the water 
ii apt to be salt llie new red aandatone ia eminently a watei^ 
bearing bed, and the numerous alternations of marl and sand 
render it |xiaiiible to obtain water from almost all depths. Tbe 
maguesian limestone is full of cavities filled with water to a 
certain level. In the eoal nMaaaren, and in the mountain 
limestone, wherever there iianimpemieable baud between strata, 
or at &utu, water is found. Tbe faulted condition of tbe 
carboniferous and older mcka in England greatly affects Uie water 
capacity of the rock. The old red sandstone is a variable rock, 
sometimes containing much water in sandy beds, sometimes iu 
cavities, and, at intervals, between the strata. There is 
geuerally a good store of water wherever this rock prevaiU. 



In Silurian rocks water is got from faults and fissures, which 
arc very numerous. The limestones of this period aie, for 
the mnst iiart, areillaoeous, and bold back water. States, 
achista, and all vanoties of grunitc, hold water only in fiaaures. 
Where there is a considerable rainfall these roelu sometimes 
afford large supplies. Little dependence can be placed on them, 
for the fissures do not communicate readily from one to another. 
A remarkable instance of succeaafnl sinking in granite exists in 
the island of Jersey, where a sinking was commenced in the solid 
granite, and was continued to a depth of 23-1 feet, all compact 
rock. At this depth aspnug was reached which rose seventy feet 
in the shaft, and has continued at tbat leveL 
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Ptb. 7. —The paper read wh " Tht Chtjf-Air Bridgt, MadroM 
SaiiKny." By K. JOBVSON, M. Inst. C.S. 

Tbe author ntinarked that, the River Cbey-Alr presented the luuij 
features iwX with in ntiarly all tbe Ur^ nvttn of .Soutbom India. 1'be 
bankn were generally low and itl-dnfinRd, and the bed, for almust lbs 
entire width, and to an unknown depth, consisted of clean sharp sand. 
h'or uiae uiuoilbs dtuiug tbe year tbu bed was perfectly dij, being 
subject ooly to heavy floa>ds in ibe months tif Hay, June, and Kovptsber; 
bub, oven during the driest wasons, tbe aobstratotn was always chaiged 
with water to within 2 or S feet of the surface. 

The bridge was situated on tbe North-West line, at a distance of \4Z 
milM from Madras; tbe extreme width of tbe river at the pvini of 
erossiag was S^ISO feet, the drainage wea being about 2*272 square nulc«, 
and tlut toil of tbe stnaiu at tbe nt« of U foei per nuk. At a disuooe 
of 20 cUaitu sbuvti Lh« bridge, the river separated iuio two diatioct 
channeU, that on the enuth being 1600 feet in width, and that on tbe 
north 1254 f«el in winhb. and at tbe point ol crossing tbe bank dividing 
the two was Mi feet in width. The bighsst point of tbe bsnk wa« £ 57 
feet above tbe bed of tbe river, and 2~27 feet higher than the geaenl 
iawl uf tJi« huid for sottu: duitouce on oacb aide at Uie river. As it Wkt 
ascertained that tbe highest knows flood only covernd tbe I>aiik to a depth 
of 14 inchss, it was detemuDed to make this pnrtion uf the work a solid 
ombonkmeat, and to spaa tbe two arms of tbe rivei by diatinDt tiHdges: 
that on the south oontoined twoaly-twoopenfaigs, while thM on tbe north 
bad sixteen openings, esob 70 feet span nom oentie to centre of the pien. 

The tnen were boitt of maaonry, laid on timber pUtforms, ploeed 
within dams, at a depth of 15 feet bulow the bed of the rivsr, tits sBpa* 
structure beiiigoompi>eed of onlin&r)- boiler-pUlu girdera. Ia coDuueocing 
the oporatiuus, the sand over the ait« of the intended djuii wu tint 
TOnovrd, until the water waa reached. The dimeooicaw of the dHoi. 53 
feet bv 22 foet, behig then set out, piles, 9 iaohss soaan, were drivu-a at 
intervals of 10 feet, to a depth of 18 feet, the beans bahig cut off lerd 
with tbe water. Tbo piles were Kcurcd by woIiog-pioosB, and were 
strongly braoed ooross. Close planking, 2^ inobus in tbiekoess, was next 
let diiwa behind tbe piles, and the space around tbo dun woa backed up 
with oUy and gnss sods, to prevent tbe sood ima shpping in. Thm 
Pioottoh pumps were afterwards fixed at intervals of 8 feet along three 
■ides of tos dams, being supported on elcepera, bedded eo olsy, one end 
of each sleeper resting on tbe waling-]Neces. Eoehdam waasurTvunded by 
a wooden trough, for recvJving the water raised from the foundation pit, 
and ibis troogb communicated with a channel, cut to a dejitb of atioot 
5 feet at the omiimeaosuitint, and tf^rmioating on the Burface at a diatanoe 
of 50 chains <li>wn tbe river. This was rend«r«ri pnwible by the fall of 
the river, 11 feet per mile, and the lift wsi thus reduced from 15 ftct tu 
10 feet, Tbe Pioottah pump was much uoed in monv parts of Houthem 
India fur irrigation purpoen, and it liiul Iwun fuund very rSti:icut for 
emptyiitg foundation pita. It conDitted iiiiti)>ly of a balooce lever, one end 
of which was weighted by a man walking np and down the lever, while 
to the other end a backut wan mxpcnilrd by a long bamboo, another niOQ 
itonding OB a ntaging in tbe daiu, guiding the bucket, and fUltng and 
emptying it. The bucket wae made of tbin sheet tract, and was eepohle 
of coutoming about 5 gallons. Two wsO-traiaed men weald raise oa an 
average about S5 gallons per mumte, i^wre tbe lift did not exceed B or 
10 feet. At the Ca«y-Air bridge, it was found neoeasary to use at each 
dam iJdrty-idx of these pumps, worked by a gang uf seventy-two coolies^ 
who woe Tslisvod every six hours, and who nuaed on an average 1240 
gallons per minute, tbe mean lift b^g fimm 7 to 6 feet. 

The timber platfrirms wure of aucha and eloopay, both close hard-grained 
woods; and, InnnR L-nLin-ly protect^;! frum the ^teruate action uf air and 
water, it was bcbsvud ibey would be very durable. These platforms 
were 42 feet in length by 18 feet in width; tbe main beams and 
transverse ptoces were 12 mch<« square, and over these there woe a 
itooring of ueeper* 10 feet long and 10 inches by 6 inehae in seotiflst. Ob 
this flooring heavy eonrsos U well taedded, bard, ola^ mogaeaiaa lim^ 
stone, the Uocks varying in stse from ( to | of a cubic yanl, were built 
in hydraulic mortar, and wall grouted, up to within 18 iacbaa of the bed 
of tie river, and tberefore about 18 inobes above tha lowest level lo which 
tbe water aubnded in the sand. Above this point, the masonry oonaistod 
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-f - i;-v. -~,|Qm^ niAjiaKum limestoBa, obtained From a qunrry titnatvd 

. M>in tbe M'xrl;, and whiob wu delivered at tbt^ liridgc, hy a 

r.rmetor, *t ibo ruta of 5«. 6*/. per cubic yanl, aubjuct U> ft 

dtf'liictiiiii ufon«-s4i«i.-ntb for bad •tacking. No apprecJabltt MtUemaat 

wiu noli «d after ih*i fint ciiune of luiuoLiiy wiu laid. Tbn piling ami 

I ttmbM* arr>und th« d&ina had, bi uvcry iii]itan«e. remainol undistiirbod; 

th* «pac9 betwiNiii thpni lunl thit inaHtuiry liod l>c(.-a IjUl-J iu with 

lie ituDC! to a dvpth of i> fe«t. Tiip wmrlid b;itl withiUnxi Uic uiuMoona 

ditnuf tltive vi-arn, w/b<<ti^ftb<<wm|;the6ligat<!8t indiontimi of any Kour; 

in bet, after hot vv rio<>dB. ui> iUtvnt;i»n took place in tbr bed r>f tbc river. 

Tbe ti>Lt4 ciwt (j( prvprnnij: a un^-le dam, wltk timb«r placfonn 

complete, rr'aily bo ixiurivit tkio uiaaoury, waa 

Pile tiriving £1* 8 6 

Exoavntinn ... ... 38 18 

PHmpJniJ ... ... 51) 2 

TiKiher pUtfona ... ... 37 9 

fl50 7 fl 

Hh bridge coobuncd 16,320 cubio jardi of maaonrr, ezemitodatacoak 
of 1' 1^,6^1. Tbe workji were coinmc-nn.'d on tbc IStb* Aiigiut, l^^O, and 
were compioted ready to receive tbo ^nlt-n on tbc ItJth Jaiiuar>', 1^^02. 
Ro5p^ctiog the cbanict«r of llie work yet retnaiuing to bo duno. !t was 
'aie>l tliat it woidil bo mml/ a repetttion i>f what bad already been 
«CUt«<l in tbc caM* of fevenil large liridges un th« satnt) line of railway. 
t iUuitrmtiim, the supcratruiMure of the brid|^ over the River Cavery 
alliidiHl to, tbw epaiii ajid all eHHential partictiljuv being identical. 
~ drm vera cnutinnDiui over two spaiu, and wcro tbuu 1 jO fe«t in 
'lliey vrere onUoary b<)ilpr-ptat« (^irdvra, ho pruportimied aa to 
j^n a iDaximQia strain of 5 tons per square inch on tb^ cxtundrd parta, 
nd 4 Xnivt per Miuaroi bicb nn the coinprCNW^I parte, K.v-h l^m^^ of 1 40 
el waa compoaed of Ihruo purlinn<i; the <-c3tr.>d une wm ^Ofcvt in length, 
id bad iu centre orcr Hiv luMJio [licr. while the two muIb were each 
'} fMt in langtb, and rxben(It!<l ti> tbe ocatrcs of ibe twu adjaocnt piers. 
to poailinn nf the joints w»s dutcrmiii«il tiy calculation, ki Ik about bhe 
OtnU uf L-outrary floxnre, in varinaH stutaa uf distribation of tbe load. 
..tie three pfooe» were joined to^ciht-r on a platform adjaoent to tbe 
^Uttntnt; and when thu was accoinpli<)b>*d, the two firdera were con- 
ed byororitt bracing, and by a lyaWm i>f longitudinal bracin)^, fanned 
k "hening-bune " arniii)^iDua! uf hiiif tirobun, bulUnl to tlie under side 
1 thf cnuw-beArern, by which tbn r»'U wtv carrird, It was [nuinl, by 
;>erirapnt, that when thfi i.nlinarv' y imn cmw t>rafing alunu was fixeJ, 
! TifarattotiB iif a pair of pirdcts cnuld be increovcd t" about 5 inches, 
tbu nppticatioD of a nioilemtt- Uti-nd V^nx mxhrouowi with these 
nbrali-ms; whilst on the addition «if tii'.* herriiii,'-bui)e bracing, it became 
MMiblo to produce any appriH:iaMe vibration br rach nieiuu<. For 
[Hlipoae of get^g the girdon into their piace«, at the top of 
1 pier two frainaa were erected, each oarryit;;; two mlleni in tbe 
I uf the oontarea of tbe girdere. To tlie underwiile of the latter, mils 
ere attached, with their ruuitiug faoee downwanlB. The girders were 
Gr«t lifted, by jacks, frnuj the pliitfumui, when Huvsral rollers were Axed 
•>n the pjAtfomH, and the ginbm were then allowed to nist on the 
raOen- Tiv girders were next hauled forwanl by a powerful crab 
tooVle plaut^ on nn^ of tbe piors in advance, and so were ultimately 
Ulccu Ui tbc further end of the bridge: tbe remainder Iwing 
hauled over in fuccessioD. Haviiig Uius adwayi two bearing points, 
with the centrr; nf gravity between ihRm. there was no tcntleiicy to tilt, 
] on nrerssity for Ht.v.'iiiu i<r KcaffoliHni; — a maturial atlvnotago in tbe 
» of rivers subject to Duddeu Hoods of extreme Tif>lence. 

Fthrwxry H.— The Paper read was "Gijar^s hjtetor," bj Joair 
'ncLA.Tp, M. Inst. C,E. 

Beforu entering lulu a description o( this inttnunent, tbe author 

" ' 1 to what had been previously done, for raising or forcing water 

at of n jet of steam, and apnaratiu without mmnng part«i; btclndi^g 

tplamsrif Si-tlomon de Vntv, r<i David lUiiweyp, uf tbe Martinis of 

f^oroerter. r>f Snverr, in 1 (i'.*S, Mid »f the MarT)uis dc Maiiout^ d'Ectot, 

1 1618. It wioi <dKK>rved that wLen Maooury, by tbe same means aa 

Mftay, bad nuMtd water t^i the hoight due to atntospberic pressure, 

Mtwid "(, like Savery, carryiii); it further by means of a steam-jet, be 

Buplfiyrit a w^iter-j^t, nn the prinriple of Mnntgnlfier's vhUt ram, for 

imiaing it to the rrquirod height ; so that .Savery's methoij, though mora 

'' tiun B ceotory older than Manoury's, Appmaelic*! nearer m the apparatus 

itbdor eouidCTEtioa. 

In daacriUni; the mcclunism of tbe IiijccUir, the author dindcd the 
llbslruuienl inl'i twn dUUnet pat-te, by an iiiuigiiiary |>ljLue at rit'ht 
|[|« U) the axtR, thmoi^b tbe space between the two noulAs, through 
I o( which tbe jet of mixed ittfam acd watvr was fumed, by the 
Mfw from tbe boiler, while the other received this jet of mixcl sl«am 
l%al«rfor transmission to the boiler. The instrument oonaisted of 
kCyllBder, having Sxed in it. below tbe level of the inlet, o( the fced- 
wmt.>r » '-^-•aical piece, callml the "lanoe." Sliding in the upper part of 
•- r was a [perforated tuhn, with a tapering tenuinaton called 

t. Mnd this totw woA wnrked by abait'lltt and scn^w, by which 

^th>- *i»A .if the anniilnr pasaage for tbe feed-water, formed by tbeoonicat 
ill tttf cylinder and the tapering tcrmlualbn of the tube, could be 



varieil at pleasure, according to the temperature of the fet^l-wster and 
tbe prtMBure in tlie b^iilrr, as the higher the presanre the greater thu 
upeoiug required. Within the tube Uiere waa » aoUd plug, called the 
noeillc, worked by utotb&r handlo aiul icrow, and likowise having a 
tapering end, by wbicb the area of the steam passage could be incretuied 
<ir diuiiuisbud, by the letM or greaitr extent of th« insertinn of the needle 
in the tuyirn;. When sdjusteil for work, the action of tbe steam-jet 
from tlie tiiy>;re wiu nuch, Uiut a C4>lumn of oouuuioglod water and 
steam, cailod the 'ftbcaf,' wst- projected In the direction uf the axis of 
tbe instruiuvnt, thmogh tbe ic^rmiiiiis of the ' lance.' In tbe axis of the 
'lance,' and at a short distance fmm its end, waa fixed the sectiQd part 
of the apparatus, conusling simply nf a divergent tube, whose pnipertitts 
bad long been icaonii, but of tbe apyJication nf which no one appeanxl 
Ui luLVH ibouglit; till the inventor of this instrument avulod himself of 
it, with so much ingenuity and succeai Leading direoUy to tbe boiler, 
this tube was furuishe'I vfitii a valve, which, when the wttfk was stopped, 
closed with tbe back jireiuiure. 

Two modifications of the firat par^ of the apparatus wen then ootiosd. 
In one, which liatl be«n supplied for a stationary Ixoler, the tuy^ 
instead of sliding with the inner tube, wtia Used to tile cylinder, so thai 
it became tbe terminus of tbc nteam pi[>e from the builer ; and tJie inner 
tube, instead of carrying tho needle, contained the 'lanoe' and the diver- 
gent tube, and was now, when loovod fcowards tbe fixed tujbr, the 
water adjustment, tho packing between the water and tbe steuun cbambers 
which with the moving tuy^ was neeilerl, being dispuoied with. In 
the uLlier, wbicb was a modificatioo of thii latter, by M. Turck. the 
water chiunber was isoIal«d by the uitier tube; and tbe inner tube, 
instead nf carrying the ' lance ' aud ibu divergent tube, move^l 
inile)iendcntlv of Dieui, as well as of tbe needle ; thus not uuty dispensing 
with tlie pairking betwittm the water and rtoaxn chambers, Imt gwttlng 
rid uf pat-kJTtg alU)gether. 

The form of the "lance' had been determined, principally, by experi- 
ment. I'be minimum section of tlic divergent tube was the unit br 
which the uther parts of die iostrument were measured and proportiouea, 
and dotermtned its forest of injectinn. Kxjieninents had given 1*3 for 
the orifice of tlie 'lance,' or nearly thftt of the tuyere; but at very high 
]ir«<«Riirt.s this must be reduced to unity, the tuyere then being 1'^, 

lCe«]i«ctiug the {diysical propertiisti of the 'sbeat.' it was remarkod 
that the indnagbt of the fe4Hl'wat«r was accounted for, in the same 
iiumuer as tbe working of water bellows, or tbe blast in locomotive 
chiuiriey», by the abetntctiou of vU viva due tu an instantaneous chango 
i4 velocity. The f«cd-watwr mixing with the mote* steam, wbii-h it 
partially condensed, reeulted in a sheaf tnade up of miunte spheres, 
wUvh, if received into a gbun veaseL disappeared with tbe oessatioa of 
tnotiou. Experiments proved tliat the velntnty «f the sheaf, so oompoeed 
of spherical pwticles, was greatly in exoeas of that doe tu the quiescent 
force of tbe water in a boiler which it baai t>i overoome. When leaving 
tho )>oilor At a teinperntnre due to its pressure, the steuD eici^wd fran 
the tuyere, and penetrated a lic^uid whoso temperature was moch leu, 
a sudden change tmk place — an instantaneous couversion of heat into 
work . It was easy to icxpivaB, algeliFtueally, the useftU effect resulting 
from this mork : it was the foroe of projection with which tbe sheaf in 
each time-umt was moving i A wns ihu dynauUc quantity which woidd 
be turned into useful work. This quantity had for expression, tbe 
inoomratkot of the uuMs with onc^ liiUf rhc equaru uf its Telocity. With 
this foroe of projection, tbe sheaf ufter leaving the 'laooe,* and travcning 
tbu Hp»ce in oommunioaUon with tbe atnmsphere, eoeomitered the 
quiescent foroe *4 the WKtor in tbe boiler, the moment it passe^I the 
minimum section of the div(:rg>>nt tube, the slight taper of which per- 
mltted, witti minimum frictJon, tbe expanaii>n of tbe sheaf around its a.iis. 
As tfiis rcffnlt of the back pressure from the boiler budc place, tbe 
velocity nf each element boitig coQTertad into preenini, the sum nf theao 
oSecte roprrwentcd ihe total energy of Uie sheaf. In oilier words. It* 
jirvssure. In every aticuessive cross section of the divergent tube, beoaaw 
greattrr, till at tho eud it attained the maximum, and entered the boiler. 
From the moment onwanl moUon bvf^au and tbe wurk of injection took 
place, then, from the coDtrmotton of the shoaf in tbe 'Uncu,' tn its 
eipuisien in tbc divergent tube, a simple phenomenon of ttquii) fluid, 
as m a conduit, was produced. 

Tlie .tulbor next alluded, in detail, to a liable showing tbc condttiuns 
of workiug the Injector for which he was indebted to M. Turck, uf 
the Weatcru Kailway of France ; and gave onotbifr table exhibiting tbe 
quantity of water injected per itquare miUiinl-trv of the minimum section 
L>f the divergent tube, in gallons per minute, by instrunionw of four 
ct>mp;uiics, acoording to exfwrimente made by the " Compagniede rOuevt." 
Tlie mode of worldng with the Injector on tbe Western Railway of 
France was, according U> M. Turck, as foUowe ^— N'^t'«m wss maintained 
to the iuilicaled preMure of 9^ atmospherea, going down inclines the 
Wilcr was filled to tbe maximum water level, and it was suppUeil during 
8lop|)Mge« at statious, core heiag taken to arrive with low M-alu*. In 
llK>ie station* where the engine had t4> reouun some hours before Ktorting 
tbc steam was at 2, or at most 3 atniospberea, and as soon as the imgine 
wss shunted, the Injocton wure set Ui work to fill the hoiW, uHtng up 
tlie 4tr«m. which would, with pumps and with^iut a doukcy engioe be 
wasted^ t*i U. There were engine-iued vhu when the steam was blown 
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off, which Mklom hftpf>cncfl, were enabled to bemt the water in the tender. 
ADit who by fatding on thv inolincB uid at itatlnuB, nareO, M compu«d 
with Ibo uune boilflra fed wUli punipn, but without A donbey eogiiw, ft 
kiiognunioe uid ft half of fuel pt5r kilometre. 

tSb l«l of the Injector a(ipearwl to \v it* oompduriwn with vi «pp«r«- 
tni Hucb M Mr. iVattie't, which abctricUng its first ouat^ and that of 
malntvuuict) hy utilizing' the beat of the exhaast rteam, and by delivGrin^ 
the water ivt the iKiiling poiiil. woa aHerted to effect a aaving vS fuel to 
lh» extent of 13i fe oeot an oomparod with aay prmxea Own than that 
nf the Injectt-r, delivering foedingf water U the lumpefature of 50". The 
apnaratui wan dt«cribcd, but it wm (^intended that thii method did not 
effect » ■aving of mow than S per cent. To set againit thw there waa 
the excess of flirt coat and of m^nteuanw, the greater liability to •coident* 
ud the incteaee of hock prewiire. Tbe*e wsn deemed tn be so oooai- 
derable that mo§t nuhrar oompanie*, both at home and ahroail, now 
adopted the Injector for aU new en^neo. 

It waa ohwirvrd that the application of thi« iMtnunonl H on elerator 
opened a wi<lt' field for iu employment, anil in onocltuion a Iwt wac gireu 
of all that lia*! bc^-n publuhod in France and in thin country reUtive to 
the Iniect^>r, whioh, with the exoeption of the tnfonoaUoD fumiahed by 
IkL Torek, had fonaed the data on wluch the paper hod been ptepAred. 



THE CONSTRTTCTION OF THE.\.TREa* 
By Wakkim^tom Tatloe. 

Thi oooalructioD or theatres, from their Bcardty, oncapiea the 
attention of &rcbileots leaathau any other clnssofbuildiug. Itia 
well thnt it is so; for the habits of a couutry truly ilonieetic do 
not demand aninsemeDi away from ilic lin'-stdt. In southern 
oonotriea matters are diflereDt; people live more ont of doors, and 
take a deeper interest in stige performaDceo. In this paper it 
will become ueoeasary to point out the differences between the 
Teqniroments of a foreign theatre and an Eugliab one, and there- 
fore we bHuII have opportunities of judging our peculiar wants. 
Stich a theatre as the new Opera House in Paris, which is 
eascntially a CioTeroiucot establishment, would bo wholly useless 
in England, where a theatre is a private speculation. Concerning 
the pliwis, which are deposited lo the llbrnry here, I shall remark 
that tbev do uut show any originalilT of nrnuigemen t, nor do I 
ase anytiiing practice in the plan. I find it an exaggerated and 
badtj proportioned copy of Munich, with which it will not 
ooaipaT« for oompactuess. Modern arclniects imagine that a 
theatre ts an intensely difficult building to carry oat, and consider 
themselves very important men wheu they hnve one to build. 
For my own part 1 cannot »ee that a theatre is a diflictilt building 
to arrango; it requires only common sense, and atieniiou to the 
absolute ^vants of the plac«. It requirea none of the higher 
facottion of the architects — vi:e. poetr}'. A theatre is only nsed 
for a few hours every evuuing; very few people live in it, only 
fireman, hall porter, aod housekeeper. The arrangements aro 
strictly practical, just what are wanted for ibu few hours it is 
used. 

Tlie great Law to be observetl in bailding n theatre is this: 
whenever two possagw meet, by which an exit takes place; from 
that point on, the paasage sboold be double the size, in order to 
let the double orowd pass easily down. Your passages and 
■tftlreaaes ahoold be direct, never to give your audionco a chance 
of ohooaing by which way itshoald go down; they do not then 
hesiuite or stop tbe way at all. Id case of fire, how important 
this is we all know. In the new Opera House in Paris tlie plims 
•oew to OM to be most deficient in this rtspect; tbe targe halUi 
and staircases will give rise to much lounging about. Ey this 
mie of doabling the size of the passages where they meet, you 
must arrange the widtli of ihit lobbies and otliRr |Hirts. This 
appears ti> be the tniest principle of arriving at a comfortable 
and safe theatre. As regards the street, you mnst obviate 
bringing two crowds together, such as the pit and gallery, for 
yon nlock up tbe pathwRy, the box people cannot gel to their 
eaniages, and the police are annoyed in their duties. Here ia 
the importance of getting a site at the comer of a Mtreet or au 
open square. Two stoircaaes to the gallery you may generally 
DDtain, although only one would be used as an entrnuce. Vour 
rarions tiers, if they are circles let in single seats, you must avoid 
bringing tiigeLher into one maas, far thiiy then congregate and 
do not get away. In England, however, it is most necessnrir to 
provide a proper "crnsU" and wniting room, where th« carnnge 
audience may wait; but the passage from this to tbe outside 
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should not be crammed op by the people who are going to walk 
away from the theatre; I mean, you must let your foot people 
oat clear, without bringlug the two together at the v«>ry doors, 
and certainly net bring the foot people through the crush room. 
Above all things keep your pit exit ivway from (hat of tite botes. 
If you can arrange to let tbt* f<K)t penplu out by the »i<ie of the 
theatre, aod keep the front for the carringca, you will facilitate 
the matter still more. Proper closk rooms, with wuhing coo- 
Teniences and water closets, the refreshment ruom'>, the box 
office, are all neoessary adjuncts. 

Wi> now come to consider the form of the theatre. Ererybody 
must know that at the side nnvnne sitting at the back can never 
Bee the perfomianoe; hence tLe sides must be kept fur privnte 
boxes, which, being mtliciently large, will afford good accommo- 
dation for four people. No modem theatre can be required to 
bold above S50O people; fH.>rbapa a verv chenp place of amos^ 
meat, with unusunlly large gallery anil pit, may nH)aire room 
for 3000 — lucky is th« director who cnti till it for any length of 
time. If you can build so large a house as this, no «ihnpe is as 
good ns that of Her Majeflty'a — vir.. the hntf circle continued with 
straight sides rerr slightly ooutracted as they near the stage; 
the tiers one exactly beuL-ath the other, no one projecting beyond 
the other. At Dmry Lnue the iters are nnusiially dcKfi, from 
one house having been built inside the other; but this is not so 
good for sound. If it is a smnll houM, au adaptation of the 
balcon principle must be adhered to, in order to get snllicieDt 
plaoes. One of the best studips of this sort of house is that at 
Mayenoe, given in Kerguimoirs * U»odbook of Architecture.' 
Tbe round crirners at the sta^e end of the balcon at the Adelphi 
are very unsightly in shape; they should come sharp away from 
the side, 

As to sound all the elabornle theories have failed to prodvee a 

SHVct house. The very best theatre in the worM for tonnd is 
er Majest^r's, which was cenjiiuly built without any snoh 
scieutitio prmciples. But I will explain how it is t bat yon do 
bear so well in that theatre. The shape of it is like a drum, and 
ike wall of tlie auditorium is flat Tbe brick wall ought always 
t<» be at the bttck of the boxes, although for safety against fire 
yon require anoiher wall at the back of the lobby. If tbe wall 
at the back of the boxes be only of ciuras, or plastered, yon can- 
not ex|>eot good acoustic; h.inging)i, curtains, papers, are all 
against good sound. At Her Majesty's there are uo projectiDg 
ornameuta of any kind — the outside of the boxes is fiat and eTCO. 
This is a great secret in theatrical decoration; all ornament IQ 
relief is fatal to sound, it stops its progress and true course. 
The pit tier fits light on to the door; there is no walk underneath 
the lower tier at the back of the jitt, as is vei7 oommou in small 
houses; and, finally, the crowuiug eSect of all is the ceiling: it 
is |»erfectly smoath and even, without any ornamentation in 
relief, and in form in a slight dome; it fita on to the top of the 
house like the top of a violin, — in fact, athentre ought to be a 
sort of a violin, with the nudience sitting inside it. The top 
of the house ought to follow the shape of the lower (jarl exactly. 
Never was there such au egregious mistake as building a square 
top to a theatre that is round below, as at Coreot Qarden, The 
ceiling mast fit on like the top of a pomatum pot, right away 
from just above the proscenium, which should flow with a 
smooth continuous cuive iuto it. Ai-chitectui-al pillars and 
other excrescences by the stage boxes I look n|>tin as perfect 
abominations; they arc liideuus, and spoil sound. Nothing iaw 
beautiful as the smooth run of the boxes straight up to tbe 
prosceninm frame, and nothing is h eioellent for douuil. 

About intricate machinery I shall have something to say 
further on, when spesking of the stage. The pit fioor at 
CoventOanleu was made to he raise<l up to a level with thesUige 
in case of promennde concerts, but this haM never been done, as it 
waa found easier to build a platform over the pit. The oeceasuy 
framing and boarding in squares once m»de and numbered 
may be put at any time in thirty-six hours. The fire-proof 
cousti-action of a tlie«tre, as fur as |>ossible, will be best nltoined 
by proper arching; but the combination of iron with brick or 
stone, I can only look upon as cheap and bungling substitnta 
for true arch construction. Ventilation will be beat attained by 
strict attention lo simplicity, elaborate systems invariably fail; 
]tlenty of holes near the centre of the ceiling, and a high pitched 
roof above, with large dormer windows, will secare the beat> 
I am certain. About this high pitched roof I bare eomethiog to 
say. Over the nuditortum it ia excellent for this very pu: 
of voutilatigu; secondly it gives you a large room above for 
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paiotiDg, and too maoj places for this parpoee 70a caaont have, 
M everrobe knows who is aoquaiated with the pro<laeLioQ of a 
fMUttomiine, or naj elaborate piece within a given limit. Over 
the ata^ a higli pitched roof iDSDr«« the b««t working of the drop 
aoenet, for up in the top of the gable you place the biirrel Scor; 
being then in the centre, it secures as smooth an ascent and 
duacent of the cloths as you c»n wish. How to light a thei«lre 
has of lAt« years become a question of constderable importance, 
bat I think without reason. Suroly in an English thentre we 
hare enough light £>o yon not see one another sutBcientlyf 
I>o ladies want anv more light to expose their pcrn0n.1l charms 
Add OOSlninefiT On the side of the mnna;;er, 1 must nay the gas 
bill taa fearful itemof ex|x-tidilure. You wont to cut it down, not 
to iaerease it. I think we have sufficient light at present, but it 
tnii^ht he better distributed, or made softer. The new syRtena of 
li^jhling through a rIass roof, ns at the Theatre Lyricjue, iu 
nris, consumes treble the quantity of gas. Moreover, n glaxs 
and iron roof is had for sonnd : you will never make a \*iolin of 

fluB awl iron, and this I think settles the question of sound, 
revertkeleas, a pA'lial adoption of the system in the centre <if 
the oeiliog might be .idnpted; but the chimney above it iiiust be 
made to move; to that in the day time, when nccess-iry, the 
whole floor above may be used for painting purposes. Lampe in 
fmnt of the boxes are Intolerable from the heat they throw out 
The fuot lights have also received attention of late, but some 
light here is vcrv necessary for stage effectH, yon cauoot do away 
with it By slanting down the sUifle a little;, the footliKlit 
armngeraent, whatever it is, may be hidden, but in doing this 
care must be laken how the ehai.low falls un the cloths behind. 
The principle of a double pipe for green and white tights, aa used 
at the Lyceum, is no novelty; it was iutrodooed mnny years ago 
in the North of Knglnud. In fact I would warn architects against 
"flash" advertiniug gas firms, if you want your work well done. 
Grit a good old'faiiliiooed ttagt gas man who has sonie experience 
iu r^nch matters. Of coarse, what inventions may come up in the 
future wc kniiw not, bat speaking strictly of the present I hare 
•ecn nothing at all extraordinary, or likely to bo of any great 
benelit The gas ptpvH in a theatre should be vifible in cnseof an 
•■eape, not liidduu away in walls where no ono can get at theiu; 
ttod the room of the meters shoald be a strongly arched vault for 
•afety against explosion. There should be a large air shaft to 
veolilate this, and let away any escape of gaa. Iu r«fereucc to 
the wanning apparatus I have little to say, except that it must 
apfJy to both stage and auditorium. Architect* in ibo present 
day know well the varions systems; they have only to choose 
Ibe safest aud most economical. 

Uerv let us rest awhile^ and critically examine some few of the 
foreign aud English theatres, at least just to observe some de^Aila 
of arraugenient But I must warn you, that I consider there is 
no theatre in Europe that can be consideretl a model in any way 
) Ml all. Z do not know any theatre that fulfiU the wauta of its 
locality, much more aenre sa a model fur an English metropolitan 
or a provincial house. If a theatre is to be worth anythiug, it 
must be arraiigeil frum A to Z, tfe novo by the architect, and 
built for the especial site and for the purposes required by the 

• locality. It is of 00 earthly use studying other theatres, it is 

• ao much time tost. The architect mast use htsowu brains; aud 
^ if he ia gifted with plenty, be will build a good theatre; not 

without The new Opet« Uoase at Paris seems to me to be 
Tery praiseworthy in respect toitacooscientioua arching through- 
out : there is none of that peculiar English ahoiD, oar construction 
of brick with iron; it is throughout ^nd'^; arched conatnictiou. 
The basement seems to be nrr&ngixl for cartain especially luail 
[ nqoiremeota, and thoroughly thought out; this, however, cau be 
no guide to yon, became you will have different reqaireineats in 
every theatre. 
The arranueraent of the paasaMS in the front of the house is 
r certainly bad, but they are so disproportionately immense, in 
^•oniparwon with the number of spMtators it is intended to hold, 
1 that much harm caunok arise. This huge building ia only to seat 
StXtO peraoDs., Just think of the area of Her Majesty's, which 
holds quite as many 1 Howevej', tJie passages are so large, that 
ibis number cannot crowd very much. Still, the fault remains 
Vhere it was; the staircases are arranged for grandeur of effect, 
not with the idea of use — not in accordance with the precepts I 
have laid down. But I may here once and for alt wiy, that you 
I vill not find one single theatre in Europe where the paasagcs nro 
what they ought to be. It rcmainu for on architect of the future 
la boUd a theatre well arranged in this reepeot, All theatres are 



sacrificed for grand halls; all the exit maaagM are made to lead 
into this hair l>armaladt has stood go<Tfather for half the 
modern theatres of Kuropo; Muuich, Berlin, Moscow, and now 
Paris, are all godsons; only Paris is a giant* but iiecidedly 
deformed. In all these theatres tlic idea has been to collect the 
people into the hall. Coup tVxil, thai has been the idea; reaaon, 
C'lnifurt, and safety BacriBce<l for outward show. I can uiy 
nothing about their naasages and front arrangements but this— 
they are not worth toe tronbKi of looking at. I will gtuiniiitre 
that if you pay attention la the simple rule of doubling the Hize 
of a passage wherever two meet, and of lea<lilig them out dJl-L'Ctly 
without turns, and without bringing them all into the front hall, 
you will produce a better house than any iu Europe. For ihe 
urrangement of the dressing rooms, 1 think Munich \» probably 
as good as any; but you can arrange this better by yourself, by 
your own brains tlHin by studying Munich. If I have to call yonr 
attention to any theatre in Eurot>e as worthy of study— not ns a 
model at all, not as being of any value to you, but as a mental 
exercise — it is to the Colosseum at Rome. I thiuk Mayence and 
Dresden curious exereisea worthy of being seen. A theatre 1 
never examined, but have been told its wardrobes were so 
complete, is Warsaw. The Victoria theatre, at Berlin, is ft 
curiosity not without interest, a double theatre, one for winter 
and summer. Iu EugLand we have HOme proviucial theatres 
more or leas well arranged; and some of the very old ones are 
often very practical, places that have been tnrned into theatres. 
Covent Qarden, the largest of our most recent works, with the 
exception of those good points I have pointed out, is excessively 
fanlty; that one staircase and large ball, with the narrow road- 
way for carriages, and no room for foot people, is very bad, and 
all the passage* lend to this ball. Sometlimg very different might 
have been done on that site — two streets, and an entrance into 
Covent Garden. The whole thing was sacrificed to ilint iK)riiL'n 
— the evil apirit of grandeur. The old theatre in the Haymarket, 
cramped as that is for room, is emptied in half the time. A full 
night in Covent Garden, the whole place is blocked up after the 
performance is over. There is a carious idea here too, of a door 
out of tbe box lobbies into ihe gallerv stnircaac. I suppose thia is 
inteoded to let the people out in case of fire; but imagine the 
confusion, with the immense gallery tearing headlong down the 
stairs I 

We oome now to a very important point, the decoration of the 
interior. Great colouring and great decoration are not obliuued 
by rule. If anyone would compare scientific with veritably art- 
istic decoration, there is an excellent chance at South Iveoaington. 
One of the Courts at the side of the first hall has been elaborately 
decorated by one of out first ^'scientific" — remark "scioniific"— 
deoorntists. Anythiug more coldly mouotouous and exact than 
the colouring you could not find. Welt, just below thin are two 
or three Hplcndid cancA of Japanese and Chinese wares, and their 
decoration, you know well, la not "scientific," but artistic. The 
contrast is really curious; the e^tquisite design, fancy, and colour, 
of these Japanese and Chinese w.tres in must marked when 
compared with the machiue-tike monotony of the ecieutific. How 
is it pottaible we can have decoration when it is not put under 
the direction of great artists 7 The decorator of the present day 
is a separate being from the painter; the decorator nas heoome 
paperhangcr. Tou cannot have decoration unless you do »% wat 
done in the middle ages — putitiu the tiandsof agreat ixiiQter. It 
is not absolutely neoeaaary that ho should execute all the work; 
hut it is necessary that he should direct the whole. In the case 
of a theatre thia would by no means be diSicnlc, becaumi the 
decoration must be of a kind to be easily renewed^ the interiors 
•o soon become dirty. Very elaboratu hiy^hly finished paintings 
art! out of place; in a few years they would be destroyed, aud 
must be renewed. Therefore the decoration must b« a Him pie 
etfect of colour; superintended and directod by a thoroughly 
great colourist. 

I have said already that all relief is inadmissable on account 
of its iiijuriooB effeet apon sonnd; uud I will further add, that 
everythiug in relief oatcnee the dust, and soon makes the hoose 
look shabby; it is liable to be knocked off by the dotha bung 
over the boxes at night Decoration tn the middle ages was 
eoufided to a man like Giotto, and in the present day it most be 
directed and carried out under the guidance of any painter 
known as a great oolounst 

Here I wish to caII your attention to on excellent school of 
art in England. There is no neceaaity to go abroad, we have 
au excellent school whereon to found our modern work. In 
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Norfolk, there are nuniWrleaa churches with beautiful paiutcd 
Took not] screens — nmrvuIlouA pieces of colouring, the vei-^ thing 
we want— ther Arc English, aad we want EngliAb rlecv^Tntion. 
Herit then, in Norfolk, you will fmil a uuggestive stvle, iiw t»- 
ditioas of >Tliich you oiuat liturnl on. If vou will will look at 
BdiikIou'n ^Timber Hoofs,' you vill find a coloured pluteof Knap- 
too church — iu roof. Nothing oouM In? more suggesUTc for the 
decoration of n modem theatre; the yellow ground is the very 
best for gaa light. There ii about thia piat«, however, a dread- 
ful ezactneM and evenness of tune that is never fi>uDi1 in the 
original vrorka. Tliis ovtiiiucaa of tone in modern manufacturea 
is wholly at vArinnco with Kasttini cuatoui. The yellow of & 
Per&ian carpet is never for two itichea aLiko, and thia ^ivcn it that 
exquisitely pleosinp chamcter. Novelty, for itjj own sake, that 
is when eought fur to iiiaku efTcet, every one knows has boon the 
miu of on in all ages, whether Cliwsic, Gothic or lieuaisaauce; 
lite conatant strain after novelty J&jtmyed Gothic and brought 
ReQaissanee into Itocuco. Novolty not arising out uf use or wanta 
ia Cftniemptihle. 

But at ftbis niomect OQr decorators are suffering fn)m a huge 
^oightinare of geometncol etitfuewt nf form and cold arithmetical 
evenness of ooloiir. The wieviit rcMtiarkti on decdi-aiiou thai I 
know are those by Mr. Kuskin, in tho third ohapierof the 'Two 
Patha,* a chapter thnt cuunot be rend too often. He plainly 
abows up the fitllacy of soppoeing that it mu^t always be geo- 
melrical and stiff; th.<t geomBiricaJ deooraiiun is very well in its 
place, but there is a hit,'ber fonu of deconitivo art; and the 
pHSsage r ftttiJI quote describes the beauty of the landscape 
decoration of the Japanese mom elTeciively, allhttanh not directly 
alluding to it "Any of our people, bred on our fine modern 
priuciples, would have oovereil it with diaper, or with Miriiies or 
DourisheB, or moaaic patterns. Not so CorreggJo — he pamta & 
thick trellis of vine leaves, with ovnl openings and lovely children 
leaping through them intu the room; and lovely children, depend 
upon it, arc rather more desirable decorations than diaper." II r. 
Barges has ofien and truly aaid, the human figure iei rather more 
desirable than notches. The Japanese think landftcape, trees and 
lovely birds are decidely better than gooruetr)*; they always give 
the right amount of work in the right place; they do not paint a 
miniature on a plate, but [Hlint one of their home landscapes, 
with feeling, in one colour, grey-blue, on white plate; this is not a 
fiuinhed [tainting, that would be out of place, but a well executed 
akeleb. 

Jiaving dealt so far with the interior, we proceed to oonaider 
the outside of the building. The theatre at Dresden is rouud, 
following the form of tho in«ide; this is by no means abod form, 
when you are not i-«<iuirt;d to oouairuct numerous saloons, and 
other rooms in front of the house; and on on open square it 
penoiu of ao^ qaantity of exit doors. Such a fihaj>e is out of 
the question m England, ^vhere the ttites of theatix's are usually 
cramped and iu odd out-of-the-way pnniuona. Here the architect 
ntuat make the most cf his grouuil, and work accordingly. 
However, I wiah to protest most strongly against the air of 
grandeur that all urchilecttt think it neceasary to give to a thcati-s. 
And which has raised in the public mind rulgarand fixed notions 
as to what the outside of a theatre must be. I wish {larticularlj 
to protest against immense porticos and grand lacadeit. In faci, 
I protest against grandeur geuerollv — that sort ofgraudeurmade 
Qp of arcades, ooutiouous rows of arches, nioaotonoua rows of 
windows, bound t<^tber by stringcourses and capitals. It is the 
aort of effect you see in the large warehouses of the City, recuatly 
built, and appliea to Beoaiaaance aa well as Gotlilc. These 
buildings litemlly stink of money. Grandeur in a building is only 
another word for assumption, conceit, and "do the grand;" iu 
other wonls, tt is a lie. Now of lies and aaatimption there are 

Suite euough inside the theatre, without parading the same to 
le public outHidc. But in what style is our theatre to bo bniltT 
Crreek is uuauited lo ourclinmtu, and does not express the English 
mind; the same remark applies to Rtiuatasauce, and still further 
it applive to French or Italian Gothic. Therefore our theatre 
must be built in an Engliab style, not eclectic, but one founded 
on the iraditiona handed down to us. What I should like to ice 
aa architect have the courage lo do, ta to build a theatre of 
English brick8,in the very simplest constructive manner, without 
any parade of grandeur or assumption.at all. Ifyou ask me what 
modern bnildiug it ia to bo like, I will tell you that plainly; it 
should he like the clergy houses attached to All Saints', Margaret 
itreot, by Mr. Batter6eld,uuly still simpler, without the patterns 
of black bricks. These houses have a decidely English look; the 



windows are of a purely constructive form, put io just where th^ 
are wanted, without any attempt at fa^os aud grandeur. Ii 
would be a pleasure for once to come down to honest simplicity, 
and to see a buildtug without any cupilaU or carvings — au absence 
of ostentation for once. It is this ^>omp, showincas, and novelty 
hunting that ie the curse of modern ardiitecture, whether Gothic 
or Classic. We want to come down to the simpHcity <^f the new 
buildings at Mertou (>>llege, Oxford, or the shops iu Worahlp 
Street, Finabury. I would fifty times sooner have the monotOBj^ 
of Harloy Street, thau the vanity aud pride of our new buildingi 
in the City. 

At hist wo come to tho etago; but before I proceed, I shall 
aap[K>ae that the water apparatus and ucci-stiary Brcmaa'aj 
arrangements, with t4.dl-tale clocks, &.c. have been duly provided 
for. The width of the proeceuium should never exceed that at 
Coveut Garden, if too wide it is very awkward for the actors; 
the height must be regulated by the gallery aud buck soeoeiJ 
the people at the back of the gallery should neo the whole itage,^ 
By advancing the stage very far into the auditorium, you do 
much for sound, but it ia much out of the manngei's pocket; aa 
hereby you loae so many rows of .stalls, therefore a medium 
must be sought iu this pomt Of the footlights 1 have already 
spoken, we will sink the tftage a little, aud hide them from the 
eyes of tho public Here, too, we must oot omit tho orchestra; 
its floor should be sunk deeper than is usual, so aa to bide the 
violin acrafiing, which rather spoils the illusion. The stage ia « 
picture which the audience look at through a frame. The pro- 
scenium, then, must be treutiMl strictly an a frame; and the arop 
scene, beiug so long before the audience, should be a picture 
escellout in overy way, and pleasing to the eye. The coustruo- 
tion of the si.nge hardly fails within the province of the archi- 
tect, it must always remain the work of the master stage carpeu- 
ter. Touching foreign stages I shall remark, that they are in no 
way better than onr own, if anything inferior. In Krauce uo 
changes of aoene are mode without dropping the curtain. Ia 
England the quickness with which we change a scene before tha 

fuuic is wonderful, and a gieat credit to our master carpenterm, ] 
n Germany the changes are perfectly ludicrous; the wings often, 
as at Munich, move by counterweights from a central barrel oa 
the mezzanine floor; Uie change is verj- steady, very slow, and 
very German. You never can work by machiTiery as quickly as 
by men's arms, iiarticularly Englinhmeo's. 'With French stage 
carpenters there ia such a miise, that I do ont think you could 
safely allow them to make a change before the public. Macbi* 
nery of all sorts has been tried on the stage, and invariably 
failed, more especially in England with our pantomimes. Nothiuff ' 
but meu to eaob wing and in the flies can do the work as it 
ought lo be done. All practical stjige maui^ers prefer as little 
mochiuery as possible; nothing works Ilka the old burrel and 
counterweight It is only a favourite scherao with all novices to 
imagine some complicated system of machinery. Old stagers 
know what it means at once*. The foreign principle eveu of 
working the wings on ladders running on a train on the mezza- 
nine below, is wholly useless in Kogland. We lind nothing 
works so quickly as the old fashioned wing, with a wheel in 
front, each wing managed by a carpenter. It is very easy to talk 
about deep stages of 100 feet and upwards, but yon mtist 
remember the number of extra men you require on each side o( 
the house for every extra IU feet, and the quantity of super- ^ 
numeraries to ^i up the stage; all these have to be paid. With i 
a clever scenic artist, 60 feet ia deep enough for all purpoMo. J 
On the other hand, great width behind tlie proececiam ia of] 
importance; you cannot have too much room at the sides of a 
stage. In England I think we have not fairly considered tho 
German question of a flak stage, instead of one on the incline. 
It is a question worthy of more attention than has been given to^ 
it; it bos become very general abroad. The stage of the Victoria 
Theatre at Berlin is flat. In London for the Inst three years it 
hi-t been mnch more general than formerly to have built up OD 
set scenes. The Lyceum is now constructed purposely for these, 
but it cannot be conaidered Huceeeaful when carried to that extuuL 
If a new piece had to be brought out suddeuly, or a chauge of. 
performance take place, it could not be done; there is so mach< 
labour iuvoived, and a pantomime is out of the qurstiun. But 
with all these technicalitiea the architect has little to do, he must 
seek a gOod practical stage carpenter, aud leave the siiige build* 
ing to him. Tliere are only one or two points; I think the fliotl 
might be higher op than they are, and with a alight altcralioa j 
of the batten lights we might get rid of iky borders; those pieoetJ 
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- of eiDTU very unlike nky. Of course I presume you will buiM 
kbigh eooagb to nlloir the cloths to go up Btmlght, without being 
(cKoght up in the oeuln? by % l)iitt«a, an nt Coveat GHnleu; a pt&u 
fthftt eotatU more luacliiuerv, ami tlnuble expeuse ia rope. The 
I wuorlwork of the stage floor should b« «o made that it could be 

taken np and cleared away at any time, portable in fact; jou 

pever knnw how you niny want t<> cut your stage about. Great 

I depth be tow, and clear wiilili withuut wall, U very oece^isary; 

'puking Keoea the full width of the sta^ are common in fairy 

pieeea. The niezzntiiue duor should b« at least 8 feet high* and 

m dear as it can be made. The virions rooms required fur the 

rtfflerent depiirtmeutR will differ in every thentre, ntid the arclii- 

ftoet most have a riaar understaudiiig upon this and all other 

[details with the mauoger beforehand. Near the orchestra yon 

(vant a waiiiug room Tur the musicians, with cupbonnls for their 

inatrumeots and CAts, lavatories aud other convtuiences; the 

tuuiiic libmry should uot t>e fir olT. One paiutitig room we have 

«Ji-ciuly, over the auditorium ceiling, but we want another at the 

kfback of the staf^, arranged as at Cuveut Garden, where the 

• krtistcau paint agidusl the wull upright; contiguous to this oiust 

be the carp«uLer*i4 shuffs. Then die prop«rty and armoury rooms 

mast be near the stage, and a very well vcutiluletl property shop, 

for the making of green leaves and other necesitaries is a most 

unhealthy employment. The dressiog rooms for men and women 

ftbould be kept apart, on oppoelie sides of the houae if posaible^ 

with tailors' and dreaamakera' shops and wardrobes just above 

, them, and fitted with lifts to send costumes np and down. 

- Supemuoicraries and soldiers' dressing rooms are also require^). 
A large magazine near the Hl.-\<{e, to ktnip tlie stock scene cloths 
and winga, pru|)vrly litted with rAcks and grooves, to stow them 
all away iu good order; this should bo no placed as regards the 
stage, that the cloths may be taken straight in without nuy 
corners to pass. But above all tilings 1 must remark that your 
sio^e and passages must be free from all wind and cold air. 
Singers' tliruata mnst not be loHt sight of; pleuty of swinging 
doors, and proper waiting or gn-en ronma for men and women, 
Rre of the utmotit importuuoe ; fnr no one ought to lie on the 
aiiige that is uot immedi.itely coucurued in tlie act. Proper 
ii|«rtmeuts for firemen, hall p<>i-ier mid housekeeper; kitchen and 
cellars; rooms for the mana^i'i", secrelJiry, treasurer, chorus and 
solo practice; and water cIntifU, vve. throughout the house; and 
I think we have pretty well ruu thmugh the rcquii-ements. I 
have now only to add that, im|.-erfect as my endeavours are to 
rnli^hu-u yuu on the subject of theatres, they are, at least, founded 
on eiperieuoe, and ua such I trust you will accept them, with all 
due ooosidenitiuQ fur shortcomings. 
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Mr. T. HAYTRft Lewis, said, that be thought the thanks of 
the Institute were duo to the author of a paper tike this, as it 
ciUAt have cost him much tnti^ and labour in its preparation, 
and he had Kreat pleasure in moving the vote accordingly ; but 
he was under funne little dithoulty with respect to it, as he 
diffrred vtiy much from Mr. Taylor in many points umched 
iipoiL Mr. Taylor had run thn)ugh all the requirements of a 
tltcauv, aud tu some extent he agreed with him. Ho went with 
Lim enlirvly as to the decorations; he would oven go a little 
further, aud say, he thought that not only the decoration should 
be directed by a thorough artist, but that the architect himself 
should l>e so qualified as to be that aKist, aud so to fiuisb his 
own work. He did uot think that auy person, liowevt^r gifted, 
OMild so Ihnrongbly enter iuto the feelings of the architect ns 
properly tu liuioh the work which he had designed. With 
respect U> ibe accessed, no doubt Mr. Taylor was correct io saying 
they must have as uuniei\>us acceswes, or rather egresses, as they 
oould, Jiud tic Buppiin-d tln-y wtmld all try to do that, so f*ir 
as s{)ace would al>ow. Ue tlioughi Mr. Taylor had too much 
put B9ide the requirements t>f tirchiu*cturnl skill in designing 
the inside as well as the exterior. He had argoeil thst there 
was no |K)viry iu theee things, but simply that theatres were 
niattrr-uf- fiict places for henring and seeing. For his own 
pan, he thought that of all buildiuus n theatre was the one in 
which the Inucy of the an^hitoct ctmid be most »reely indulged. 
it was a^lsplnd for scenic decoration ; it was a place of plea»ure : 
and it seemeil to him the architect '^ught to exercise his utmost 
Artistic fkill upon it. He did not say that he could work upon 
U with the same deep sud earnest feeling with which ho would 
be aoioated i» designing a sacred edifice, but it Memed to him tu 
'ftflnt^scu|Mi for the exercise of the greatest artistic power. With 



regard to aconstlcs, Mr. Taylor had laid it down as a Uw that 
the shape of the auditorium should resemble, both at the top 
aud bottom, that of a viol in, that was to say, that the form 
which gave the beat srmnd externally, when acted ujxm from 
the outside, as a violin, would be the best also where the auditory 
aud the sound- producing force were inside, as in a theatre. That 
seemed to him as opposite n conclusion as could be. A theatre, 
with its deep recesses and partitions, was as opposed to the 
theory of acoustics as one conld conceive. He remembered 
consulting cue of our most eminent Scottish philosophers 
respecting the plan for a church; the answer was, thnt in his 
opinion the principle he (Mr. Lewi.i) had adnpteil would luost 
pi-ohahly answer, but, he added, that he had studied aconatica 
probably as much as any man, and the coucluaion he had 
arrived at was that, in applying theory to actual practice he 
kuew nothing aUmt them, and lie believed nobody elan knew 
more. When such an opiuion wrs given, with the true modesty 
of knowledge, it behoveil us all to be careful in laying down a 
b\w too strongly. With respeot to construotiou, be did not 
quite nndei-Htaud Mr. Taylor as to arching. He agreed that 
coMt iron and brick arches were not lire-pn>(>f, and he believed 
not so much so as good solid oak beams and thick plastering; 
but be did not understand how brick arches and solid piers 
could be applieil to tha oelliug and stippttrts of the Wxes. 
[Mr. Tattjor observed that Iuk obeervations applinl to the 
passages. The arches of the pnssages were often constructeil 
Deariugon iron girders..] It depended very much on the oon- 
Btructinn of theginlers; but brick arches on solid piers were, 
no doubt, a great i\val better than iron girder construction. 
There was one other point to which he would refer. He was lately 
called upon to design a theatre very rapidly. He hud seen 
moat of the theatres mentioned by Mr. Taylor, and also those 
in Italy; and if he had hiid time he should have looked at their 
plans to see if he could improve by them upon his own notions, 
so as to be able to make a })erfect theatre. It seemed, however, 
that it was Mr. Taylor's opinion that no theaii-e was known 
which was not badly designed, and it was, therefore, to nomo 
extent, cousolatory to kuow that one need, not trooble oneself 
about auyihiug already done, but that by exerdsing oommoo 
aonso only, we could, from the depths of one's own oonsciousnesa 
(to use a German phrase), work up the perfect design required. 
As to the exterior of these builutuga, he was sorry to differ 
entirely from Mr. Taylor, for, if he nnderstooii him right, he 
would have the exterior of a theatre like Mr. Butterfield's 
houses in Margaret Street, only without even their slight 
oruameotAtiou. In fact, the ideal seemed to be as near as 
possible that of a Quaker's meetiug-house. He bad a strong 
objectioQ to that, in an artistic point of view. Mr. Butterfield's 
elevation seemed, no doubt, unexceptionable for the pnrticular 
purpnse, and the plainness of a Friends' meeting-house 
corresponded well enough with the severity of their worship; 
but there would be an end to all expression in architecture if 
the same style of elevation were properly used for two such 
opposite purposes as those of a meeting bouse aud a theatre. 
He objected, no doubt with reason, to great porticoes and suoh 
thiiigs, M-hich were pntup merely for artistic docomtion, without 
UPC, but that a Uiealre should have no exterior decoration he 
could not agree. The various hints, however, as to the actual 
working of a theatre, coming from a gentleman of Mr. Taylor's 
practical knowledge, must be valuable. 

Mr. FAysos, remarked that he had lately visited one of the 
large theatres in Paris, built on the quai side, tinisheU within 
the last few years. Last week he visited Uie Theatre du L'h&telet, 
and had an opportunity of seeing the effects of lighting from a 
glass roof, and he could quite understand that such a luethfHl 
of lighting involve<l a very large consumption of gas, but he 
couhl not say the effect was to his mind satisfactory. It was 
wauting in the brillianoy which English theatres possessed, and 
which the other theatres in Faris, not so lighted, exhibited. 
He thought, as Car as he could jndge, that it was uot a hnppy 
introduction, and took away much of the artistic effect which 
was produced by a solid ceiling, and he thought it was uot 
conducive to the spread of Hound. He had been surprised at 
the stuteuieut made by Mr. Taylor that the scenes in the French 
theatres coohl not be shifted without dropping the ourtaiu ; for 
he had himself seen it done, and iu this resjiect, p*frhn\^f, they 
had taken a lesson from us. One thing which, in his opinion, 
detract^ vcrv much from the comfort of theatres wss the modem 
practice in (*rance and Germany of adding balcoos in front of 
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the lUee boxes, which ovenhadoweit the pit and renderetl it 
vory diul and. disagreeabU. In fact, tho pit aoomoJ at the present 
day to ba dwiadliog to uotliing, iu space being occupied by 
orchestra iitaltK, and nrin-chaira. lu the Tliil'Atrti du C'liatalet 
tba line i>f boxes ran up like a larf^o picture frame lo the pro- 
Keniam; with on unbroken line ronud the auditorium of the 
theatre. 

Mr. Tatlor snid, n* regnrded the shape of a thentre being 
like that of a violin, the sound of a violin wae produced from 
iu board — the top and bottom joined by the sides — aud if ihat 
prodneed the best sound, jutemallv the sound would be the ttame. 
It was exactly tho same principle aa id a whiaperine gallery. 
It vrnn the pecnliar form which carried the sound rouoJ, and he 
wTi» tiuite certain that was the form of the be«t thentres in 
Gurnite, and the wood being seaaoued almost to rolU!iiiifAji, It 
Bounded live an old violin. Willi regard to the balcnn principle, 
be considered it was bad in the French theatres. He regarded 
the Mayenoe theatre wi answering the purpOMes for which it vrna 
required, as the best bailding of the kind he had seen. It was 
an admimble thentre inside, and was spared the UDBightiiDess 
of the balcone etuak on the front of the boxes. With leganl 
to the French scene shifters, he believed they ha<I somewhat 
improved iu their practice, but they were q'jite incapable of 
managtog pantomimic scenes iu the way in which it was done 
in this country. 

Mr. W. BirRQKS remarked, that the theatre at Padiui was in 
the form of the old 'Roman theatres, the pit being quite free, 
and surronuJed by four or five concentric rows of seats, following 
the course of the two tiera of boxes above. It was certainly 
one of the most beautifully decorated he had ever seen. In the 
*Draiiaes and Decorations,' by Mr. &h»w, there wus a reduced 
copy of a print of a Mediieval theatre, from the 140(1 *Tereuce,* 
pnblinheil nt Su-osborg. In the centre of the space occupied by 
the buihiiu;,' two concentric galleries rose one above another. 
They appeiired to be attached toacircnlnr pilkr iu the middle, 
which pmb-iblr did duty for a staircase. Three little gabled 
erections at the foot of this oentml staircase or pillar did duty 
for the scene, or perhaps for the green room, while the pei'- 
formance took pb^ce on the vacant part of tlis Qoor. The whole 
design was donbclossdue to a misuuderstandiug of Vitruvias. 



THE MANAGEMENT OF TOWNS. 

Ill,— TAe City of London. 

Thk particulars thnt have been given of the duties performed by 
the inspectfira appointed by the Uity Sewers Commiitsiou will 
conduce to the proper uuduratanding of the system which it is 
the duty of the Lugioeer and Surveyor to direct. The following 
clueitied account of the matters that art considered to be in hie 
depnrtmcnt is probably as nearly complete as the nature of \\\% 
office will allow of oar giving iu detail ; it being understood that 
the whole of the matters cuuuecied with profwrty and works of 
every kind that belong to the commission come under his 3ui)er- 
visioii, nod that from the progress of science oj^erating iu the 
development of new matter, which is from Ume to time added to 
the jurisdiction of tho commission, his duties are continually 
upon the increase. These duties arc highly oueroue, and involve 
an amount uf respounibility which can only be fully understood 
by those who are engaged iu labours of a aimiUr kind. Tliei-e 
are, indeed, hardly any positions either of a public or private 
nature that can be fille<i by the architect or engineer in which the 
mass of detail requiring to bo dealt with is so va»t and »o varie<l, 
and in which mature judgment, habits of business, and personal 
Mteotion are so necessary as in an office uf this kind. In the 
orise of the City of Ixiadoa these remarks, of course, apply in a 
TPry high ilegree, the annual expenditure of the Sewers' Com- 
mtsAioners for workn under the engineer being about .£1)^,000. 

The engineer and surveyor attendH, as a rule, every court and 
committee, aud adviws them upon •{uestions that arise onnuected 
with his department Ue reporu annually upon the works 
executed by the oonimisHion, and upon special occasions he 
examines into and reports upon the working of any ]>art of the 
system actually in operation, aud upon any proposed mmli6cation 
of iL During the Ijtst few yeare it has been found necessary to 
reconsider the whole quesiioo of pavements, cleanning of streeie, 
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gas lighting, waUr supply, street trallic, flushing and venlilsUon 
of sewers, with the possibility of ntilixiug the sewnge. consump- 
tjon of smoke, ooustmetiou and regnlntion of eow-houftes and 
sUughter-hnnses, oemetery mnnagemeut, nnd other questkxi 
simiUr iu kiiul. This has necessitated the ac<|uiNition and clnasL 
fication of data from many sonrcea, and the preservntion, iu ant 
accessible form, of all records of works done under the eommL>>' 
siou, with the renult nf examiunlton into their state at frequent 
intervals. KxperimeoLa an; from time to time made, nnd statis- 
tics compiled, both with immediute n-ference tn the ueeessity 
reporting and with a view to po^siblt^ re<jui rem puts. In the a 
of railwa)*s and other schemes, when the power uf interfering with 
streets is sought, ?|)eciiil rejiorls are compiled, nnd for many p.nst 
eessiouB of ijarli-onpeut this dniy has iuvolved n very eonsiderabl© 
amount of labour, which may still incn?ase. When the commit 
eion decides upon Appearing in c^miuiittee up^n any of iheae bills, 
tho engineer prepnres evidence on their behnlf. He holds the 
necessary interviews aixl conducts the correspondence with per- 
Bons directly interested iu the ^lusiaess of his depnnnient, nnd 
with the mther large clssa of perRous who either np<in pubho 
grounds or Ba promotera of projects desire to oommuoicate wit" 
him as tbeoHicer of the DummiMiinn. He projects improvemen 
in the lines of streets, and negotiates the pnrchaso of the proper 
require<l. makes the necesaarv phui« nnd valuations for this pn 
pose aud for letting the surplus ground, and the ultimate BBJe of 
the ground renta when intprnveuit-nis have been effected. 

As the engineer is responsible t.» the comniiwion for the whole 
of tho matters within his deparliuent, including the proper p«r- 
formance of works under the sulwirdinnle otfieera, who ratiat 
apfiexl to him In case-s of difficulty, and report, he muni be in 
constant comninuicntion with ibe iuspectors, clerks of works, and 
onutractom. nnd at band to atlvise and direct them in all easi 
requiring prfifessinnal knowledge, and as to times and modes 
performance of work«. As to the works themselves, the following 
summary of tho»e which are of most importance will present at 
one view the chief mnttera which belong to the nrdiuart- routine of; 
town management. The preparation of [dans, specifications, and' 
estimates (or new ssm-ots and reparations, and of speci6cationt 
aud schedules for works to paring, and for 1.-iui|mi, urinals. sc»- 
Tenging and watering of streets, ga*-lishting, and for minor 
purposes, the supei inteuding of the oxecutiun of these works 
and measuring and msking up the accounts. Tin's involves tbi 
keeping of wf^itly voucher?, aud notee, and memoranda, fr« 
which the rewnls of wwrks are eompiled, and by means of which 
the plau3 of sewers and other worlts can be corrvotod, so that 
they repreniMit at all times the nctoat condition of the matters to 
whiob tlioy reliite. Thf engineer has under hts charge a stoD»- 
yard, nnd he regulates the supnly of mnicrials, nnd their delivery' 
to the ooutmctnrs for works, all orders for these pnr|N>ses coming 
from him. As regards house property, he takes plans, and lavs 
down the lines of privute drains, estimatitg the cost of those por- 
tioDjj which are bcueHth the public way, and keeping recorria for 
future reference ; makea out licences for private vaulta ; directs 
ih» execution of oiiipolsory works upon premises where the 
owuers have negl«cte«i to comply with the oniera of the eourt, 
and is ru«jiousibl« for the economical nmuftgement of such works. 
Every application of a private owner for a projection for shop, 
fmiit or other inivilege over the public way, is referred to him 
fur his re|»ori before it in granted, and, if necessary, he Attends % 
committee of tho court t.» view the premises. Rules for the con-i 
structiou nf slaughter-houses, cow-houaes, and common lodging- 
houses occupy hta attention (but their periodical ■visitation for 
the prcveniiou of nuisances Is iu the department of the medical 
Dtlic«*r] ; and as the Sewers Commission is the HurinI Boai-d for 
the City, he acU a stheir sur>-eyor in all matters connected with 
the oemetery. 

With the view of farther Utastrating the system by means of 
which the «tat« of the works in charge of the City Sewers Com- 
mission is periodically brought t^fore them by their engineer 
the report, made to the court upon works executed during the 
year I»64, ia here given. Although some portions are of local 
interest only, they will assist in showing the method of clnsaifi- 
cation adopted, and may also give, iucideutally, some useful hini« 
upon ^ints that have not been treated on in the course of the 
preceding remarks : — 

Rf^ort of tfu Sarrtyor to the Sfcera Commmion for U< CSty of London, I 

Snf«r«.— The total Isn^b of new sewets built wss 1597 feet, of wbJtdk) 
831 feet were recoaitructed upon the line of old sewen. 
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TIm kftUl namWr of prciuUes dnuiMd during tbw y«u 19<14 wu 230 
The ftf>f>n»xmtft[e numlier of pretniaw IcDotra to l>e dnlucd M the 

iHHt of Um v«ar 1 ytl4 wu .. ... ... ... 13,54S 

llw Inta] oonher of bnOMs. of wbieh ■rome raoord is do« po*- 
iMMd ai bo their botng dnined. is about ... ... ... 13,779 

"Tki Mpfoxiniftte numlier of prembe* nboat thr dnuna^c of w|u(;li 
DotDUig ii kauwn. »jui wbictt h&ve bitb^rtu been cet duwn m 
HadniinttJ, ia »b>mt ,.. ... ... ... ... 2.228 

Dar1a|[ tbio ycttT 1 4 1 pIniiK, whicb Dhow tbe fitiua»g« of 280 boww, 
«8r» tnMo; oewty ooe b»[f of tbe ptuu wen for tbo dmtn«|[« of mw 
ptwa U t. 

/i^j>mvme»'f. — ImprovetneQta were completed by wtttng back tbe 
fwilligw of KoB. I. 6, and 8. St Duiuuu'a bill: Na 12. LiOle Koigbt 
BSieMtreet; Nm. 47. i-^. 49. and So. St. Mnry-oxe; Has. <f. 7, S. ukI 
9, C'H>|>«YVniw; No. 35, Bi«bo|Mgate^tjm:t Witbout; No. 28, St. Mary- 
&(-UUl: sad No. (!!>, Gnuxcburcb-street. Tliitcutem ood of C'alcbe«t«r- 
iiU«rt iTMi wulennd, wieI tbc arobwAj id tbat street tMXt to Ctwpor'a-row 
AbniprtbifF ramovcd; tb« widnoioff of Ani^el-steeet was ornnpleted by tb« 
nttoTkl of tbe houM Nn. 15, St. AlartiaVlo-Onod, ud tbe angle of tbe 
p«*wrtjr kl tke etid of Lime-street, bt Ftfocburcb-itreet {wmt side) set 

Wofic* are ia batul, by whicb tbe wbnle of tbe oburcb yard nf 
St Lawruice Jewry wit] be liMreUed, and the HnrfaoB be addM to tbe 
poUlc way; thus iDorMMing tbe footway fmm ft. A bi. to 35 feeC in 
wldtb; alu> for Ktthig back a portion of tbe cbarcb-yard of St. OUve, 
SOnr atmrt, by whkib (be street at tbat spot will be wideood 
from 17 rrt^to25f«:i. 

Amo^rciii'iit* bare \ieea cniapleteti for ■ettiuff back tbe frontag<s of 
"Sam fl? tn'Oinrlusivf^ in Newgi^tg eirtet, and tbcbnusesKM. 71, 72, aad 
78. bare al«r> been purchased to ooatinae tbe widening of tbat street; 
tfcwe bnniiee, lln^rcforp. will only mnun to be taken down between Batb- 
I ■treet and tit, Martin's -le-mnd, and tbose three are scheduled by tbe 
GoTtmiafBt ft>r tbe acquisition of a site fur tbo exIendoD of the Gvnorat 
I\Mt (.>lf)c«. 'Hie oDutpletlon of the widudagr of tba cast«rn end of titii 
imnortaiit tbonnjjrhfare may tberefnre be sbortly expected. 

Arran^BtBents also have been made fur cantinK' off the anjile nf No. 
Si, Kore«tr<Mt, and of Sim. I.and 8, New Ba«ingnall-Ktrp«t; for setting 
Kuk tbe froDtagei of Nm. 65. 6S, S7. snd 69. tit. Mary att. and Noa. 
Ill and 118, Leadenball -street; for improving the junction of Thread- 
tteedie-^ttvet with BisbupHate-slrect Witbia, on its nortbem side; for 
wideliTW tbe narrow put m CkaMat's-eourt, Ifilk-etreet; impcoririg tbe 
Ubeof »if«fl Cnmes-lane; aottuiK hack tbe frontages of Ko. 71, 6ti£np«- 
gato rtrtwt Witbin, and No«. 3fi to 89, I)ieh<>p«gstc-atrcet Without; ilao 
Mr widening Camomib* «tr«et at its weRt«m end, and wtting hack the 
^•4joiai^ frontages of No*. 00. 01, and 03. BhhopagaW^ street WitUn; 
• mtifjfaiy tbe line offrontaco of tbe bousen from Nee. 22 to 21} ini^urive, 
«n tha went side of Tokwdiousfryard, and caotinf the oonwr of Cloak- 
fans and CoDeg*-hilL 

Kegndatioaa are pending for a small improremeut at tbe wectsm «nd 
of Tlirnjpaiirton-stoKt; for taking down tbe external aisle of tbe duiroh 
of AUballow*. L'pper Thames Btr«et, with tbe view of continoing tbe 
widening •>( Uui tbrtiugbfaie; [or al%btly wideuing Hisbojii^ate rtieut 
Within luid i.civiuoball-stnwt, at the juuctiun uf tli»«e stnwla where tbo 
fmit tnflic isso exccisire and conduiised; fur rvctifying tbe Uuo of 
fmiilagii between Ko*. rI4 and tl^, Old 1'ruud-Bt.Tcct, fur improvtitoitntii in 
tba Bnea of Hart-stroet, MonkwcU-fltrevt, and Fcll-atreet; and of King's 
Had-Qoart, Sboe-buie. 

EarW fat tbe yenr the commiman reeolved to opea a aarHag»-wi^ 
throuifb Blue-coat-buikHn^iii. fmm Little Britain ioto King £dward-atre*C, 
with ibn view of rebeviui; tbc oiuTow port of Little Britain tmA fomung 
a dirvct litw of carna^{i>way fmm NawvaM-strsat to Smidifield. "nie 

CnniwK So. 70, Littla Bnbain, and No. 18, DulL«id-Moutb- street, 
M already been parAwied for this pmpose, and the purcbaas of the 
' HOMiiiidflr o( tbe proper^ is now being negodatod. Tbe ooanmiBuon also 
af/ftovvi of a plan for the formation of a circus at tbe junction of 
Lodgativlull. Fleet- street, New Bridge- street, and Fitrringdoa- itreet; 
the eaeteni ludf of which is ordered to be carri«d out fortbwitb, and nego- 
Uatiooa for which are pending. 

Arranfjiinrats are alw> pending for an improTemant in tbe straet liaea 
*4 tbe property facing tbe lower md of Tower-hill and Trinity-aqnac^ by 
which tbe >.<aateni entiy to Barldng-allsy will hv wiilenod and BaHdni* 
Chnrcb-piMace be mad* of ao unifarm width; aki> for a alight in|i«ove- 
ttsM apon Ilia sartarn aide oi tbe Old Jewry, and an cxieanoo of the 
iridont&f of Thmatlnnarlln slrrrt. east nf the Bank of London. 

A b^wAoLal arraagament was ciiU.nd into with tbe Obaring Cmts 
BaUwsy Compaoy, by wlugh Buab-lane is to Iw diverted and straightened 
■I tta aoatbeni end, sod Dowgate-bJll made (with tbe exoeptiun of a 
saaU portion) not b-es than 40 feet in width. A ooDsiderabla inpraTtt- 
ONnt arranged tbrve yean nuce with this oompauy. by whi<di Upper 
Thaaas-stn-ct, for a lcuj:tb of 320 fc«t, was to be widened from 20 feet 
Vi 87 feet, waa dnrinj; tbu year carried into oSect. 

9ikr/aee Cltanttnn and removintj Dutt /row ^rfnuJM— Tbe contracle 

for scavenging and duflt'uig wcru let from Midsaoimer 1804 to Mid- 

■naBMr IMS.I for j£7^31', which wov £430 leas than tbe letting of tbe 

L imrtoQ* year; tbe total of tbe oontrncta w«tv aUo lower than it baa been 



for tome y««i*, as will be Men by the following table: 

Ti>r the year ending Ididiiummer IS62, £8222. 

„ „ l8dS 841A. 

„ p l&M ?:3*l. 

„ 1865 7S:in. 

Upon the whole the work waa wdl performed tlnring the y^*r. 

Strttt ^rface Volen'ng?.— The oontrncta werw let at ilJyfl. Unni; 
£147 IcRs than tbe pirrious letting. Ko complaints of tiaixTtanoe were 
made of the performance of tbe work durii^g Uie year. Tbo cost of sur- 
fuoe watering also has been annually decroanng for aome years, altbougli 
for some yean past there hiu been annually an ineroaac in the an* 
watered. This will be seen by tbe fnltowlng table: 

Fur tbe year ending Midsummer 19dO, £1344. 
n If'lH 1283. 

„ „ 1M2 132". 

n „ 1808 I3tI5. 

„ „ 1864 1443. 

» H 1865 1290. 

It has been tbe custom to dtscontinne th^* watering at MiclkaelmaiMlay, 
and tbn contracts have been fnuned acoordiiigly. The exc«()tiutMl dry- 
nesit of the autumn nf 1804 mndered tbe contnraanoe of tbv watcrinc 
needful aftf^r that day, and special arrangeiaenta bad to be made with tbe 
eookraoion to oany this out; it may be wtdl in future contracte to prtv 
Tide against this. 

PaTtnenU.- T)m cairia^-waTa pav«^ with new stnae, were thioe nf 
Mooivate-street, and Watliog-str«et fn)ui Brtwd-street t<i At. PauTe 
churchyard. Tbc oarriage-wayi ol tbe Minoriea, Biibopagat»^sti«et 
Within, King WiUiam-strset from tbe atatoe to Lombard- street, the 
weetem half of Comhill, and the Mutbam half of Gtacecburcb-street 
were relaid; lam qnantitiea of new stone being required in each oaae* 
The footways of Ludgate-hill and street weru repaved with new Tork. 
Hie Oianitie Breocia bud in tbe southern footway in Long-lane in 185S 
wu removed; being thoroughly worn out. In aifilition bi thoM Wiwka, 
an unusually large amount of repair was oxecoted genemlly throngfaont 
tbe City ; tto'ine of tbe work of 1803 bavii^ been postponed until 1 S<! \ on 
aomimt of the large oocupatano of tbe pablie ways by the gas umI water 
oompanica during thnt yrar, wbldi preuluded the eommiasinn from 
cxt-cutin^ their works of paving advaotageouaLy, — and alau owing to thi* 
commisaion resolving to postpone some extensiwe naUya and renewals. 

VrinaU — One wait erected \n the carriag»>way of Cmtched-frtan 
capable of accommodutlng six persnoa. One m Ahlerman's-walk to 
aooemmodate tbive persona. One evented some yeare ago in Mumford- 
conrt, MUk-streel, was removed. Th» number of these coostniotioiu is 
now veiv oonaklerable. Their maintenance iuTolves annually the expen- 
diture of a largf? mm of money, of which tbe water supply' is the moat 
important item (»ce Water Supply); a liftt ut thoM now under oharga of 
the comuiLBskin ia ^vva. (Tbe List appears in the report.) 

PtMie Lttmp Lighting. — Tcnden for napplving the City for the ytuir 
commeoctng 1st Fcbruai^, 1805, wen receiTed iu tbr month of rVoeni- 
her, 1804. Hpocifications of conditions wet« prfloared as iMual. Kut thi^ 
ootnpanies declined to tender upon them, and Ibey tandered aubjeet to 
tbe oonditionfl of the Metropolitan (iaa Act onW. 

'I'be tenders sent in were a« followa: 









LltkUoc, 

Cit&vulah- 


Totstftr 

laan%pl 

IsdMlBf 


Kami or Courart 


Desortp- 


At psr 


tag. sad Trantfrr- 




tteo of 


I^np per 


Bepalrliic in^fwrvigM 


TafRIBISD. 


unruvr. 


AanniB. 


LAntvnust si per 


MtdK 3t 








per laiap 


laina. 


sairioM*'. 








per aaaiiD 






NoRTB DtirrRiiff. 
Great Central 0.u 
Consumeti' Co. 


3 ft 


£ a. d. 
2 17 6 


£ a. d. 
15 


£ a. d. 

10 u 


£ a. d. 
3 VI it 




6 ft 


4 18 


IS 


10 


5 8 


Cbart«>red Gaa Cum- ) 
pany ... \ 


2 ft. 


1 18 


• 16 




2 18 


21 ft 


2 ft j IS 


... 


3 4 d 




3 ft. 


2 18 15 




3 13 ff 




4 ft. 


3 16 15 




4 11 » 




5 ft. 


4 14 6 1 15 




fi D A 


«orm DiaTMCT. 




1 






Great Central Uaa 
Conaumert* Co. 


S ft 


S 17 8 ) 15 


... 


8 13 


t> t% 


5 ft 
8 ft 


4 IS 6 ' 15 


10 


5 S 


Uty Gas Company .. 


a 14 


8 14 O 


• » •! 


fi H. 


5 9 6 


10 u 


6 9 6 



Tbe tender of the Great Central Gaa Company was aooepted for the 
South dwtrict; that of tbe Chartsed lor the North. Tbeir ol 
exactly the aaiiie aa those for the prerioua year (1804^ 
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The coat of public lightiug hu lATgely increueil duriug nonit y^mn, 
wtiirh will be wea ^m the foUowiiig table, cooatnicted (rom Uie 
tfea^urer'a hccoudU. 

Mtmeyt paid /rom the Chamltr of London for Gat JAghdng during the 
fotlotpiny yran. 

For I jrcM muting 29 SepUmber, 1854 £H,7SS 17 i 

„ 1 ,. 1P55 »,TiG 17 i» 

„ I „ 1856 8,S33 12 7 

„ 1 „ 1857 11,792 7 1 

,,1 ^ lass ii.Niit 1 

M 1 ,. 1859 ll.&Olt 13 1 

., 1 ., 1880 12,841 14 8 

,. 1 „ IHSI 12,895 n 10 

..1 „ 1802 »,M7 5 1 

„ 1 „ \mi 15,797 2 

„ 1 „ 1-64 H.fili 19 

Thu table will only sbow gvoemlly iht inoraiu which hai UkeQ pl&co, 
iw it •omeUnkM hoppviu tbftt in one vear portiooa of more than four 
quMiers gM socount* are paid, uul in uloUuu- yew leas. 

Tb« (juestiun fif (pM suf^ly, either in relation tn its price, illuminating 
power, purity, or in rvUuT recpectx, btr^ly occupied tbn alt*^tion both (rf 
tlie comminum and ita s|>ecial Gaa C.'oiniiutt«e: indeed the cnmmiaaion 
Miarocly ever met during the year without the queitioD of gaa nip|)ly 
being intnxluued. Hiv i^cncroi rt^ulu uf the sxpaimentt which havo been 
made bv your ofBcen during' tli- IakI lbre« yran, and the invMtigatioDS 
of the Gu Committea, form the Huhject of nporta which are now boiog 
completed. 

When dcfioiencj of I^ht waa complained of at the public lampa, the 
etatemcnt almost unvaryingly made by the gaa cuiu[>aiue« waa that it 
wat owing to the carbur«ttiD;{ aystein. Looking at all thu citcumBtanoee 
attending the gaa oupply to the Citv, thu n-mmiasion deetnvd it dvairoUe 
to Rmove all grounua for tlii& allt^'&ttf>ti, aiKJ ban dit«ct<Kl \}» cur- 
hunttiim to he rsafivMl. All the cinniniBtanceH hemring npon the ■abject 
have Ijuen fidly dealt with by yriur Mt^dical OSioer and n<y!K>lf, in a 
recent report to the special gaa committee, and it need not tbracfore 
be dilated upon hero. 

Water Guppltf.—The amount paid by the oonuuianon during the year 
ftw mater waa a« follows: 

F(v sirpidy t<i Urinals ... ... £38S 3 4 

For aovbing Sewen „. ... 21 18 

For washing Coorta ... ... 112 17 

For Drinking Foontaina ... ... 30 4 4 

Thin does not inclodo the money paid indirectly by the cummiasionerB 
for Ktraet aurface watering, 

Th^ supply to the pubhc urinals is the most serious Item, and is one 
which is yearly increasing. It should be koown that up to the year 
1856, the water oompanka charged only a suiu of five abillinga pur 
annum for each compartment, which wbm a men uominal amount; out 
muce that date the nupply has Iwan given at the minimum mt« charged 
to lance coiuumers, and hence the largo annunl outlay nx^uir^l frxim the 
conuniMiun, 

Dtmgenua Stmctara. — The busineas transacted by the oommlssion 
under ^e Metropolitan BnUdingi Act may be gathered from the follow- 
ing flumUHiry of oaaea prepared by your principal clerk: 
Nunilwr of structures reported upon by the mirvt^on appointed 

by the uomniisuon ... ,,, ... ... ... 64 

Kumlwr of caaus heard before the magistrateB ... ... 31 

Kumber of buildingiahored gp during the yesf ... ... 9 

Kumber of cases certiiied by the surveyura at being oompleted 20 

The nnmber nf fkngemuH itructuree r(>iK>rted upon by the District Sur- 
veyor during the yenr, was leas than in any year unoe the busineH 
leuttiog tn them has been cooduoted by the cuniuussioD; th<> number of 
OBSce heard before the maoistratea waa, however, pntportiiuiably much 
greater than usual; indeed, there has been no year upuu whicb so large a 
prn])<)rii<JD uf the uaaca has been heard bcfure the ma^Mlmtcs. 

Ifrtnkinff Fountains. — No additioiud fountains Lave been crooted; 
th«re are but five within the juriadictiijn of the- oomiutssion. 

JiouM Impution and Htmoral of //'uwanees.— From ibo return pro- 
uared by your pnnoipel olerk, it appears that, during the year, 11,387 
mspeoUnns of hf^usee were made by the inspectors under the direction of 

?'our Medind Offioer of H^-nltb, and oonasqoent upon their reporta the 
ollowing tiutioe« werr issued: 
Fee works of drainage ... ... ... ... Ifi 

For preventing the iasue of waste water upon the surfaoe of 

pavements... ... ... ... ... ... 51 

For lime-whiting and cleansing the interior of the premisaa ... ISd.S 

Total 1425 
In the spring the eenior itidpeetor of pivcioenta waa vaperanmiated, 
and at that period a change was made in the arrangements respecting 
houee viaitatiuo and the supprasiiuauf pujsancea. Four inspectors of 
pavements were only retaint.^1 (tliere bad been five for aotat time pro- 
TJoosly), and the area of the City wu equitably diatribaled anwHig tbem ; 



tluty retained all their former duties, excepting that of honse impection 
for purvly sanitary purpoees. An additional aaoltary iuspectur was 
then appointed, and tbero art now thGr«!lotu two, who luider the dirvctJoa 
of tbe mcdicnl officer of healtli, perform tbe bouae iuspectiaii, give the 
reK(uisite notices, and mpttrinteud the works requisite for the suppreasioa 
of uuisanoes. Under this system a huge iucreaae has been made in the 
numlwr nf inB|wcLioii8 of the huiuies of thu poorer cUunea over that of 
ncHitt jean, oimI the notioes for the su)tpreeuon of nulsancea have been 
increaaed Ukewiw. The lodgmg huuwe are supervised by an cAoer 
apectaily appointed for that object. 

SlamffhteT-ho\ani. — The numlier of slaoghterhouaei existblg in the CSly 
u now C3, Iwing it more tbaa at the end of 1 883. 

Coit-hottM$. — The nnmber o( oow-booaee ia now 19, being one lew than 
at tbu end of 1818. 

Lodging houut. — Th* nnmber of bouaea upon the register is 128, being 
B ilecrease of 7 opon the registiatioo of the pnvioue year. 

Cifif Ccnulay. — The nnmber of intermente in the oemetcry during the 
year lSti4 was 6892, being 287 leea than in tbe previuus year. The 
revenue derivable fram the oomotei? wae, huwawr, mucb lai^r than it 
was in tbe previous year, and there is ewry rcaauo tu bclievo that it will 
continue to augment annually. 

JfisceUaHceus. — At the uummcnccmont uf thti year plans and hills bad 
lieen depoetted ia parliament for twanty-throo pmjecta affecting tbe City, 
td which nioetwm were for railwaya, and four tor works of a ptibtiff 
(dutracter; the inreBtlgatioa of these projeota waa ahuoxb tbe Gi«t work of 
the year. Of theeo biUs eight only passed through the legislative and 
Iwoaiue Aote, vis. — tbe Metropolitan Kulway (Kxtcnsion to Trinity* 
Kltiare, Tower- hill); the MetrupoUtan Districts Kulway; the Great Eastern; 
toe Londou and BlackwaH Railway Extension; the Ijondon, Chatham, 
and Dover; the ('hiuing-rrmes iCailway (CityTvrminusI additionid [KtHers; 
tho UoliHim VallBy 1 nipru^-ement; and tSie l*neainatic l>ispaUjh Com- 
pany, llie BUpt:rvisioD of the meat markets waa stringent; yet a caae 
appean to be made out for even increased stringancv, inasmuch aa 
about 102 tons of meat was eeiaexl by the inspectors, and ooadenau>d oa 
unfit far human food. Tbu s(.iidcn and eellen of meat were, in manv 
casCK, ancocsifully prosccntcd aikd fined; nine were imprisonctl. TW 
wnrks of the Metropolitan Bailway exteuaion to Flnsbury, the 
Charing-crcMBi the Lcndon, Chatham, and Dover, and tbe Konh 
Loodon railways, wwe rapidly carried on in tlie City during tbe 
year. With all these compaiuca the oommisnon made arrangements for 
widening and improving important public ways before tbeic Acta were 
pasaed; theee improvements an now Ining carried into cffoct, and the 
City will he largely benefited thereby. The Pneumatic l>is).<atch Company 
oommraceft laying a tube of Urge dimensions in the City; it is their 
tatmtioo to lay it from Uolbom to the Genial Puit Office. 

In another paper wo purpose giWog wme further details of tbe 
system uow ia use for etfectiug various kinds of work that Ktt 
earned od by tbe City authorities. 

(To U c(Mtf(nu«tf.> 



ROYAL INSTITUTE OF BRITISH ARCHTTKCTS. 

A r tbe nieeting of the Institute of British Architects, bold od 
the Sth ult., a paper w«8 read by Mr. J. P. Seddon on " St. 
Niduiiaa Churchy Great Yarmouthy ^or/oik." After an introtlue- 
tory hietory of the church, Mr. Se<ldoD remarked that in the early 
port of tbe thirteenth century the church tlial ex)St«d previously, 
nnd which had b«eo erected by Ilisbop Lozinga, waa takeu down, 
excepting a portion of the tower, and another and a larger church 
was ciinatmcted on the satuc site, the coutre tower being alone 
preserved. Of thia tower there now only remain the cure of the 
piera, a portiou of their base raouldiogs, and the two lower stages, 
tbd ii)>[>er of which ie stirruuuded by a Norniau arcade. lu 1^47 
some QXcavntioQS were made to oacertaiu if auy part of the 
destroyed church remained, and several portions were then 
brought to light. 

The next form of the church was that of a complete cross 
church of very early Pointed or lateTrauaitional work, around tbe 
NormsQ tower. This church was erect«d about 1190. It had a 
nave of eight bays, with lean-to aisles. Tbo atring-courses which 
received the plat«a of the ntofa of these aisles and tbe corbelled 
eaves-cnurses of the wall above Ihem are now visible from within 
ia the present aisles. Of the tniuBopta, nnd the chancel and its 
aisles, of this church, only the respoodsof (protmbly) aruttdcs of 
two bays eastward of tbe tower exist. Before this church was 
oompteted, it wiis again entargeil iu 1 iTtl, the aisles of the nave 
Iving rB-construct*^(], with a clear widib of 39 feet eachj in the 
then more dovelojjed Fir&t rointed style. The next eoIargemeDt 
was the exteusion, ciuttwnrds, of the chancel, with aisles equal in 
width to those of tli« oa^'c, iu the Oootuetrical Mid die- Pointed 
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period. The tronMpta were also nused to the same height as 
thniof the tiBle&, anJ avnulicfl porch was also added oQ thesonth 
aiilif of the aave. The ctiuruh tliua nasnnied the clianictcr of & 
uohle ttructuTO, cruciform on pUn, with a contra tower, sur- 
mouQtetl hv K anire, cov«rcd with lead, tlie whole 18G feet high 
fn->m the grouua. The church wnji also rich in furniture and iii- 
teraiU accosMries. Au elaborate roud screen vtiis erected by 
Koger da Haddiscoe. In tlic m-rth luslo of the chaucel there waa 
*• a fair pair of organs," In nnd aWtit the church were nineteeu 
chapels, and \a the aJKlea of the chaucel "miracle plays" were 
acted. In U3n an entirciv new building, 167 feet by 47 feet, was 
oouimencednt the west ciuluf the nave, called the Bncbelor's Aisle, 
but this was eubaeqnently abaudooed, owiitg to the ravages c^the 
plague iu 134v'*. lUlier works were erected about the year 1400 
and 'snbseout-Dtly, including, probably, the preseut waggou- 
eha[>cd n-^tfa. the windows of the ai^iles of the nave, with their 
mnigre Third Pointed traceiy, the rci-edos at the east end of the 
chancel, the txirviite over the south porch, &c. 

After the Heformatiou, Sl Niehnlna' Church shared the fate of 
so maiiT other churches — viz., that of being rifled and despoiled, 
and !a being suffered to fall into a deploraldc aute of neglect and 
decay. This state of desecration ccatiuued till ns i-eceutly aa 
1845, when, under the au^pict-s of the Rev. II. Mackenzie, then 
the incuntbent, aud since subHlean of Lincoln, considerable 
restrra^oos were effected, nnder the stiiiciinteiidfluce of Mr. J. 
H. HakewilL In 1862 another cownjittec vfnn formej, and still 
greater Icuprovenirnts were set on foot. Mr. Seddon then pro- 
ceeded to a more detailed descriptiou nf the condition of the 
church when he andcrtook the i-tji^toraiion. The plaster was 
•tripped from tlie w.ilh on the side of th« tower, above the lar^e 
arches leading froru the chancel aisks t« the transepts, and these 
were fonod to be seriously fractured. The niers of tbo chancel 
arcade were fuaud to be much decayed, aud the whole area of the 
chanoel near the tower wns houeyci-iubcd with vnulta. These 
were filled solid, and concrete, two feet thiclt, was put over the 
weateru part of the chancel floor, and round the daiuaged piers. 
The sooth pier was rebuilt, and the n-Tth pier made g<K)d. The 
walls were carefolly repaired with strong hood stones, and the 
(>arl above the roof nnsised. New srdid gnble walls, with stone 
copings and weathering*, wfre built to receive the roofs of the 
chance] and transepts, and the angle qunius re-coostrucled. The 
old iron lien and Iwi-s wero removed, the holes filled up, aud 
new ties, pinned together at the angles, and Uiliug two feet 
iuto the walls, were inserteil in now stone strings ; other ties 
were also inserted ; the whole engine was built in cement, and the 
walls grouted with iionid cement. Tiie flint-work was faced with 
split flints ; the Ashlar of the First Pointed work was rebuilt, 
stone by stone, and the north and south fronts of the U)wcr 
were facet.1 with freestone, in random-oouried work ; the cornice 
aud |>arapetwere taken duwn aud replaced with new work, with 
lorretaat the angles. 

Alr.Seddon then remarked on the two magnificent windows at 
the west end of the nave aisles, the southern resembling iu its 
external arrangement that in the west front of Llandaff Cathe- 
dral, while that on the north siiJe is very similar to the samo 
window iu iu internal arrangement. In conclusion, he said 
that the Third Pointed work nf the church did not call for a 
mure detailed description than that he had already given of it 

A discussion folUiwed the reading of this paper. 



OS rUE MUNrflPAL ORGANTSATION OF PARIS. 
WIfU REGAItD TO PUBLIC WORKS.* 
Bt QloaoR R. BiBNKLL, Esq., F.0.3. 
If weniB that, at the present day, the results that have been 
obtained by the organisation of the service of public works in 
the ueighbooriug capiul, have dazzlefl the public to such an ex- 
tent, that it would not be surprising were an attempt made to in- 
trodoce seme imitation of that syst^-m into our own oonptry. 
Paris has been transformed with 'almost fairy-Hke rapidity ; it 
has be«n improve*! iu its hygienic and ita general character ; it 
Itas beoime essentially the city of pleasure, and the abode of the 
man of intellect; public buildings of a tine monumental character 
bavearifeuoD every side ; and at the sjime time the service of the 
city, in u> far as rt^rd tlie lUily wants of life, has been laif^ely 

* Pspet nwi btSon the doeietr of XrU. 



and well cared for. Kailwav stations have been opened, markets 
Inid out; mairies, public nchooln, churches, hottpilals buiU ; and 
even theatres aud places of public amusement have l«cn founded 
with a degree of luxury of which we in England have no con- 
ception. The results that have hitherto attended the Imperial 
Government of France have, indee»l, been such as to cimse both 
surprise and admiration ; but I think that they are the results 
of a system that would prove eminently a fitilure if npplied in 
our own country ; aud, as I Hnttor niysulf I know soinetmng of 
the innermost details of the n<lministraiion of that conutry, ] 
have thought that it might affor<] you some instruction were I 
to give you an account of the municipal organisation of Paris, 
There is much to be learnt from what is pksfling amongst our 
nei{>hbours, no doubt ; there ia also much to be avoided. It 
should Im) our duty to le.-im all that they ilu that is worthy of 
imitation, in order to place theadministnttlon of onrcarjital upon 
OB sound a basis as poesible, after allowing for the {liffereut ciiv 
cuinatances of the luxaal oi^f^nlsation of the two countries. 

The first things that strikes the inquirer iu the municipal or- 
ganisation of Paris, are^first, that the capital and two of Che 
great cities of France conetitate exceptions to the general law of 
communes that prevnils in that country, and are aJiuinistered,iu 
fact, by what is called *' le regime du boo plaisir ;" and, second, 
that the *' regime " in question is carried into execution by the in- 
strumentality of the organisntiou that previously existed. Thus, 
iu the other cities of France, the prefects have very little power ; 
the mairey and the municipsl councils, which are freely elected 
by thit puhtic, have, in reality, the unlimited control of the funds 
roiseil from their fellow citizens, in Paris, in Lyons, ami Mar^ 
seilles, however, the prefects of the department have a more 
direct, actinti, anil the nnintri|tal councils are nominated at the 
choice of the Emperor ; the councils have, in the latter case, only 
a consultative voice, which is easily controlled ; the iuiiistive of 
any improvement oomce from the prefect, who is all-poworful. 
Of course, the prefect is obliged to carry out the projects that he 
mny form by the aid of the subordinnte employes of the adminis- 
tration ; and he Is responsible, for the acts that he thinks pro|«r 
to adopt, to the great tribunal of public opinion, which may be 
considered to be represented by the semblance of the municipal 
council that authorises, or not, the measures for carrying into 
effect the resolutions of the prefect. But this nystem of oontrol 
is very iltuiory, and it in nowise insoros that the resources of 
the towns should be laid out according to the w.tnts of the popu- 
lation, or even according to their means of supporting the charges 
the works may involve. Hitherto, it in true, no inconvenience, or 
hut very little, has been found to arise from this cause ; hocaiMe, 
in the first ptnce, there had grown up in the cities of Paris, 
Lyons, and SlMrsellles, in the course of years, a state of thlogi 
that made any change a change for the bettor ; auj, in the second 
place, Wc:tu»e tlie prefects of those cities are all of them bigli- 
minded men, men of enlarged views, and men who oonld well 
understund the wants of the population whose welfare was en- 
trusted to their cart*. But what would be the ultimate result of 
such a system, when the direeting hand and head of the empire 
was withdrawn 7 It is impossible to speak in too high tenns of 
the attention with which every want of the Parisian public, for 
instance, is considered. The Government is litei-ally there a 
visible Providence, to interpose lietwoeu the consumer and the 
producer; audit makes, as the French people themselves say, 
" la pluie et le beau temps" in affairs which we leave to the care 
of a reid Providence, and try to shelter ourselves against as brat 
we may. Aa far aa they have gone, the results of the system 
applied by our neichhours have been satisfactory, and France 
has iucrensod in splendour and real comfort in a degree which 
pai^seH l«lief ; the worst of this system is that it depends apou 
ilie Uvea aud intellects of the men who carry it into effect, and it 
is alwAyg bubject to the errors that they may commit id their 
appreciation of the wants of the commtmity. 

But it ia hardly the place here to iodblgo in abstract 
theories of government, and our business is more directly oou- 
cemed with the measures adopted in Paris to carry out the 
immense improvements of tliat city. As was said, the system 
of government consists in, first, a prefect of the Departe- 
ment de la Seine, who is a senator, and is uame<l directly 
by the government; second, in a municipal coimcit, consist- 
ing of sixty memberfl, under the actual presidency of M. 
Dumas, the chemist and senntor; third, of the diffeient members 
of the admiuistiatjou, that is divided into a uumber of services, 
all of which it will not be nece«s.-iry to notice upon the pKsvnt 
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OOftflion, as the; Are oounecied with the duties of the prefoct that 
eoucem other functiuos besides the execution of public wurks. 
The prefect, in fact, reprcscuta the town in all that ooncerna the 
action of the govcrumeot, and in all lej^al pruoeedings that, may 
tw uiidertAken for the defence nf the lutereatsof the ninnicipality. 
He la chargdl with the execution of the police, ooirjciinUy with 
the prefect of that department; with raiaing the taxes, and the 
eieoution of the conscription, with the Borvtce of the national 
goard, with the adtuiuiHtratinn of the hoepttala, the public assis- 
lauce, the pnhlii; education, and, in general, with all that relataa 
to the ffpverument of the town. In this he is assisted bj the 
"laairea and "ndjointa" of the dilTerent arrandisst-riieuw of 
Paris, who are also nominatpd by the crown, but in nowise sub- 
ject to the election of those they rule. As the division of Paris 
into arroudiaaementa and quartiera will very frequently come 
tmder notice in the sequel, it may be aa well to «a^ here that the 
city comprises twenty arrondlssements, each of which has a maire 
and hitt ndjniut, and ia further subdivided into four quarters iu 
each niroii.liiuicniont. Aa the dutiea tlint are fulfilled by the 
mairea and adjointa are exclusively confined to their niagiaterial 
fuucUouB, excepting in ao lar aa they prepare the lista of the 
electors, tliere in not touch inconvenience found to arise from 
their not being themaelv^a elected; hut, aa will be aeeu in the 
aequel, there are grave objections to the municipal council Iwing 
Dominnted, and holding their oflioe at the will of the Kraperor. 

When, under this system^ it is determiue^l to execute a great 
pnhlic work, the course adopted ia aa follows^— The minister in 
whose fuuciiuus the building entera (for in Francv the Miuiatot 
of the h^uie, the Minister of Public Works, the Minister of Wor- 
ship, the Minister of War, hare to do with a^i many of the build- 
iuga of Paris aa the Prefect of the Seine) caosea his employes to 
atudy the projuut, make the preliminary eatimatea, attend the iu- 
quirv tlint is held into the necessity for the execution of the 
wor^, and then presents his e:itimHt«, and all the docuuieutacou- 
iiecu^d with the iiiqoiry, to the chambers, iti caaea where the 
iifLth'iial funds are cuncemed, or lo the municipal council when ic 
is only a qoestion of the funds of the locality. In PariH, the 
coarse is for the prefect to transact this buMineaa with the chiefs 
of the department of the *• Voirie," at thia time under the direc- 
tion of ilM.Tronchon and Ueachampa, who are specially charged 
with the aervice of ihe sotting out and regulating the atrecta of 
the city ; but in every case the initiative proccotla from the pre- 
fect, who lays out the new lines of streets acoordiug to his own 
ideas np<in Ihe sulgect, and who is alone reaponaibte for their 
direction to the EmiMjror. Tlie project ia then aubmitied to the 
£mpcror iu council, who decides whether it ia of a nature to re- 
quire the sipplicntioii of tliB taw of public utility. The council of 
alat« oi-derM an inquiry iuto lliia branch of the proJL'ct, and, after 
hearing the various parties effected, it gccerally decides upon the 
question iu favour of the prefect's design, and issues a docree to 
ihateflect. The project is then brought before the municipal 
council who decide upon the opportuneoeaa of the execution, and 
have to provide the sums of money that are required. The delibe- 
ration upon the project thua presented by the prefect to the 
muuicipai council is a mere pro farmd piece of bnaineaa; almost 
invariably the decision of the council is tliat the work shall pi'o- 
oeed, aiid then tiie orders are given to mark out the ground, and 
to proceed to a.4certain the indemnity that is due to the pru- 
prletora, who are turned out. TIiIh is an ojieratiou that is done 
at once, after due notice has licen given; hut the purchase of the 
laod goes on after the construction of the new street has been 
decided on, let the eatimatea be ever so much exceeded. Upon 
the comploiion of the formalities, the prefect takes poaseasion of 
the ground, and ho either yields it to the Compaj^nie Coucea- 
nonairv, with the understanding that they will pay for the sewer- 
age and water supply, the works for leading the gas to the public 
lamps, the execution of the roadway aud footpaths, and the oon- 
■trnction of the bouses according to a plan detertnuied ujwn; or 
he proceeds to the execution of these works by his own agenta, 
ana he, of course, receives the proceeds of the sale of the laud 
that \i rc8er%*ed for hailding purposes. The latter course waa 
adopted in the commencement of tiie great worka of improvement 
in Paris; the f rmer seems now the favourite with the prefect, aa 
it leaves the municipality free to employ it* credit aud pecu- 
niary resources, wherever he may thiok most desirable. 

The execution of the worka i8divi<led into sevei-al depnrtnienta, 
which consist of— first, the Voirie; second, the Service dca Eiuix 
t% Egouts; third, the Service dn Pave; fourth, the Service des 



Promenadn et des PlAQtatiorm; Ath, the Servicft des travanx 
d'Architectnre; sixth, the Su peri n ten dent dca T»iienieii'* Insaln- 
brea; aeventh, the Service des Ingenieura des Pouts-ei-Chau»- 
aees; and eighth, the eervice of the Ciirrierea 

The fimt of these OMnprehends nlL that rehttea to the plan of 
Paris, and to the proposed. rectifiuatioDs thei'ei>f. It embraces 
the setting out of the new atreets; the fixing of the Irni'K that ar« 
allowtfd to prevail; the pntjectiona on the public way; the num- 
bering of the houses, the acquisition of bnihiintpi that are 
acquired by means of expropriaiino; aides and exchange^! of land, 
&C. There are employe«l in this branch of the administration, 
in addition to the two geotlempD already named, seven sur- 
veyors or "geometere;" nine anrveyora who are charged with 
topographical works; four chiofH of sections, and a countless 
number of subordinatva, who are charged with filling up the 
deL'iils of the service. As Puris is now uudergoing the [iroeesa of 
being aurveyett thoroughly, the tiutnher of employe)* in this 
depiirtmcul in very conaiilt-rably abovi- the average; but the 
uumhera given may he taken its represcntiii({ the normal com- 
poaiiion of this brnuch. There are, in addition lo it, twenty 
architects " voyers," and twenty aasicilJiuts, or two to each arron- 
dissement, who have, in their fimctiuus, the oliservance of the 
hiWH that regulate party wnlla, and the numcroua ca^es that 
ooutiuually arise witli respect to air, ventilntion, aud light, and 
to the right of support by the neighbouring pro))erty. that are 
always the st>urce of complicatetl action in the interior of great 
towua. It is this branch nf the service, as waa said before, that 
the pi-efcct consults in preference to the rest, fur all that relates 
to the iroprovemeot **( the town. 

The .wrvicea of the " e«ux et egonta," of the pavement, and of 
the priiinena<irs and public pnrkn, nre diachnrged by engineers of 
the Ponls-et-t.'hnuaseoa.or of thcsUite, who aie speciatty det«urfae<l 
from the ordinary service, aud are allowed to enter into the em- 
ployment of the city of Paris, whilst they relaio Ihetr rank and 
privilt^ges aa ntemhera of that body. 1 think it noceaaary to 
dwell u little upon this jtuint, because an Imaginnry distiuctiou 
has been aonietioiea drawn between the town engiueem and the 
engineei-s of the Imperial CloTernment. All the engineers of 
Paris are memburs of tla* Cor|M Imperial des Ponts-et-Chausseea. 
whilst the works of the Louvre, which in a recent discuasion before 
the Commitue of the House of Commons were especially allude*! 
to, are all nmler the direction of M. Lefuel, who la an architect, 
and who is reaixirsibte ahuir for the succeas of them. 

However, the tlire"^ servicers mimed areuoitod under the control 
<if, nt preaeiit, M. .Micluil, luapecteiir dos Pouls-ft-ChnUBaees, who 
has the gruerid Huperviaiou, ami regulates, ns the last appeal, the 
various de]>artment8. He hiis under him, ^f. B*dgrand, In- 
gHnieur-en-chef d« ln»(t|iiK.4e wiio ia charged with the "Service des 
tiaux et des t^outs," ur in fact takes the management of all that 
relates to the utuJeryround woiks of Paris. Tnen M. Homtierg, 
Iiii^euieur-eii-chef de lie olan^e, and M. Rozittde Maudres, iuge- 
uieur-eu-chef, are chnrgeil with the auporint^ndenoe of tlie paving, 
roadway, and footpaths, or everything on the »urfae« of the 
grifuud; and M. Alpliaud, Iiggenieur-eu-chef de Ire claase, is 
chnrgeti with the plantations, seats, sheds, lamps, and generally 
with everything o6ot'« ground; ao that these four gentlemen have 
very distinct provinces, anil yet they are all of them aubiect to 
the contr«] of M. Michal, who haa the title of Director of rnbUc 
Works. M. Michal receives from the prefect, after ih« inqniry 
into the expediency of the proposed linea of communication, 
and the reference of them to the municipal council have been 
fidfilled, the indications of the direction that the lines are to 
fuihiw; iind at the same time the plan indicating the exact line 
of the properties that the city inteuda to boy. He then ftmsnlu 
tlw eugineera of the varioui brauchea of his s'.'rvice, and they 
prepan: in concert a project for the sewers, the water snpply, the 
gas piping, aud the piaiitattons; tlivy prepare estimittes aud 
deaigus for the work, which are aubmitied to the a])proval of the 
prefect; and, if approval of by him, are at once executetl. The 
principles nd<^pt»d iu thene cases are to shorten aa much as 
possible the disunce between the exiieme points to beoonne«t«d, 
and to regulate the Ifvel; and it luuat be confessed that io the 
new streeu and boulevnrds lately formed in Paris, this has been 
earned out with very little atientiou to economy in laying out 
the lines, or in the Icvela given Iu them; bat there are ocoaaioua 
when it ta necesaary to reauect a public monument, or to preserve 
a certain gradient in order to accommodate a sewer, that may 
give rise to some deviations from the strict rule thus laid down. 
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The eoginoeTS (ire, it must be add«i], ilirectly iotereeted In CRrry- 
iiig out tht) vorks id the best tDnciier, for they are chiirged Trith 
Ibeir uiaiut«uaT]c<!, and their working nfierwartls; and as the ckr 
exercf*M a vi^plant control over the flunm allotted to thiti hniDcn 
of the aervicA, the eaginecra ore kept thereby coostantly on the 
•trelch. 

The bureanx that are iiumedUtely under the orders of M. 
Michal are not ao uuoieroDsiy oooalituied aa those of hU aiit>«r- 
cUoatea, for he has only a ^aeral supervision over the wortiA, 
and the engineers of the vanous depnruneuts prepare all the de- 
tatlfl of the ezccatinn; he has, therefore, principally to do with 
lb* aocoonta, and with t^e trausmiaHiou of the orders of the pre- 
iaoCk In H. Bcli^mttrtofficethereare three lugeDieuraordioaires 
de Ire daase, who are chi\rf!;ed with the ouporiuteudence of the 
work« Lbrtt are in proceaa of execution, aud one other eujiinefi* 
who ia charfjed with the coufliructjon aud niaiuteu&uce of the 
•team engines that are employed for raisiog the water; the 1ayiiip[ 
the new pipes that are fn^nu time to time require<l is performed 
by the engiowM ohitrtfed with the roadway, but under the orders 
of M. Brlgraiid, and Ltiey also exerciiio a ooatrol over the iiewera, 
which come under that gentlerotLc'e direction, both for tlieir oon- 
atniauou and snbdequeDt working and cleauaiug. As tlie gas 
pipes are laid in the tMsit, it follows thnt they also come under tlie 
province of M. Belgrand, who regulates everything that 
M coDoern^ with wiml the Fi*ench call the " canalization," 
or the pi pea that serve to lead the gas to the places of 
eoDSumptiou ; the qaality of the gas, nod the nuumer 
to which it is to be bnmt, forut, however, part of tlie 
functions of M. Alphand, the engineer of the promenades 
and public plantations, and he is ftsfliated by a boat of 
inspectors, Teriricateun, saperintendcnts, Stc, who are charged 
wita the details of the private lighting. The details of 
tiie Service de^ Kaui at Kgoutu give riae to the nomiuatioo of 
a ^n-at uitmhcr of employes, amongst whom tlie Iu»)*ecUir du 
t'AiuAtiissemeDt faaa a ataff of seven noaiacauta to auperioteod the 
cuoimuniciition of the hoaaes with the drains or sewers; au 
U)B|xictor for the prenervntiun of the hydraulic works that are 
cmiuected with the dietrihiiticu of thai lluid in the fouutaiiia, 
the street pltifs, and the pipes; an ioapcctor who regnlaiea the 
supply thiit tnkes plnce in the public ottices and the departments 
of the atata, eleven persons are employed in the office of the 
•ogineer charged with raining the water; twenty-eight persona 
«c« employed to receive complaints and retiUmaliuiiA, aud to give 
the t^Bipomry orders for repairs of the pipes that aro in oommu- 
nication with the private hnuses; 106 persons who are charged 
with o]>t*niug aud atiuttitig off the water from the varioua plaoes 
of diatribution; and finally, fourttxiu persona who aro charged 
with tlie superintendence of the various reaervoirs. The city of 
Paris, it ia to be observed, underlukes the supply of the water 
that ia cnn^umed in that town, and it is now euergettudly at 
work to improve both the qnantity and quality of the aourcea it 
resorts to; in the meantime it delivers the water to a company, 
which undertakes the works that are required by the subscribers 
fur water, and aoeonnts to the town fur the payment of them. 
Tb* ooopauy ia paid for its intervention iu the matter by au 
aUowauGo which it retaina upon the amount of the sums i( 
aoeonnts to the city for. The distribution is on the oonatant 
delivery principle, hut it leaves a great deal to be deairsd on the 
aoure of height; indeed the ieoure of house property in Paris is 
iu fact opposed to the profuse use of water we aro aocustoiued to 
in England, aud the supply may be said to be more muoicipal 
than it if dftnitwlic. It serves to wnuti the streets and to feed the 
mounuiental foiiniains more than it serves the household wants 
of the inbabitnuts, who, by the wuv, have learot to pass over the 
deficiency of many thing's that in England are almost neoeasaries 
of life. There Is a strict reUtiun betwvtu the services of water 
and ae were, which in Paris has received a good solution, so far 
•■ fche r«tuoval of the refuse from the aireets ia couoeroud; but 
tbo whole of this subject is so complicated, aud it would lead to 
details of such length, that I muat reserve them for another 
OCOiaiou. 1 tnay hera mculiou that the city of Parts has treated 
for the supply of gas with a single company, on very favourable 
terms for both that company aud itself. The atfiurs of the 
oomipsny sru at present under ihi mnuagemeot of M. liaflier, 
an Ingeuieur-eo-chef dea Ponts^t-Chausseea, and M. Camus, 
iDgenieur-ordinaire. of the same body. 

The service of the " pave " is arranged in the following man- 
Mr >— M. Homberg, the ingeoieur-in-chef, has under his orders 
Art ingeDJeura-ordinaires, and they have the control of a certain 



number of inspecteurs, nstuiUy about two for each nn-oudisse- 
meut, a number of oonducteurs and piqueurs, about four for each 
arrondissement, and a uumber of cantoauiere, abont forty for 
each arrondissement. M. (fomberg ia charged with the suptr- 
int«ndence of the parts of the town that were inclndcd within 
the limits of old rarix, but when the limits of the town were 
carried back to the forti Heat ion, the jviving of tlie dtsiricts thus 
includetl was entruste<l to M. R/^)Zat de Maudres, who has four 
iugenieurs-ordinnires under his orders, with the usual untuber 
of inspecteurs, conducteurs, piqneu s, and caotonniers. These 
gentlemen are charged with everything connected with the level 
of the streets, both longitudinal and transverse; they arraugs 
thd fall of the chnnoels and the points where the water is Xt> at 
delivercil, and to be C4>nducte<] to the sewers; they have the choice 
of the material thnt is to be used, either paring or mscadam, and 
ttiey fix the manner in which it is to be swept and clennspd ; they 
execQtelhe b^irdora, and tliey have a control over the fsecution of 
the footpaths that are under the special care of the hoosoholdurs, 
unless the city thinks proper to plant them, when they )<ti9<a 
nnder the control of M. Alphand. In Paris the materials used 
fur the roadways are the gri's or sandstones of I'ontainehlenu, the 
porphyry of Belgium, thn quartz rocks of various looaltties, the 
menllieres of the Paris lianu, aud the bituminous rocks of the 
subcretnceous forniatiuos of Seyasel) Neufchatel, &c; lor the foot- 
paths ihey principally use aspbalte, porphvry, aud gris. The 
streets of Paris are models of cleaalioeas, aud they may well bear 
cnmparisoQ with those of London, or of any Dutch town, being 
mauag^ upon a uniform principle, which uur streets are deS- 
cient ill. The gQtt«re are carefnlJy washed twice a day, and 
everything is remorad from thorn before the inhabitants sre 
nbi-oad ; and this is the more remarkable, because all the Paris 
houses are constructed without anything th:it oorresponds with 
the dust-bins of Loudon, eo that the Pansiaus are obliged to de- 
posit everthing in the shape of rubbish iu the public strecis. 
The engineer of the egouts, in fact, complains that his branch of 
the service is unh\irly charged with the removnl nf much refuse 
that ought t<} be carried away on the surface; but thiH is a minor 
evil, which is amply repaid by the cleanliness aud the good state 
of the roadwaya Perhaps the street paving may be rattier in a 
worse state than that of London is genemlly ; but that is owing 
to the great expense of the inaterutls employed in Ptiris ; a*, any 
rate, they never expose their horses to the cruel task of wearing 
down the stones of their macadam — a system that prevails to a 
fearful eiteut, with loss to the parishes, be it observed, too, in 
our citv, that boasta ao much of its civilisation. In Paris the 
foolpatliB are, aa was said before, under the special control of the 
householdera, who can of course pave them in any way they 
think proper; cxoept in the new streets, where the city has exe- 
cuted them simultaneously with the roadways, and where ttte 
honaea are mwie liable tu a |iayment for their repair. 

The bureau of M. Alphand, Ingcnicur-en-chef of the prome- 
nades and the public plnntatioua, is compos«<i of two iogenieurs- 
ordinaina and a great number of iuspoctaurs, oonducteurs, 
piqneors, and cantouuiers : there are also two architects, two 
Bous-inspectenrs, one iuspecteur vcrificatenr, and a host of 
clerks. The attributions of the office are the Bn]wrint«ndence 
of the planting of trees upon the boulevards; the maiuieuancu of 
the public parks; the establi^huvut aud maintenance of the 
public fountains ; the decoration and placing of the public lamps ; 
the arrangement of the market places and the standing booths 
for ptiblic conveyances, advertisements, &c., iu so far as they 
are uncuoQected with the building ; in fact, the execution of 
everything that is oonoei-ned with the upper part of the public 
ways. In the discbarge of these duties M. Alpbaml is assiated 
by the ingenieurs-ordinatreaofthe "voie-publique," bnlaa mncb 
as possible the servioes are kept distinct. 

The Service desTmvaux d'Architacture ia an important branch 
of the administration^ but it does not exercise much influence 
upon the lines or directions of oommunicatiun, excepting in so 
far as they may tnlerfere with the cxistouco of mooumeuts of 
graal artistic aud national value; and it is for this reason, prin- 
cipally, that the advice of the architects is taken. Under general 
ciroauiatanoea, the aixhitaol's bosinesa is oooSned to executing 
the public buildings on thespots that aredesignnte<l for them by 
the prefect, and they have to prepare their mans in confurmitr 
with tlie tDstnictions they may receive from him, and in accord- 
anco with the limits of ex [^cnse that he may judge advisable. At 
present, the Service des Archit«ct8ia nnder tbs immediate presi- 
deucy of M. Baliard^^who luu under biiu a chtif do bureau, and 
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a bod J of architecU and inspectors charged with the maintennDoe 
"f tlie Hotel de Ville aud the various oSioes of the municipality. 
There are fourarchitecu-iu chief; one of whom has the liirectioo 
of the huililingfl that are coaiiected with Iha maintenajice of pub- 
lic peace and the a(lminlslrati<>u of jiifltice; another, the building 
Uirl inuintenancc of the plac<» oonoected with public educntJon ; 
soother, ihe plitces coDDCcted with commerce and the ndiiiiuinini- 
tioQ of the uuuicipnl laws aud fuuila, such as the mairies, tri- 
bunals of commerce, octruiu, &&; nud the fourth, the superiu- 
l«iiileuoc of the religious structures. They are aseisted by four 
coiitrokMirs and about fifteen local architects, and two local archi- 
tecu are also oamed to superintend the departmental buihtiogs; 
' they have, as is uftunl in the French aduiiuistratioDs, numerous 
Mnbordi nates; and ttiere ia quite au army of architecta, that is 
charged with the ooDstractioa of new buildings; the number of 
iheso is not less tlinn tliiriy-thrce at the present time, and it is 
calculated that thf town has not less than 250 architecui, con- 
diiotenrs, piqueura, and fniperintendants, in its employment — the 
greater part being peminuently engsged. 

Tlie superintendence of lodgings constitutes but a small 
branch of the adniiuistmtioo of Paris, and it does not come into 
play at all iu the iinprovfmcnts that have lately been carried on 
in that city; so that it will suUice merely to meuiiou, in pnasing, 
that this object forms one of thoee that seriously occopy the at- 
tentliiu of the preret;t and of the muuicipnl criimcil. The works 
that form part of the nttributiona of the Ingeuiifurs des Ponts-et- 
Chaosseea, more directly concern the inhabitants of Paris, beattise 
they often blend them(«elres with the works executed by the 
engineers of the same body detached for the service of the town. 
OonenUly speaking, the works tbnt are required to connect the 
cnpital with other countries, Aud with the chief places of the 
several departments, the lines of internal navigation and the 
railways, fall under the wire of the Ingcnicurs dee Ponts-et- 
Chanssees; and wr therefore find that the service of the Seiue is 
organised in several hureuui, that is to say, the uidiuar; service, 
the service of the navigation, the »cr^*ice of rejiairing and maiu- 
laiuing the bridges, tbescrviceof the superinteudeuce of railways. 
In this number nru included almut eight ingenieuro-eii-clief, and 
about twenty-four ingeuieurs-oifliiiairee, who disdiarge dutiee 
that are very variable, and are rather inde6nite iu their nature, 
because they somewhat interfere with the duties of their col* 
leagues; however, although the engineers of the state are under 
the immediate control of the minister of public works, they are 
ueverthetesa, to a great extent, subject to tue Prefect of the Seine, 
whose consent is neeessaty fnr any great operations that they may 
be called npon to perform. The same thing may be said of the ser- 
vice of the engineers who are charged with the BOperioteDdence 
of the works thnt ni-c re<[uired for the consolid.iiion of tlie 
quarries under Paris; these nre oorapoaed of the ongiuror-in-chit f 
of the mining engineers aud twoingenieurs-ordluaircaof thesaoue 
boily. and their duties consist in the sut>erint«-ndeiice of the cata- 
combs and the foundations of the public buildings. It is found 
iieceissanr to organise a special service charged with this duty, 
which the prefect is bound to consult whenever a new line of 
commanicatiun is to be established; but it is only as a precnution, 
and to insure the safetvof the buildings abont to ho erected. 
All the last-nitmed orancbcs of the administration only 
have tlie right to interfere witli the prefect when his mea- 
sures are likely to ti-ouhle tlte public convenience or secoiity; 
and therefore they are only mentioned incidentally on the pre- 
aeut occasion. 

But it remains for as to ascertain how the prefect manages to 
provide fViuds for the total change that be is effecting in the plan 
of Paris, xnd in the inipruvements there ciirryingout under his 
energetic management In the first place, tJie revenues of tlie 
town are of themselves very large, and they have been pledged 
long since to meet such of the expenses as ai-e anthorised by the 
government; and iu the second place, the city of Paris has entered 
upon the abuse of its ctedit, by the creation ofa species of floating 
debt, that I think will end in bankruptcy. The yearly receipts 
of the town of Paris are (or were last year) 165,500,040 francs, or 
^£6,223,fk)0 nearly, which are raised from a population of not 
more than 1,667,841: and this, it most be understood, nnly 
ropresenta the sums that the inhsbitauu pay for their local 
taxation; for the government uxea, that are levied directly from 
the payer, are quoted at the snm of :J3,4U,7I8 francs, or the 
(idditional sum of aliout ^1,335,468. This sum of about six and 
ft quarter millions would amouul to an annual paymeut of about 



£3 15#. per head of the population, and it cannot be a matter of 
surprise that the expense of living in Paris is becoming rapidly 
unbearable. The incidence of the taxation is no doubt dis^ised 
by reason of its indirectness, but iIha only makes it more heavily 
felt by thoss who do consume the articles taxed. A man peys Id 
Paris acconling to his consumption, not according to his means; ■ 
aud thus the rich man escapesconlribnlingtotheHtat*-. Tlie poor ' 
luan is forced to |my more iu prnpnrlion thsn his neighbour. Of 
course Englishmen have nothing to du with the manner in 
which the French may levy the revenue that they may reqoire, 
hut it is right to call attention to the radical nnffiimess of the 
system, when so many people here are cl.imnnring fnr the intro- 
duction of a similar one amongst ourselves. As it is, however, 
the rate of local taxation m.iy oe taken at nearly HO per cent, 
on the rentsJ of the inhabitants of Paria, including, however, 
all the relief of the poor, the cxpfmses of the hospitnls, the 
schools, &e., which with as are left to the care and charity of 
private individnals. 

But it is to the creation ofa description ofa municipal float- 
ing debt that the most impartial people look with the greatest 
dread. The city of Paris, even now, has a fnotled debt that give* 
risf to the payment of 13,4SR,74ft fr., to defray the interest, and 
10,314,892 fr.,for tho sinking fund, or nearly a million a year is 
thtis al«orbed out of the G^ millions raised by the town, litis 
is not all, however. The prefect has been allowed to issue obli- 
^tioDs in the oame of the city, and for the caisxs des travanx de 
Paris, to the extent of 80 millions of francs, or for £3,4i3O,0M) ; 
and, if reports are to be credited, so far from his being contented 
with that enonuous sum, he has extended it to the amount of 
ZS millions of francs (or Xl,500,CKX) nearly) in the earn of the 
works nndertaken in the Koulevard Magenta, it ia precisely 
the danger of this abuse of the credit of the town th.tt is to he 
feared, and it is in this respect that the absence of anything like 
a controlling power in the municipal council of Pana is to be 
deplored. As the menibere of this body are all of them merely 
government nominees, aud hold their places only as long as they 
vote the budget that is presented to them, the municipal council of 
Paria beoomea nothing more nor less than a boily chosen to give 
& semblance of legality to the proceedings of the prefect ; it ia 
utterly powerless to resist or to oppose any measnre that hv may 
have determined. Hitherto there has been no Buch result as 
was to be expected from this ignoble paroily on municipal 
govemraeut, and Paris has gaiaea in healthinMs, in beauty, in 
convenience ; in fact, iu everything that tends to make life vala- 
able in largo towns. 

(Tit he eontiM-tud. } 



Tbe Early Englitk Oatttcay, Smithfield. — The old entrance-gate 
to St. Barthulomew's-cloBe, from Smithlield, a speotmeu of tbe 
Early English style, has been for a many years, iu a great 
measure, concealed by an adjoining house,— one side of the gate 
being, in fact, snugly inclosed in a tailor's shop, whiUt the top 
part of the gate, sculptured with its characteristic monldings, 
serves as a support to tbe flooring of the tailor's Ix-dchambsr. 
The tailor's and the three Hdjoiuiug honaea have now bills stuck 
upon the vralls, announcing that the whole property will be sold 
by auction in March; the Early English entrance-gate perhaps 
included. It is the opinion of some persons that the gate is the 
property of the city of London: if so, it is to be hoped that it 
will be cared fur. 

Jtojfal School of Naval Architecture and Murine Engineering.— 
A course of three lecturer, on "Mngnetical Errors, Corapeusa- 
tiuoa, and ConvctiouH, with special reference lo Inm Ships and 
their Compasaea," is to be delivered in the Old Lecture Tboatre 
of the South Kensington Museum, on Thursdays, March i*, 16, 
and S3, 1865, from four to five o'clock, pm., by George BiddelJ 
Airy, Astronomer lloyal. The subject will be treateii under the 
fnliowitig heads: — 1. Terrestrial mnguetism, and the magnetism 
of permanent magneta. 2. Transient inductd magnotinin of iron. 
3. Sub peniiaueut magnetism of iron. 4. Correction of mag- 
netic disturbing forces 6. Magnetism of ships, especially of ir«"n 
shifH, and oorrectinu of their magnetic dittturbiug forces on the 
ship's cnni|«8H. At the close of each lectuie, the .\Rtrtinnmer 
Uoyal will wait to give separate explaniitiona to any individual 
members of the class. Though singU lectures may have pre- 
viously been given, it ia believed that this will b« tbe first course 
nf lectures on this inr-portant subject which has been delivered iu 
the oouDtrv. 
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SCHOOL, EINGSFrFXD, SUFFOLK. 

(WtM an Engraving), 

This i« a amall mixed sctioo), dMif;npH for sixty larger eliildren 
and tn-eulj-ei^fht ttilauta. It compriaea, as will oe oeeo on 
I rvCereaoe to the plan, .a sclioot-room 'Jis feet long and 17 feet wide, 
l^th iafttOts* gallery ut the ouc end, aud a clnse-roou 13 ft 6 in. hy 
llSf^Sio. projecled froiu tlie other; tlie nece»Hary clonrtH and 
lother ootiTcuiencr^ being Whind, and connected hy acuvuretl-way 
Ivith tlie back eutraiiccs to ami from the resjiective playgi-ouuds 
■for giria aod born. Attached lu tlie guller^ buiJdiag, or nilher. 
Flbrmiiig part of ibe name, is a small porcti aL'liiiK "h a uepKralu 
«Dtraiice for ({Iris and iafantii, in well aa for achool-mislreea, if 
desired. Outheoppoaitegideoftlieacbool-roora is the boys' or gene- 
ral porch of entrauce, with hnt and cloak-room leading tbererrom 
to Uie school, aud to the Imvg' playgronod, whi(?h, as well as 
that of the girU, is separated from t'le front grouud of the site 
—laid ont as garden — hy a light tiiubdr feiice, of a character 
corrffipoudiug with the geueml style of the building. The 
material for the walU is red brick, reliered by bands of black 
and white hrick. The apriugers to arches of doors and 
windows aud the Hills uf the latter, are stotie. The roofs are 
• covered with grerii \V<«tmuri>ltind shitc, with bauds of blue 
(Baiuor, and crested with ornamental rid;^e-tile. The timber 
I work is tir worked fair nnd stniued and vaininhed. The roofs are 
[open )ut«malty to tlie ridge and ptasteied beLwe^ii the rafters, 
^&nd ventilatiou is obtaiued from the dunuera shown therein, 
' and from the circular lights in the Qpper part of each 
Enable. The floors of the school-room, class-room, and gallery are 
Ivood, tliose of the porches and cloakroom) tile in pnttcrn. The 
I Windows are glased with Hatted sheet ^la£s in casemeuts, hung to 
open above head. Ou other points of the design aud treatment, 
the view and plan will be sutHcteuUy explanatory. 



THE PEOPLFS SUARE IN ART. 

TnE following address wiia delivered by Mr. Beresford ITope, 
at a meeting of the members of the Architeoturil .MiiHeuiu, nt 
South Kensington, on the occasion of the distribation of prizes 
to art- workmen:— 

Mr. Hope said that, on previous occasions of a sinnhr nature, 
' he bad made some generst remarks on questions of artmtiv inte- 
test, having reference enpecially to the objects to promote whjch 
the Architectural Museum was established. At the opening of 
Ihe seaainu of 186'.!, he had endearourpd to explnin the pecnlinr 
^pbaee of art which they were associatwi together to support,— 
not art aimply, nor architecture simply, but an iuterracdiate some- 
thing which Iht-y might call architectural art. Last year, haTtnu 
•Btnblished what archiiectunil art was the year before, he toot 
[Op the art'Workmnii's piwitiou — the position of the men who 
I vere the executive in the execution of architectural art — ilio art- 
Lprodacers: he now proposed to regard the whole iinestion from 
' another point of view, anrl tn deal with it not so much as regarded 
I Ihe sdvaiiceinent or iriide profit of the art-pmduoer, as from 
r the point of view iu winch the iuterest and advantage of the art- 
1 consumer are conoerncd. He proposed to apeak of the people's 
, ahare in art; the share nf those persons some of whom might be 
able to practise nioro or less of art, but to do so for their own 
amneement aud edification, nnd not as their calling in life. He 
I desired to place before (hem, pUinly and emphnticnlly, a general 
^test f'^r a i;vneral i^ualihotlion for art — ss not one of those thini^s 
to which they ought to be iiiditferent — oue of those things which, 
at the world was now constituted, might or might not exist in a 
nation; but as a thing which ought to exist, if the nation meant 
I adeauaiely to fuitil iis misKion nnmngst the other peoples of the 
L aarth in a social, moral, lulellectusl, and mulvrial point of 
I Tiew. 

They should lirst inquire how far it was deaimble or necessary 
to the well-being of a people that a general spprccistion of art 
•honid be difruncd; next, how ftr it was desirable towanls this 
diffosion of ta^te in art that fncilitii'M fnr making acquaininnce 
with art should W offered to the gi-neml puhliu. How Ur, in 
other wor<]^, should they take stepa, not only that persons should 
appreciate drawing, car^-ing, aud soon; butalao to a certain extent 
IIm oonverted into carvers and draughUimen, although onrviTig 
Taad drawing might never be more to them than an amujsfmeni, 
or, at the ouuide, a very temporary and occasional employment. 



And, thirdly, he would apply the solution of the two questions to 
peculiar circumstances of their own institution. Pint, how &r 
ought a nation as a nation, and how fat ought the individuals of 
tbnt nation, to endeavour to make a general appreciation of art 
in all its branches — painting, sculpture, &c. — the general property 
of the people; not me re I v of the highly educate*! closaes, but of 
thosewnose education and (echincid knowledge were C-imparatively 
limited; — in short, how far ought eductition to be the education 
simply of the eye, and not so exclusively of the meitiory aud the 
intellect. The question brought them back to prinetpK-A of a 
deeper and wider character than mere consideration of artistic 
beauty. It resolved itself at once into that great first principle 
which all those who studied the phUceophy of the human mind iu 
on narrow, or bigotted, or dry spirit, were united in assert- 
ing— namely, that for the healthy development of the 
mind, the iniuj^iuatiim, no less than the rensoQ, must be 
cultivated. 

This is an age in which science has made gigantic progress, — 
an age in which the machinery nfliterature, so to speak — printing, 
journals, public speaking — Imd attained a position and acfjnired 
a power such as no previous time furnished any iustancs of. 
All thetiA wt-ri', in their way, antagonistic to the development of 
the imagination; but on the other hand, they were good nnd right 
m themselves. How, then, was the imagination to be fostered! 
In former time, more rude, aud perhaps more stirring, the 
imaginatioD was fostered through the means of the memory, and 
popnlar poetry and ballads. Heroic action, except in time of 
great retinement, threw itself into the form of lyric or ballad 
I'Oetry. The Homeric poems were the form in which the Greek 
miod treasured up for ugus ihoxe gallant feats which it w.i8 fondly 
hoped were not altogether fuhuloua. The Ifomans had their 
ballads: such as those which Mar^ulny, in his "Lays of Ancient 
Rome," hadattempled to revive. The Border forays, before the nnion 
uf England and ^Scotland — although they only concerned cattla- 
•tealiug eases, which a justice of the peace would dispose of now 
—produced the ballad of "Chevy Chase" and ita compeers, la 
Ireland, theiaflueuc* of bfdlad poetry upon the imagination of the 
Celtic rate was very great; and the treasures of the ancient 
pi>etry of Brittany bad lately been Hisplaywl by the facile muse of 
Mr. Tom Taylor. Coming down to the middle of last ccntnnr, 
they knew how amongst the then half-civilised people in the 
Btghtauds of Scotland much etiring poetry oontained in the 
Jacobin ballads had l>een enshrined. But take oue more oentary 
and its heroic events— the preai contest of right gainst wroD^ 
— the glorionn, seientific, and successful fcnts of British arms; 
tliey only practicallv exist for us in the one ballad, "The Burial 
of Sir John Moore." Waterloo was unsung ; the Crimean War 
produced only Tennyaou's "Charge of the Six Hundred;" the 
Indian Mutiny, although fruitful of incidents displaying the 
during courage and heroiflm and devotion of the British soldier, 
was absolutely barren of veme; tlte War in America had produced 
a sood deal of writing, but uo'. one verse that could live. On the 
side of the people struggling for independence there was one 
touching ballad; on the side of those flghiing for empire there 
was the dolorous ditty, "John Brown's Body is moulderinj, and 



his Snut is marching on. 

Where, then, did the present generation standi 



Were they 
Had the iron 



given over, body aud miud, to the steam empire 7 
of the railway entereil into their soiilT w'here is the food on 
which the imagination might W matured f The answer was 
two-fold. Amougst those who had the time and meanH of obtaining 
a classical education there was still the system, and he trusted 
it would long continue, of becoming acquainted with the classto 
authors. He might be asked, wliMt had a clnsiiical eduattioD 
to do with Gothic art, of which they were admirers? Well, 
be wna treating o{ art from an educational, and not from 
a technical, point of view; aud next, it wns in the name 
of Gothic art that he elaime^l its pre-eminence in the literature of 
Greece aui) Home. Gothic art had shown them the more excellent 
way, but they should confess that tliat more excellent way 
had its foundation iu the streets of Athena and Rome. One 
reason why they studied Mediaeval art with more profit and 
einsticity, and Ii'&h uf mere pfxlnntrv '.ban their contemporaries in 
France and Germany, wntt, that iu those countries the rival ChuHiie 
and Gothic schools were pitted against each other bitterly and 
unreasonably. 

Welt, it being admitted that the study of ancient literature 
developed the imagination, expanded the sphere of tlmnght 
he aalced, what were the maases, who bad not time, or 
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means, or facilities of learning the« things, to do? Wbatequivft- 
lent waa to tu given for the ktiowUdge of CIamic liter^itureT 
wh&t conipeiisniion for the fresh atream of bnllad and 
popalar poetry which their rude ancestors called iheir own I 
UM nuBwar nsa a simple one, aud it brought him to the 
point nf the lecture: — for the uiasseft, give froely, readilv, 
and wiih an open hiind, the means of enjoying art; givo 
them plenty of opportunity of scoing art; give thcro the 
opporlanity, too, of learalng sach simple principles of art as 
shmll uuabiu them to apprecinte the merits or reccgiiiiie the 
demorila of the a|>ecitu(iti!t uf iirl brought before thorn. U might 
also be asked, were Uicy to Lake the rough sous of Inbomr by the 
band, and hopefully to ask them to admire that which was so 
diSerent from all ihut ciime withiu the ken of Uieir ordiuury life, 
and from thu spirit of thuir ordinary puitiuitM? Thore might be 
difficulty in the way, hut that ought not to deter them; for they 
should remember that the more the forms of beauty were ntrange 
to the ordinary life of the class to which he alluded, the more 
ought they to put them iu the way of enjoying them, when and 
as they could. One way in which they could do no was this, by 
giviog them ample oppoi-tunity of studying copies, if they could 
BOt study the originals, of the mattterpiecea of art of a past time: 
and next, by keepiug up a briek supply of creditable art of 
modern proilucticm, iu and around and amongst them. U they 
banished aucienl art, tiiey would cut otf a great connection with 
the post, and an important branch of art education; un the other 
band, if they confiued thems^lvee to the rcprodticiion in aists 
and mud^U (if old niat(t{^r|iidC«K, lh«y wnuUl mtt. infuse the breath 
of liie into the exiatiug b^uly. Modern art tui^ht be inferior to 
ancient, hut it wus their own; it was tlie f-inu and embodiment 
of the day in which they lived; and unlesa they foetered thctKliool 
of art of their own time — uulesfi they weie forbeariDg, and not 
too exacting — utiless ihey encouraged it iu it« first totteriug root- 
steps, they would fail to fulfil a duty they owed lo the time in 
which they lived. In short, they should give the people museums 
and schools of art, and somethiug more; scitt<;red up nod down, 
in tho highways and byways uf their towns and villages, they 
shoulil have the forms of sculptured art; in thetr piihllc 
buildings they should have specimens of pointed art, so that the 
idea of paiuiiog and sculpture should become as household 
thoughts to the mass of the popuhttiun. This was found to be 
the case on the Continent, and wtiat was u> lead to itH Iwing the 
ease at home it Sinipty to go on boring with the thing until they 
made something like an impreasiou; to go ou displnyiag before 
the eyes of the people a soooeasive series of representations uf 
forms, not merely graceful forms, bat fonns that would recall 
great historical events uf a past time; and ngaiu, by tiikiug every 
opportunity of giving inatructiou in art. 

The question of art- instruction for the multitude was last year, 
aud might be agniti. matter of dit>eu8<iun iu tho8« hi>;h quarters 
where public affairs were seriously debatod. It was, he held, the 
dtt^ of a civilized oouimou wealth, aa soon as ic had appreciated 
the ntoassity aud advantages of a movement towards general art- 
edaeatioQ, to foster that movemeut with uo uit^gard hand, as a 
thing iu which advancement mu^t be mrul** from above, even 
white the acknowledgment from below must, f«r a time, at least, 
hardly correspond with the zeal with which the missionaries of 
the movemeut stirred themselves up to their work. There was a 
great agitaliuu now for iadu»irial exhibilions. They had almost 
a plethora of iirt-com[jetitiou all ovrtr tlie ctmutry. What waa 
required still wus simply a re ■ ulatiug mind—* broad appreciation 
of art, not merely in its tcchuicnl details ns good atiatomical 
drftwiug, good foliage grouped in naturalistic: or conventional 
forma, good a<lju8lmeut uf culuur, and so forth, — all these were 
most essential, — hut also as regarded its traiuitig directly with a 
Ticw to its historical aud poeticjil intercM, aud allbrdiug a rough- 
and-ready view of other times and countries. 

Take the great hiatoiicil event* of our own country. Where 
wait the common Kugliiihmau, aud how, tn etuily tliuiu iu pictures 
and sculpture! Such <litl nut cxint for the common man; and 
their not existing was, bo couiidercd, a great disgiaoe and detri- 
ment to the couulry. How, then, might they exist? They might 
oxist, not only iu frescoes and in sculpture, but in cheap litho- 
grapbic prints, which could be circulatetl by the million. In the 
Hooks of Parliameut, which, with all the faults that had been 
•o maliciously exaggor.ite.l, wei-e still, he coufiidered, a splendid 
moaoment, they might sec this art for the people displayed. 
They might see it in the orypt of St, Stophen's, which had lately 
been so gorgeously and beautifully restored; in the hall above, 



devotefl lo the statues of our worth lea; iu the painting of the 
grand old legend of Arthur; in the historical frescoes ; they could 
alao see it m the Assize Ball of Manchester, which would 
shame many of the public buildings of London by its combined 
beauty and con veuienee; they could ali*o aeeit iu Uie new Orphan- 
age at Birmingtiam, the donor of which had had a cloister under- 
neath uet apart tin a play-ground for the children, the capitals of 
the columns of which were carved with fables, which wore cal- 
culated to engage the minds of the children through the eye,. 
Whether the walls uf their churches would or would not be tb>' 
Vuliicle of pictorial represenlalion renitiined to he proved. Hap- ' 
pily the idea that the Diviue Being was dishonoured by rqpre- 
sertationa of the great eveuts of the Bible, that superstitious 
feeling, that idolatry of whitewndh, was passing awny, and the 
reasonable itense for represeutationa uf lUvioe eveuts waa growina 
up. In Italy, in (f?rmany, in Switzerland, they saw pictoriu 
art, — of a very rude kind no doubt, — ornamenting the walls of 
public buildings everj'where. Unhappily, the same could not bo 
atiil of Old Knghiiid, with more opportnity for obtaining it now 
than ever before existed. And why? Partly from that ouper- 
atitiona dread of colouring, which hud Wen ihe Engl iolt man's 
bugbear until now, aud partly from thi> want of sufficient art- 
education iu our governing cloaaes, both of which causes were 
happily dying away. 

Again, if they wialicd to teach the i>uuple to appreciate art, 
they ought to tench them to do a little art theroaatves, — a tittle , J 
carving, a little dra%ving, and so forth. Drawing would give ' 
item a kiiowleilge nf proportion, which nothing else hut a mat bo- 
matical training could give ihem. Even cliildren in villaga 
BchooU could be traiu(?d tu a certain extent: they could have 
im|>arteil to them instructitm iu the 6rst principles of furm and ] 
proportion, which would be a valuahle corrective to the irregn-j 
Urities of the mind in after life. Uow it was to be done, tnntj 
wa.i not the place to diMCuaa. He merely threw out that there 
wasH Decessity for atfordinc to tlic |>e>jple education in art which 
would stimulate and traiu the imaginative side of their mind, and 
alsLi contirm and strei:gihen that harder and more practical 
element, — that which might be called the tuathemaiical side 
of the iutellecl, — both of which were involved in art- 
trnining. 

But how did all this npply to the art-workman, whom it waci 
the privilege of the Arcliitttcturml Mnaeum to bring forward? It] 
was a question of supply and demand. Dul-c educate the people , 
lo know a little aouiethiug of, and to have a taste for, ari^ — hold j 
out to them grand types of artistic progress in ancient days, aad -. 

?;ood specimens of modern art, and tiiey woold create a demandi- 
or art-objects,— cheap and inferinr, jMirhaiia, — but for objectM 
which should lie supplied to .meet tlie demand. Who weretoT 
furnish those art-oh^ecisf They might not be the venison of art,< 
but the wholesome jurked beef at 'id. per lb.; and this jeiked beef j 
of art was espeolally what the an- workman should supply. The 
freacoes, as they were called, of the old churehes ou the LVntiuenC 
woi-c ruu otf in three or four colours: why conld not art-workmen 
bo found here to fill the chui-ches nud public buildings and 
veetry-halls of England with similar paintings? Why could they 
not do the sign-painting, which wiui now so much neglected, — 
make alatuettem for chiiijneiy-)>ieces, vaaes for flowers, and many 
other ar(-objectd which au art -educated people would require and , 
demand i Alt ttieee the art-workman could pro<luce if lie stead- ' 
fastly stuck to his lost. The creation uf ;i general art-feeling 
wua quite poaaible, aud it was adled for eapechdiy in this day, 
when materi.'dism must be couutemcted by cultivated imngiua- 
lion. That feeling once diffused, then the erection of museums 
aud art-sell oolit, and the adorument of lighw.-iys and public build- i 
inge, as he had auggeitted, would turn to the 6uaucial advautagw 
of the art workman or working artist ; for they could bo artista] 
as truly as thus.© who wrote "lt,A." after their names. Tli«'j 
former might produce art object* for the million, as the lalteC'^ 
did tV'r the higlier clasMes, and tlmt waa the people'o abate in art,] 
They were .ill engaged in a great Joint-stock company, of which 
those whom he ^dressed were tla- trustees. They might make 
it,by their efforta, or mar it by their neglect. He Rske.1 thMn 
not to be thrown hack by the falhicy that Kngluud was not an 
artistic nation. Those who held that idea might ask him, had be 
ever looked at Trafalgar Square ) He bad, aud he admitted that 
there was neceeaity for umnifestiiig a gigantic penitence. They 
might lead the way, and carry the tapers iu the peneteutial pro- 
oeasion ; and, having doue so, show their repentance by their 
works. They might come forward and encourage a moTcmcut 
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iowxrild ft b«tlor bUlU of things ; not in a pednutic spirit, bot 
vith a generous appi'eciatiun of the art of all times tertuioa 
tlog ia that gT«at art of E<ii-op<> aod EugUad — tie art of tlie 
MiaJIe Ages, of which thev wn tim htiira, aud destine, he 
believed, to be the promoters, the improvers, aud the remitters 
to poaterilj. 

The prizes were then dijitriboled to the successful competitor, 
as follows: — 

Par SiVivr ITori-. — First Pri»8, £10. Henry Whitfthoim^ jon.— 
Secund Priws, ITS [•». S«plimim H.^r»ford, — Kxtm Vriw, £3 3*. iitny. 
J. Langle;. — Ditto, £^ It. nn.i a IWik. Walter llarrisoiL 

Par Tranrpartn' Evameit. — VHml Prize, £7. H. de Kooingh. — 
Sscond I*rw. £3, Fruderick LnwN. 

For OptujHf SHamtU.— VriT^ M £\0. Alfrcfd Gray. 

Por Chintte Cloiionme linamfli. — Extra Prixci, a Book. H. de 
Koaingh. 



NAPIEE AND HOPFS PLAN FOR THE UTILISATION 
OF THE SEWAGE OF LONDON. 
Tni otilisatiou of the sewage of towns is ooe of the most im- 
portant questioQS now engagjug the public atteiitiou. The 
methods hitherto tried of precipitating^ the solid matters iu 
•swage bj lime and other clieap eubsluiices, d^^ u«t nppear to have 
proved oommercially siir^esaful. Tlie subject cf tlie utilitmiinu 
of MWRge was retwiitly brought before thn Jtoyal Scotti-'^h Sooiet/ 
of Arts, by Mr. Gourj^e RobertKuo, C.B., who is of opiniou that, 
**Alm«at without exception, every towu which cnu uae its sewaae 
for irrigatioQ, bj meaus of gravitation atone, would find the 
BeoBHuy outlay to be aiuplj repaid, Wliere gravitaiiou is im- 
uoaubUf many towns might mnke nse of wster iwwer for pump- 
ing; mud even where steaoi has Lo be empIoy'*a, this need not 
norwnnnriljr discourage; for pumping by steam is not such an 
alarmingly expensive thing, and its cost is well known. With- 
out reference either to the value of tlie sewage, or the 
quaatUy uaed per acre of laud, and applying equally to evei^ 
town, there are two very important poiuts in tlio consideration 
of the utilisation of sewage. Doth in a coinmcreial and an engi- 
neering )>oint of view. One is, the area of |3d<1 which can pus- 
sably be irrigated during the course of the sewer; and the other 
ia, the outfall fur the sewage, at limes when, either from wet 
weather, frost, or other reasons, the wliole of it cannot be used 
on the land through which the conduit passen. Tlie most |?er- 
fect system attainable wouUl be, la sell or uiiti^e sll that was 
pnasibte on the wsy to the outfall, but to hsve the outfall itself 
on worthless bari*en Innd, l>etonging to the cr>rporatloD or 
oompanj to whom the sewage has been ooncolijif. DuHng the 
Ume when there is do maikat for the sewage in IratutitUf it can 
UteD be used for the fertiIi»ntion and lienetit of the laud at the 
OQt&ll. If it should be found to psy better nut to soli any on 
the way, then the whole can be usetl on the promoters' own 
land. Wheu the farmers find the sewage abs^oliitely brought 
past their doors, and that by using it they may, without ilmibt, 
double or treble tlie amount of grass grown on their meadcws, 
they will be glad to buy it. and moat probably will use all they 
am geL In this case, the whole can be ii'>!d fur tlie greater part 
of the year, and only used on the barren Unds nt the outfall, 
when not wanted above. It is the waiitof a constant and certain 
Ottt&ll which is one of the greatest objections to some of the 
•dieraes proposed for London, eapooially to the one favourod by 
th« corporation, of pumping the sewage to heights near the towu, 
and then diatribuiing it by hose and jet over the surrounding 
fields. What is to iKcomo of this mighty sli-eam of filth wheu 
tiier« IS no market for it ? It must fidl back into the Thames, 
and reader useless the present great expenditure for the puri- 
fioation of that river." 

The plan proposed by Messrs. Napier and Hope for the ntillaa- 

tioo of the sewage of Lnodon, is not altogether novel in its msin 

; liMlnres. In 1856 Mr. M*CIean, the president of the Institution 

ffji Civil Bngineors, suggested a somewhat similar idea. Ue pro- 

bOMxl to coudttct the sewage of London tlirough the c-mnty of 

Essex, to a point on the coast between the rivers Blackwater and 

; OroQub, uaiog it on the wny to irrigate whatever laud could be 

reached by gravitation. 8evooty-three of the occupierii of lands 

in the jioutheru division of Essex memorial i.<(ed the Board of 

Works to adopt this project. Some yenrs after, the Board of 



Works advertised for plans and tenders for the sewage; and, afler 
some deUy, the propoanl of Messrs. Napier and Hope has been 
accepted, and a concession grauied to them. 

It may ho meniinned that Mr. G. W, Heuians, C.E, and Mr. 
J. F. Bateni/iiii, C.K, wei^ cKiiicerned in laying onl this scheme, 
which Mr. RobcrUiuu thus dcHcribtai;— 

" When wc examine the contour of the county of Essex, throngli 
which the Ixiudon sewage is to be tJikcu, we find it peculiarly 
adapted far the purpuMe. There is also no C'>nnty in England in 
which the proportion of waste l«nd Ik so small; ami, from being 
wliollyspricultural, the people srs funi.d in moilcrate-sizeil, and 
not in large towns. The part whicli lies in thesoutheru [Rirtion, 
on the banks of the Thames and <iu the ses-sbor*?, is of mode- 
rate elevation, ami is a rich alluvinl soil, on a sulisoil of very 
teuMcinuH clay. Under cultivation tins produces very abundant 
crojjs of wheat, beans, and clover; inde«d, the best wlmat in the 
Lond(»n UKirkel in that from the " Essex Hundrtuh*." Most of 
the farms in South Ekscx have, more or less, a pmportion of rich 
marsh Isnd; the edi;e8 of the coast tnwards the Tliames and sea 
being flat, and hi-oken iotocreeksanilialnnds, with great breadths 
of santls drying-st Inw-water. On these fringes of flat laud oxen 
are fed, and hay gniwii for winter couatimption. In eome parts 
the scarcity of water is severely felt; and throughout the county 
generally there is a smnll rainffdl, perhaps ten inchM less than 
in more western counties of England. The great mass of land 
Isiid is arable at present; but menduw grasses could be easily 
growD, if the raiutall were to be supplemented by a supply of 
sewage. 

Through this favourably-situated county, therefore, it is pro- 
posed to take the sewogo of I»nd(in on its way to the outfall ou 
the coast; and the contour of the. laud is so favourable, that at 
least SO.tJOt) acres cau be oammaoded. by gravitation alone, from 
the main culvert nnd its bnincbefc. The promoters will irrigate 
a few fielils for themselves liere and there, ss advertisements, to 
show what can be iluue by sewage; and I think it cuinol be 
doubted but that the farmers will soon find ont its advantage, 
and be ready to give a good price for this stream of wealth flow- 
ing iwwt their doors — more especially when w© consider that It 
is daily l)ecominz more difficult to grow corn in this country 
with profit, and Uiat siock and dairy forms are fonud to bo more 
remunerative. 

The present dry-weather sewage of the north side of London, 
with a population of 1.800,000. is 10,000,000 cubic feet a day; but 
the prospective sewage ro»y be taken at 11,490,000 cubic feeC 
Besides this, the metropolitan board of works provides for au 
extra i of an inch of rainfall; but the jiromoters only propose to 
take the dry weather sewage — 10,000,000 cubic feet a day, or about 
100,000,000 tons per annum — at pi-esent. 

The main culvert is to tap the northern main outfall sewer of 
the metropolitan board of works at Abbey-mills, 3 miles from 
London, receiving the sewage lliero considerably above the level 
of high water. The culvert then rune for a distance of 6 miles, 
when it is joiued by a branch conduit from the Barking outfall 
reservoir; it then passes on for a further distance of •^'i mites, 
sometimes iu cutting, sometimes on embaukmeuLs, until it reiu:hes 
the bead uf thu navigation of the river Crouch, at Battle's- bridge, 
in Essex, 2** miles frara the c<jramcncemeut at Abbey-mills. Up 
to this point the sewer consists of a circular brick culvert, lOfcet 
in diameter, as much as pnsHible hidf in, and half out of, the 
ground. The culvert will take 9500 cubic feet per minute: but 
with the present dry-weather sewage it will only have 70(X), and 
only be three-quarters full. The reason for starling the main 
culvert at Abbey-mills, and not at the Barking outfall, is to take 
advantage of the higher level of the sewage at the former place. 
The level of the bottom of the culvert at Abbey^mills ia 6 feet 
above Trinity high-water mark, and from theuce it lalls gently 
for more than 3 miles. The level of the ground then require* 
that the sewage be lifte<l up 20 fef t by pumfai; aud, between the 
ninth and tenth mile, it has again to bo jiumped up for li feet. 
Previous to this last lift, however, the main cnlvert ia joined, near 
the sixth mile, by a S-feet branch from Barking outfall reservoir, 
the Bew}^^ from which has to be raised a sufficient height to 
snablo it to join the main culvert. If the prospective sewago be 
taken at 11,41^,000 cubic feet per diem, the main culvert at 
Abbey-mills will accommo<late I0,2i>4,'^^0 cubic feet, leaving 
1,200,^00 cubic feet for the Barking branch. 

From the ninth mile, the sewage will flow by gra\'itaticn to the 
sen, will) a fall of about 1 foot ^^er mile. This, it U calcalat«d 
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will gire snEBcieitt reloctly to prevent deposit, oonntdering the 
light nature of th» aiispeudetl matters in ntwa^e, nfl«r having; 
WQU chiirncil op by repeat-cil immpiiitr*- Tluf liolinai of the 
culvert at the sea wUI discharRe at such a depth below high- 
water level as to commaod the whole area of sands to be 
reclaimed. 

At the twenty-eighth mile, where the cnodnil reaches the river 
fTrnaeh, It branches off into two viilverta — one of 8 ft 3 In. In 
diameter, leading to the Maplin or Koulneu-wiads, on the south 
of the Cmoch; and the other, of 6 ft. in. diameter, leading 
to the Dengie-flats, on the nortliof the Crnnch — the lengths being 
lfl{ aiid 18 miles respectively. Shoald it be determined to give 
np, or postpone, the Dengie position of the schemo (the flats there 
hein;; almost too rich in ailnvial deposit), and increase the are* 
to lie reclaimed on the Maplin-sands, then the cnivert will !;« 
taken there with the fuU diameter of 10 fret. The total diHtance 
from Ahbtrv-mills to the Maplin-sands is 44 miles. The Dengle- 
flats and MapHn-saads are eitensive foreahorea on tlie east coast 
of Essex, dry at low-water, and several miles in width by about 
twenty ofnggi-egnte length. Purtions of these vaat filaiiiM ofssud, 
mixed wiih alhivint deponit, are to be reclaimed from the sea by 
etnhankmetits (similar to tho»e which arc common in LiDcuiiishirc, 
Hollnml, and other coiinlrien), to the extent of nlwut 750U acres 
of the .M.-tpIin-Kands, and 45tK) seres of the Uengie-flats— 13,000 
acre* in all, at first. The sewers will be didcharsed over these 
areas by (imvitatioQ; and the ctfoct will nndoubtediy be, that the 
salt tioA barren sands in a couple of years will be freshened, and 
soon after capable of grnwing as rich gra-ss a« that grown at 
Craigentinny. Tlie only band labour re(|uire<l will be the mere 
keeping in order and cleansing the water channels — a very 'rifling 
expense, indeed, cimpared with that <if the hoae and jet system, 
favnnred by the corporation of I^mlun. If th? wholp sewage be pnt 
on the 1 2,000 acres, it would givH upwnnls of Hti,00ii tons per acre; 
one-half more than Is required as a maximum. So that the. 
company can cither sell their snrplus on the way. or use i-t on an 
additional inoloenre of the sandA. and yet do ample jnotioe to 
their propf-rty at the ou(.f;dl. When weormsiiler that BO,ut*0aoiaj 
can be commaiitlvd hy gmvil.i!lon aluue from the main culvert 
Bud its brunches, there cnii be little doubt of a couslaut and 
profitable market for the snrplas. 

Though grasses are the most pnifitnhle crops vet discovered to 
which lo apply linuid sewage, additiount expRrii>iice may prove, 
and probably will prove, that it can likewise be profitaldy used 
for cerenU and moln. Rut. in the lalter case, there must be 
times during which the apjilicMliou would uianitVatly be in- 
jurious; aud we must therefiTS look to grass meadows, if wo 
wish to have A constant nod steady demand for liquid manure. 

Where the brat»ch culvert crossc Ilarking-creek, and at the 
river Roach, which is an ami of the Croucli, syphons will be 
uecessnry, and ihey will be laid double, so thai one may be 
cleansed while the other is iu use. The 34>w:ige can always 
likewise be turned Into the Thames, for short ptrindu, wheo 
reprirs are r»i|nirtd. 

The eatales to he reclaimed am to become the property of the 
company, and will be entirely under Italian rye grass and meadow 
grasses, for dairy purposes and fdr fattening entile. 

It is to be noticMl thst, in Itiiit Rchenie, ft>*rj/ kind nf throry 
may b« tried: liirge qunntities af>plie<l to sandy soils, or small 
quaniUies to dnyey aud nrnble latd; or any other plan which 
may by experience he foau'l to pay Wst. By intermodiate lifts 
on the clay lArt<lt, small Hr«*Hsiugs by hose and jet may be applied. 
There is sUo the advantage of k thinly populnted country for the 
sewage to flow through in its covel-etl ciianuels, and a most out- 
of-the-May part of the coiut for it to be discharged U}.>oi). 
Armn^ewoQls will be made by reservoii-s, or otherwise, fur 
supplying tlio farmers who rei{nire either a coustaotr or an 
oc<"T*wonal nnpply nf mannre; those who may consider it worth 
while to lay out tht^ir land as sewngo farms, and those who may 
desire to take a more limited quantity of liquid in times of 
drought, or to start a bay cn»p nfter a first cutting, or for 
transplantation of uabhage and mangold, or any other market 
ganteu purpose. 

Mr. Heranns estimates the cost of the culverts at i'l.fiOO.OOO; 
(he pumping statin;, « at i:72,<>00; and the embankments aud 
contingencies at .£^:2-S,i.h10— lni«l esttnmte, ^2,100,000. Should 
the Dengie branch l>e abnndoneil. the saving will be il4AO,000; 
culverts being i!:iAO,i dK), and cmbauknieiits £100,0(10. 

TheauuuaicoBlof pumpiug he estimates at £10,000, with £J0O 
per aouum for every additional foot it may be found desirable to 



lift the sewage. Tins is only 2^ percent, ou the value of the sewage 
at \d. a ton. or /i per cent, at ^d. a tun. So that pumping on a 
large scale is not so very expensive, as I said before. The power ' 
required is 40O a.r. for the main IJne^ and 00 a. v. for the branch 
from the i-eservriir. 

Tlie total expense of carrying the sewage from Abbey-mills 
to the sen, iiicluiliug A i>er cent, ou the costof the culverts, bat 
exclusive of the sea embankmeuls, is estimated not to exceed ODft* 
fifth of a i«nuy per ton. 

With regard to the tinancial prospects of the scheme; T am not 
quite sure an to the exact nature of the last arrangement with 
the board of Works, or of the revenue calculated upon by tha 
promoters; but it is evident that, if the sewage be practical!/ 
worth Irf. per ton, then the gross yearly value of the »ewag« of ' 
North London is £417,000. ff 6 per cent, on the outlay be fint 
deductc*d from this, there remains £312,000 for working expenses 
and profit. Tim working expenses tire calcuhited at £30,000 per 
annum; leaving the very considerable snm of £i:82,000 for divi- 
sion between thepromot.'maud the Metropolitan Board of Works, 
when the ncheme l«ecriniea fully developed. Even on the suppo* 
sition that the sewnge is worth only \d. n-ton, the scheme will 
still he profitable to both parties, if it be carried out at the 
estimated expense. 

Such is nn outline of the plan projjosed by Messrs. Napier ond 
Hope for the utilisation of the sewajje of Loudon. When we 
consider the imporianoe of the experiment to the country at 
Inrge (auil that it in an experiment must be at once admittovl}, as 
well an its benefit towards the puritlcotion of the Thames, we 
cauoot bat wish that it may pass succeasfully through Parlia- 
ment. It has been well dlgestMl; the engineering details worked 
out carefully by eminent professional men; and it appears tu 
Difer a fair prospect of frecuniary succews. The worst fault 
which its opponvntH, the corporation of Loudou, have to Gnd 
with it i», that it is founded upon too low an estimate of the valn« 
of the sew.ige of Londoo, which they estimate at £l,061,4JU 
per annum. 



THE EXHIBITION OP THE SOCIETY OF BRITISH 
ARTIST& 

This exhibition — one of the earliest of the annual Londoo 
season — has again opened its pleasant galleriwi in Snirolk-street, 
which are, as usual, well filled with a variety of pictures in 
every branch of the art. The veteran president, Mr. Hurlstone, 
stilt supplies us with his aunbunit Italian and Spanish groups, 
Mesai'fl. Cobbett, Helmsley, and Woolmer, with tneir specialties 
of another ty|>e; while the names of Pyue, C'Uut, Boddington, 
(toflling, Cole, Syer, and others iu the catalogue, at ouceintruduos 
us to the beauties of nsture, both on sea aud land. If there is 
one dcpaitment lesa represented than another, It is, perhaps, that 
of architecture; ihouwh the contrihutiona nf bucIi arlist** as 
XlessnL Dubhiu, Wood, and Brewer, arc invariably interesting 
aud worthy of study, comhiniug as Ihey do, the real with il»e 
artistic in their delineations. Mr. Dobbin sends four pictures, 
each of whic-ti benrs the stamp of caie aud p:dnstaking to an 
amount which tends to rcudor them hard in their outline, and 
deprive tliem of much of that depth nud truDsparency which are 
so essential to gr>o<l effect as a whole. This is especially evident 
in his "Tombof CoutUbleAlvarode Luua," iu the chapel of Saot- 
iagn, Toletio Cathedral (781); aud in a less degre« in each of 
the other Spanish subjects he has chosen. The architecture of 
ihis country has been oomfjaratively uocxplored, and is con- 
sequently but little known. The few works which have been 
issued in its iiliistnition evidnuce, however, that there is great 
novelty to be glejvned in thia uuirodden Held, to whidi the 
(^tabonite work just published by Mr. Street, will prove niaeful 
pioneer. 

Mr. L. J. WofHl'a little cabinet pictures, chiefly of continental 
studies, usually so numerous, are this year soiucwhat oouspicuuus 
by their abaeiiee. Their number has dwindled to two, (351, 621) 
the former, if we mistake not, another version of an old scene — > 
"Boppftrt on the Hhinc;" and the latter, "Braubach," also ou 
the HhincT appears of uo special tulereat, Mr. Brewer, on the 
contrary, exhibits some capital architectural pictures, quite gems 
in their way, which gives cause for regret that their number Is 
but three: (SS6) "at Nurembarg in BaroriA," is simplicity itself. 
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•0 &r aa mere forma are coDoerned — a plaio senictroular arch 
spmnDtn^ tho stmu, bat crowneit with mnsunry, and flanked 
by tnmsU, Ac, which give a thorouyMy pictur«*9<)ue, aa well as 
oontiDrntAl aspect to tlie view. Hamliert' Calhedral (476) is 
equally cood in its way, but a peep in t)i«* Kuglish city of Oxford 
(1007) will be rvf^rdeti with greater pk-ajiurc, p<rhapii, th»n eitlier 
of theae. Though entitled "Oriel t'ollege," llmt building plays 
but a eohservietit part. Ii is in thn forei^murid certainly, hut so 
forwbortcned as to afford but an iuttdequate idea of the building, 
while beyond, and in the wjntre of the pietare, are its real attrac- 
tioDA, the florid Gr'thic npiro of St. Mitrya Church, in close juxta- 
posiUou with the eqimlly-reoowneJ Classic dome of the Kadcliffo 
Library. 

The large and very finft picture by Mr. J. B. Pyne, (205), is 
one of th« moat noiiceahle lu the exhibition, both on srooout of 
the eubjeot ilwlf. ami the masterly way in which it is treated. 
It npreMnls the Koinan aqueilucis from the Palace and Church 
of St. John, Lttteran, with the Alhnn hillu^ &cl, in the distance. 
The roelRuchidy grnndenr of the ^cene U heightened by the p«ro- 
liarly glowing hue in which it \n enveloped, while thrnaghont 
the details sppeor to ht> expi-eti«;eil with conscientious fidelity. 
The old chnruh ac Bonctiurch, Iitle of Wight, is a welJ-knowu 
Uid AiTourite exorcise for the hi-unh, and liaabeeu carefully handled 
(331) by Mr. J. J. Wil*on. Several other studies by this arlim, 
especially nf homely old-foahioned ooltn^M, are scattered about 
the walls, aud are duAcr%-ii)(; itf notice. 

Fn the south-east room lh«re ar«n fewRrehit«ctnral works, two 
(287,414) being by Mr. Polleutim-, nnd Ukcu at Venice. We 
cannot, howeret, «ny tlirtt justice his been by any means done 
to the snhject»ttiiii4 hronght liefure tis for the tht>uaaud-und-firat 
time. The gr:*iid and Tunierfuque rnudering of the "(JImrch 
of San Ueor^^o .M«ggii>re, with the D<igana" (4'J5), by Mr. Pyne, 
is, on the cuntniry, n opiendid architectumi work, ns well hb a 
complete study of colour. Mr. Henry's careful drawing, too{542),of 
the " C-otnniu of St. Mark," niny here bo nieulioued. A view 
of "Gloncesler" (6S5i, by Mr. A. .1. Meadows, shows the tower 
of the Cathedral in the distance, but it is a mere caricniure of 
the stately outline and proportions nf the original. Mr. W. 
Deane, in DJujuuctton witlj Mr. Mann, exhibits (591) one nf those 
street oirnere which hu ia so foud nf depirting, nnd nhtch he 
manages so cleverly iu a ProntdilceAtyle. The skt^tch is Likeu 
at Caen. Another eoiiuneutal sketch, by Mr. Montague (61G), 
•hows the old towor anil mnrkel- place of Ghent. .Another pic- 
ture by the same ai-tisl (49S), iu called "St. Amiens." 

Reverting awhile to EitKliah t^ceues, we nmy note (SOO) a charm- 
b^ view of ArniKlel Ciiatle, bv Mr. Qleunie, and an equally pic- 
tur«riue view <.f the "Jleculvere, Kent" (796), nainted on the 
apot by Mr. I>o Flenry. This latter i», indeed, a large and 
masterty work. Mr. Wyke Bayliss exliibiu two pi-eteniious 
watrr<^dnar drawings; one of part of tht: interior of Chartres 
Uithedral {MOB), which i^ overlaboured iu its etl'ect; and the name 
objcctiuo is due to tliK Hfioiind piciure (yOS), " Westraibster Abbey. 
Vjew fnim the Chpnccl." (^. chnirf)- This latter ia imperfect, 
for tlinn;;!! ihe picture is dated 1662, some importsnt meial-work 
fMtnr«« are oiuitU*<I. In a very showy drawing ([1731 Mr. A. E. 
Everilt Rivet- un intt>riitr»r the Church of St, OuduIe,at Hmsselx, 
rmb.roi'itig the celubmtetl pidpit, ho florid and fanciful in ita 
design, and upon which he bits bestowed due pains. 

We cannot utnit rfforeiice t^> riome others among the general 
pictnrea to comt<l«t« our review of tins exhibition. Mr. G. Cole 
hai been idluded Ui otily by mime as yet, hut his mnrvellous cnru- 
field BC4>nes and glowing xuuwi'U are still ns nnnpiinnicliable aa 
ever. His great success in the leading picture last year has 
donbth-M tempted him ta essay another i/f the same class (t^), 
and which occupius the aikmo position on the walls. It ia difficult 
toonnoiivo a riclier nnd yet morn truthful bit uf colouring Itiau 
is here presente.!, und the same m\y be remarked of the other 
productions by ihi? tame hand, which are an.ong t'le chief atlrsc- 
tiona of (his exhibitiun, but m^iecially would we p«itnt altcnlion 
to one of bit "iii.itler pictures (H3!-), ca'lled " (Jhsnyc of pH^ture,'* 
which iH It («-i(Vct ff.,'ni in its wsy. Theru are two miigiiiKtx'Ut 
wr.rks by A. t,lliiit;'*ftiineet nfler a Storm" (U5), deserving, jieihapa, 
the (mIiu. AU'>, Meveral deliglitfullyoiol landscapes, and simdy 
rivers' binks, by B<jddiiiglon nnd Trunnnt; cU-ver Welsh scenei? 
by Syer; two HcnrF subjects by Haynes King, elabonii^d even to 
miniature style; Mcreral dreamy iMingiuiugs, such as Mr. Wocd- 
mer alone can evoke; some cleverly-jiainted snim^its by K. 
Pbysick; and a few select specimens of sculpture by Bell, Pap- 
Vortfa, aod others. 



THE CONSTRUCTION AND RESULTS OP WORKING 
OF THE LARGE STEAM DREDGERS ON THE 
CLYDE.* 

By AsDKEw Ddncam. 
( irifA AVi()>rai.'ntf^.t 

Tdk improvemeuts in the channel of the river Clyde were 
commeoced in 1770, nnder the direction of Mr. Goulhonroe of 
Chester. At that lime the navigable depth to OlntiuMW was only 
3 feet at hi^h-water spring tides, with 1^ feet at low watei-; while 
tlie high-water at neap tides did not reauli Glasgow :it all. The 
river was ctussed by seven fords, one being as far down tha river 
as Dumbuok, about li milea bolow Glasgow, which bad only 
2 feet depth over it at low-water. The first operation seems lo 
luive been the removal of the Dumbuck ford; and nnmeroae oroas 
jetties were afterwards shot out from cither bank, at far up as 
GUkkow, for the purpose of narrowing the ch.innel, their outer 
euils being subsequently connected by parallel dykes. Soon after 
1796 a few ploughs, and a dredging macltine worketl by manual 
labour, were emph>ye<l in ileejiening the slialloweaC places; and 
the result (if those operations was lo enable vessels drawing 6 f««t 
of water to conie up to Glangow at high-water spring tides. 

Hy the introduction of ettenm dredgers upon Ibo Clyde, very 
important iuiprovuiueuta have lieen effected in enlarging the 
channel of the river. In 1824 the limt steam dredging machine 
was obtaineil, which now belongs to the town of Dumlinrton, and 
is at work on the river Leveu ruoniug out from the fool of Ixich 
Lomoud into the Clyde. By that time the LiverpAol traders were 
coming up to Glasgow at high-water spring tides, drawing U feel 
of wattT. (Figs. 7, 8, and 9. Plat* 9, show the depth of the 
channel at three different periods.) In 1831, there were two 
vessels drawing 13 feet; in 1836, six vessels diawing 15 feel; in 
ld:i9, one drawing 17 fe?t: iu lHfi3, two drawing I9feet; in IHtJO, 
eight drawing IU feet; and in 1863, two vessels drawing 31 feet, 
arrivwl at GUsgow, illnstrated by the diagram. Pig. 9, Plate 9. 
The i^i^ter tonnage of the vessels arriving and de|>arting from 
Glasgow now exceeds tliree milltonH annually; and the minimnm 
depth of the river is now not less Uian 12 feet at low-water, with 
a ri«e of 9 feet at average spring tides and 7 feet at neap tides. 
The deepening and widening of the channel is mUII in prugreno, aod 
more powerful machinery is Lo course of construction io order to 
hasten on the work. The depth which is now contemplated 
thronghout the whole length of the rivor np to Glasgow is l.'i feet 
at low-water, giving 24 leet depth of high-water at spring tidea 
and 22 feet at nnip tides. 

As regards the deposit to be removed from the river bed, the 
greater portion of it comes from t)ie ilnunage of the city, all the 
sewers of which discharge into the harbour, where the deposit 
lodges; also a considerable quantity of sand is brought down from 
Ihe upper reaches of the river by the land floods, and lodges 
chiefly above Glasgow bridge. One of the two large double 
dredging machines is kept constantly at work in the liarbour, the 
maintenance of which costs alraut ill,000 annually, and thrw- 
fourtlis of this nmount may be said to be due to city 'sewage. 

The eutii-e dredging plant of the river conststa nf two large 
double dredgers, shown in Plate 8, and throe single drudgera, 
msklng live in all; conn(*cte<l with which there are 3fi0 punts, 
each capable of carryini; 8 cubic yards or 10 tons of material; 
one tug steamer of BO-hunepower; and four screw hop[>er barges, 
each cnpablo of carrying 3ii0 tons, shown in Plate 9, Daring 
the last twenty years, 8, 1 1 i.^T2 cubic yanjs or 10,143,590 tons of 
material have been removed hy di'edgiug; last year's work, endiog 
June lb6*, being 632,272 cubic yards or 790,340 tons. 

The followiog is a general description of one of the large 
<louble dredgers used, '^e Plate S, where Fig. 1 is a longitudinal 
section, Fig. 2 a half plan, aod Fig. 3 a transrcrw section; this U 
called No. 0.) 

Ttie first double dredger, No. I, was constructed in IS5I by 
Messrs. Munloch, Aitken and Co. of Glasgow. The hull is of 
inm, 98^ fe«t long, 31 feet broad, and lOfeet deep, drawing 5 fsei 
of wHter. The engine is a direct-acting marine engine, with 
cylinder 37 inches dinmoter and 3 feet stroke, aod makes about 
33 revolutions pvr minute. The boiler is a flue boiler with 
four furnaces, worked at a pressure of 4 lb. above the atmo- 
sphere, nnd burning about 44 cwt. of coal t>er day of ten hours. 
'Vhe bucket frames are of timber, tmaseal with iron rods, and 
the buckets cna dredge in H^ feet depth of water. The buckets 
are 38 in number tu each well, and each contaios when quits 
* t^jwr read brftm thr lutUutlen vf Uedutnlasl ■ngtsean. 
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fall 3| cable feet. The motion is CDmmtitiie&ted front the eogine 
to the upper tumbler by cast-iron shafting. The tumbler makea 
about 6] tarns per minute, or thirteen buckets pt>r minute; 
but aa the buckets arc never (piite full, ttte quantity lifUd 
when workinj! in ^o<l material is about 10 tons in four minutes, 
or about 2 cubic fe«t per bucket. Taking the year ending Juno 
1604, the total qaanttty of material lifted by thi« dredger waa 
143,300 cubic yards or 179,200 tons; and a« the total number 
of aogine hours was 2483, the average quantity lifted per day of 
ten hours n-ns about 720 tons. 

Tlie material is discharged over the stern of this dredger, 
whioh arrangement was preferred to diMharging at the fliclea, 
inasmuch aa less room is occupied in filling the punta by dis- 
charging over the Atern; but this plan boa the disadvantage of 
cnosing a loss of time while tho punte are being shifted after 
each has been filled. Another disadvantage is that when working 
dnring flood tide in the lower reaches of Lh« river, where the 
current is much ntrouger than in the harbour, the puuts become 
nearly uumanagable, the current forcing theo3 ao hard agaioat 
the stern of the dredger, which is always moored with ite bow 
up-atreani, aa to render the Hlnfling of the punts when 61ted a 
work of considerable labour; so much so in fact, that working on 
the flood tide in the tower reaches of the river was avoided as 
much as possible. 

The cost of this dredger waa XS'iOO. The crew reqaireil to work 
the dredger and pnots oonaisted of eighteen in all — namely, cap- 
tain, mate, engineer, fireman, bow cranera&n, atemmEiu, welloian, 
two deck hands, cook, wattihrnati, and seven men couuected with 
the pant«. The expensed of working during the year ending 
30th June, 1863, were:— 

Wages £9lfi 13 2 

Ctmia 204 10 7 

Slorai 78 II 6 

Total working expenses £111^5 1 2 

and the arernge annool cost of repairs in about .£981). 

The double dredger, No. 6, shown in Plato 8, wan constructed 
in 1B55 by Messrs. Thomas Wiugate and Co. of Glasgow; and 
is arranged ao aa to discharge over the sides, in onler lo obviaie 
the complaints brought ngaiuat the previous dredger vhsu 
working in the lower reaches of the river, for which this oue 
waaprincipally intended and ts generally used. The crew requir<ed 
to work this dmlgor, pxcluaivo of the crows on btmnl the Hcrow 
hopper faargas, ia twelve in all — namely, captain, ougiueer, tirfr- 
man, matCf oook, watchman, and six deck hands. Previous to 
the hopper barffea tieiiig substiLuted for the Hmatl punts, this 
machine required acn^w of twenty-one. Theexjtouaea of working 
dnring the year ending June 1663, the hopper barges being used, 
amounted to : — 

Wages ... £583 1 4 

Coda 171 I e 

Btoras &6 4 6 



ToUl working expensM £82^ 7 4 

Tlie annual average coat of repairs ia about £9S0, being 
considerably more than in the case of No. 1 dredger; for as the 
latter is working in sofl sunpy kludge, the buckets and links 
do not get cnt up bu soon aa if working in sand, as in the cose of 
No. tf. 

The dredger represented by us is built entirely of iron, and is 
I9II feet long and 3:1 feet broad, with a fint bottom aud 6 feet 
draft of water; tlie plates are ^^^ inch thiuk at the bottom and 
A inch at tho sidoa. The two buiterB A A, Figa. 1 and 3, 
Plato tt, fixed in the centre of the resael, are low-pressure 
cylindrical flue builem, 6 feet diameter and Ifi feet long, working 
at 3 lb. pressure above tho atmoapbere; and the coal couaunied 
is about Sj tons per day of ten houra. The engine B in a single 
side-lever condensing engine, with 37 inch cylinder and 3 Teet 
atroke, running at au average epeed of alK>ut 32 revolutions per 
minute, aud driving the tumbler ahufta CV of iLie two bucket 
frames DU at the reduced s[>eed of 6 revolutiona per minute, by 
two Beta of spur gearing ooDsisting of mortioe wheels and cast- 
iron pinions. Either set of bucket* oau be slopped and started 
independently of the other by means of clutch boxes worked by 
levers upon deck, 

Tho power is commonicated to the ttuubler shafla CC tltrough 
friction wheela KE, which aro adjuxted so aa to transmit otuy 
a ilefinite amount of power, and Lo slip round freely whenever the 
rasiatanco exceeds that limit, from the buckeia cutting too deeply 



into the gronnd or meeting with any obstacle; by this meant 
any riak of damage tu the machinery ia prevented. Oop of theaa. 
friction wheels ia shown enlarged in Figa. 4 aud Ti, Plate 9. It ^ 
oonmsta of one ring revolving within another, the inner one P 
being keved upon the shnft, and having a cylindrical receaa of 
rectangular section turned In the circumference, 8^ inches wida, 
and 1 inch deep, in which fit a series of cast-iron aegment blocka 
IX. These are held in recesses in the outer ring O, and aro 
each preaaed against the inner ring by a act screw, adjtuted to 
give the required amount of friction fur driving the iuner ring F^ 
and the gearing connected with iL 

The bucket fi-ames or dre<lging ladders DI), Plate 8, eonaieb ' 
each of a pair of wrought-iron plaio girders, 77 feet long and 
3 f t » in. deep in the centre, fixed parnllol to each other, 
with 2 ru 3 in. sp.<ice between them, and stayed together by 
trauaverae plate alaya. A tranttveriw wction of one half of the 
bucket fnunee is shown in Fig. 6, Plate 0. These frames 
carry a series of cast-iron rollers, upou which the bucket licka 
travel; and a caat-iron tumbler C and U, Fig. 1, at the top 
aud bottom ends, over which the links work. Koch ladder ia 
suspended at the upper end by cast-iron dend-eyea, firmly 
bolted to the main framing of the dredger; through theae dead- 
eyes the upper tumbler shaf^ C passes freely, and round them, 
the ladder turns in being lifted or lowered; thus the uppar 
tnmbler ahaft C does not bear any part of the weight of the 
ladder D. The shaft C is of wrougbt-irou, and works in top 
aud bottom brass bushes in pillow blocks bolted to tho main 
framing of the dredger. Each ladder works in a verttunl well 
K, Figa. 2 and 3, |Hiaaing through the bottom of the veaael. 

There are 41 buckota tu each ladder, oue of which ia ahowu 
separately in Fig. 10, which ia a vertical section and plan of 
the back. The bucketa are couatruoted of -^^ inch wruught- 
iron plates, bent aud rtveilnl, with a flat back ^-inch thick, 
npoo which four wrought-irou burs JJ aie rivetted, having 
eyw at the ends. Thvse are connected together by the two 
iniermediRte Hnka LL, three inches square, and jointed with 
3.^ inch steeled pins, the whole fonuiug a oonttuuous chain, with 
S feet pitch of the links. The pins are prevented from turning 
in the eyea of tho bucket links J, which are not ateeUd, and ' 
the eyes of the Intermediate links L are bushed with steel oa 
tlie wearing aide. In another dredger, No. 7, which ia tha 
moat n>cent construction, the plan ia adopted of iuaerting a 
buali of hard steel ^-inch Uiick into tiiu eyea uf the ainglu liuka 
L, while they are hot; and when worn this buah is driven out 
aud another inserted, so that the eyes of the links do not wear \ 
at all. The mouth nf thn bucket ia made l|-tneh thick at th« . 
point, tapered tu ^ inch at the aldea, aud is faced on the outaida 
with steel ^ inch thick welded on the plate, aF shown by tha 
darker section in Fig. 10; the mouth is shaped in a projecting 
Booop form, for excavating and lifling the material dredged, aa 
each bucket in succession passes under the bottom tumbler H 
of the ladder, figs. 1 and 3. 

The depth of excavation of the bucketa is regulated by 
the lifting chain tl, (Fig. 1, Plate 8.) attached to the lowrr end 
of the bucket frame D, and hoisted at tlie rate of about 26 feet 
per minute by the winiilHoa ur hoisting barrel N, which la 
driven by a bidaII fihafi frijm the engine through a clutch box 
and friction wheel, similar to thoae giving motion to the bucketif, 
anil alari wnrketl by a lever upon deck. The depth uf dredging 
ia coutinu.-UIy gauged during work by a man stationed at tha 
backet well K, holding a gaugitig rod resting on the rivec 
bottom, and having the lifting lever at hand, and also a break, 
handle for lowering the bucket frame, so aa to keep the bucketa 
ooustanlly adjusted to a uniform depth of cut, according to the 
surface of the ground. A selMudicatiog gauge baa aUo been 
titled up on deck, so that the captain by glancing at the position 
of the bucket frame may in au luatant teU at whnt d*«ptu below 
the sur&Lce of the water the puinta of the bucketa are working 
The greatest depth a dredger can work at in about 28 feet. 

The forward motion for the cutting of the buckets is given by 
the bow chain O, Plate S, which is 1 inch diameter, attached to 
a single-ftukeil anchor, weighing }i cwL, placed about 600 feet 
aliead of the dredger wheu at the conimencemout of a cuL Tha ' 
chain ia hauled in with a alow motiiuo by the windlass P, driven 
by a second small shaft from the engine through a clutch box 
and friction wheel, nnd having a »et of change whcela for tha : 
purpose of regulating the rate of advance accnnling to the natnr* ' 
of the material that is being excavated. This rate of advanos | 
\'arieji from about 4^ feet pei* minute in soft aand to 1^ feet per J 
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miDQtn in hnird mat«rUl. The dreHginff i* done in parallel oDla 
of about lit) feel lt!Bg III. A corrmponding wincllnflH with iwo 
mooriug diaina l< nt. the ■tern of Uie veaael, giveH ilie mpnus of 
dntvtug tMck the dredger (o counieDc^ a secood lino of exca- 
vation par<UleL to the former on?; thin windlaM is driven by a 
null btgh-|>r«s«ur« dookey euj^ue, with ar pair of li-tuch 
cyjiaden, tin dredging engine and machinerr titnnding atill 
dnrlog tlie time occupied in going aatern, wliich is about 
15 ninntea, the speed being Hb<Mit H feet per iniDiit?. The two 
•id« warp lines S3, Fig. t, extending frini eAch aide vl the 
dredger, Berre to steady it oonstxtitly litiring tlir. prok^reaa uf each 
eat, and to ahtft it« positinii into the new liae nf excavntiou; 
UwT are worked hy the surging heml^ T T, driven by the 
•ogiae, or by hand power wti^ii reqiiir^il. Thu kfdgi< aiiohon 
iortheae aide warps are placed forw»ni« of the dredger, so that 
the warp linoa nhall br Koiunwhiii tti tlio {Mnition ahnwu in tlio 
phOf Fig. S, when the dtedger i» at the comnienM-nicnt of a eat; 
Ibe warpa are also paaaed ronnd leading blocks when required, 
aince it is desirable they ahould be aa nearly at right angles to 
the dredger aa powible. The two warpa on the side next the 
■ailing cliauoel of the river are lowered nr slacked nut when any 
v-ettefis ptufllag, bat are imniediatoly tightened up again when 
tfae vetaei baa pasaed. 

The dredger Nu. 6. haa now been at work for nine years, and 

haa not required any repairs exo>ptiDg for the wear and tear of 

the backets, links, and rollers, and the nsusl repaira ou the hull, 

4c The upper tumbler however, having been foand too low to 

allow of tbc slioot being placed at a nnthcient hvighl and slope 

for loading the large screw hupp<^r barges, waa mised 8^ feet 

higher, "nic atcetud mouths of the buckets hut for the year's 

work of about nine tuoutlis, when the buckete require to be 

thoroughly overhauled and put in repair. The pins and links of 

the bucket chains Inst generally abfjut four muntha, and arc 

I repUced from lime to time as reqnircd; a supply of duplicates 

^ being kept ready on board for the purpose. The rollers over 

which the buckets travel in aaoending the dredging Isdder Are 

of east-iron, I inch thick in the biirrel, with wrought-iron 

'apibdles, having 1^ inch journals laid with steel, which liuts 

iatwat three months before being worn out; these run in small 

I cast-iron stepe with hard wood cap^ii, fixed nn the lop tl-inge of 

I the ladder, which are readily renewed wheu woru out, the cast- 

ifon buah lasting about two men tint, and the wood cap about 

Bine BOtttba. Rach bucket weighs 5^ cwt., and the total weight 

of ewA aet of bucketa and links ia about 7^ cwt. The cubic con- 

\ tent of eiich bucket ia 3| cubic feet, and the avenige quantity of 

material brought up bv each when working in wind is ationt 

Seiibie feeL The number of buckets diaohai-ged per minute is 

13 k> 14, nt the regular speed of about 6^ revolutions per miutiK 

of the tumbler shaft. 

The total quantity of material raiaed per day of ten working 

; boon varies very much according; to the nature of the material 

dr«dged. Where the dredger No. 8 la at proseut working, about 

11 mile below the river Leven, the rate of working is 1.^0 tons 

per hour of the engine; while in hard ground the qunutity may 

parhaps be ouly one half uf this. Taking the entire work per- 

rnriDBd by this maotiiue during last ycat, namely 303,907 toua iu 

t M60 honn, the aveci^ work for n day of teu engine hours is 

1134 tons, or 113^ tons per hour. The UiIaI qiuiulity of ninterial 

> lifted by the two l»rge dredging machines Noa. i and 6 during 

I the year ending 30th June, IH(J4, iimounta to 386,7-'>j cubic yards, 

[ of which about if5U,0(K> cubic yards may be oonsidered as due to 

I maintenanoe, and tbe remainder to the pennaneut widening and 

deepening of tbe channel. 

The coat of dr^ging per cubic yard, taking tbc year ending 
30th June, 1863, as peitormed by No. I dredger, was as follows, 
tbe dredged material being conveyed away by the punts; — 
Wages, ooala, stnns, r«pain, and S par csut. iaterost 802 pince. 

Bapaira of ponU ISO „ 

Towing ponU to and from place of deposit ... i'tn „ 
Diaobarginy punts by wa^uui 13'29 „ 

Total C'Kd '>( drclgiiyj per cahio yard ... 19'18 „ 

Tbe eost of dredging aa performed by No. 6 di*)*dgrr during 
tli« aame period, with the screw hopper bargee fur carrying away 
the aaaterial, was na follows: — 

Wwes, coids, ttona, npairw, and 5 per oent. ioterest 4 00 pence. 
Diacoarging by Lopper barges — ) n.«g 

Wagu, cu&k, sluna, repairs, and interest j " " 

Total oDit of dredging per cubic yard .. . 4'M „ 



During this year No. 6 dredger was working near tbe two 
oxlrenie ends i)f the river; and as during one half of the lime 
it WAS attende>) by only two hopper bargee in place nf four, for 
discharging the materiiil, much time was neceiwarily lost. Tbia 
had since been rectified by tbe construction of additional hai^i^ea. 

The dreilged materinl in disposed of ncconling to two diSereot 
modes. That filled into the l<)<U>n puuta is ttiwed d<iwn to some 
convenient part of the river, and discharged by b:irrow« ur wagona 
ou to the hnnkfl or field adjoiuiDg. That put into the screw 
hopper bargea, (shown in Fig. 10, by a longitudinal aection, 
Fig. 1 1, and trausverse section, Plate 1>) is cnrrietl down to Loch 
I^iog, Iwyond the mouth of the (.Uyde. and defHinited by opening 
llie hopper doors U, at the Itotumi nf the carrying space W, as 
ahowed by the dotted lines iu ftate 0. At the place where thQ 
dei>osit is made, the water is upwards of SOU feet deep, and the 
mouth of the loch ia a)>out 27 miles below Glasgow; tlie liupper 
barges at present at work eonUiii each 300 Itma nrdrwlgiiigs, and 
8t«ara from d to 9 miles per hour. This latter is by far the most 
ecouumicul mode of disposing of the di^Iged material, aa aeen by 
the above statement of the oist by the two methods; and the 
reoult has been su satinfactory Uiat two additional bargee are now 
lieiug constructed, each to lie caiuible of carrying 400 toon, 
making six baru^s iu all. Fig. 1;!, Plate 0, shows tfae hopper 
barge beiiig filled by the spnot V from the dredger. 

In roucTusiou, it may be mentioned that a larger and more 
imwerful single dredger, shown by the accompanying model, is 
now being conatrncc^ for the Clyde Trust by Messrs. A. and 
J. IngUs, of Glasgow. The diraensiom of this dredger will be: 
extreme leitgth IJ^? feet, extreme breadih midfeet, depth 10ft9in. 
and ai)>able of working in upwards of 30 feet depth of water. 
The engiua will be horizon t.il, with cylinder 4-1 inches diameter and 
ndapted for a 3-feet stroke: ibe boiler wit I be tubular and capable of 
working to 25 lb. pressure per square iuch above the atmosphere. 
The bucketa will be 39 in number, dinchargiug over the side; the 
pitch uf the bucket clmin will he 30 inulioa, auti each bucket when 
full will coutaiu 13^ cubic feet The Gai bucket buck with tlie 
double links will be made of malleable cast-iron, with the links 
cast solid upon it: thto omut ruction has been found to last without 
requiring re)tair for more than double the time of the onlinary 
backs with rivetted links, shown iu Plate 9. The bucket roUoni 
will not require spindles, as they wilt have necks cast ou the 
ondfl of the roUei-a, which will answer for the spindles. Tbe 
lower tnmbler ebaft will be of wroughtriron, having strong rings 
or hoope at the jonmaU, ao that when woru the hoops can w 
easily removed and replaced. The only other <liiTerence of any 
consefiuence froui the present dredgers will be in using grooved 
frictioital gearing for drivtug the hoisting barrel that lifts the 
dredging ladder, instead uf spur gearing with a friction wheel aa 
previously described. The total cost of the dredger will be about 
jC 17,000. 



In the discusaion upon tlie paper- 
Mr. W. StuuKS aaid he had built the screw hopper luirges tliat 
were used in connection with the Clyde dredgers, and it was only 
withiu the last two years that they had been adopted : previously 
arjO of the square puuta had been required to carry away the 
dredged lunlerial, but four of the barges now did the work of 
the 120 puuta formerly attending one dredger. Each barge 
earned 3(io tons, and was 120 feet long, 24 feet beam, and drew 
8^ feet of water when loaded; the engine was 40 borne power, 
with 21 inches stroke, driving a acrew 7 feet diameter, and the 
speed was the same whether loaded or empty, amounting to 
9 miles per hour. The Clyde trustees contemplated aboliabiug the 
old pun ta altogether, and employing only the screw hopper bargee 
for removing tbe material dredged. The bjirgea were loaded in 
about 70 uiuaiea, and ran down the river and up Loch Long, to 
a distance of about .'jOmihu from QIasgow, where tbe whole ofihe 
dredged material was discharged through the flap doors in the 
bottom. Hyiraulio gearing was used to cloae and open the 
bottom flap docini in two uf the barges, and in the otliem a com- 
mon witidlaas had been applied, which had been found to work 
better. The total expenses of working the dredgers and bargee 
were about £i G«. per day, inctudiug wages, fuel, oil, and tallow: 
and the result of employing the screw hopper barges had been to 
reduce the cost of dred^'ing from about U. per ton uf materi.il 
when the punts were useil, to only id. per ton with the bargee, 
making a saving of between .£10,(KXI and .£20,iK)0 per annum. 
By thu system of dreJgiug it might indeed be possible, he 
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tlionglit, to form ah tnlnud town into n ««iiport( Rticli u Preatnn, 
Lanouter, MaDclie«t«r, or Parifl, wliere tliei*«> \ruB nlrenily nu out- 
let into the sea fur curryiug away the dredged iu:iierinl; nil that 
Wild r*Mjoired would be dredgers jvrid bnrges of snfticicnt ixiwer 
Mid cjipacity for tfioquftiiLity of work lobe donp, since liiuduiiblo 
dred^t-rs now »t work \n the Clyde misted each about 1 1 00 u>na 
|'e»- diiy ill regulnr ct'nLinu<j»w wi»rk, tia xlaleil iu the pii[>er. 
About the yeitr Idun, wbeo the depth of the river at Gliwgow 
wns only about 3 feet at high water, tlicaiinnnj revenue from 
Bbi|js coining u\} the Clyde wiutonly £'Xi-2^); btit iu \^i!j, whvn the 
river liHii been iitf*tpeued by dredging to 12 feet, allowing vphspIs 
of .'UHJ tonn btii-chen to come □(>, the revt^iiue liad incrcaitod to 
:£a(>(iO; wiiile in lf363, with the depth iucrmsed to 22 fei*t nt 
liig!i water, the revoniiu amouotcd tu XUft,fiOii, and the river 
WflH deep eaough to flont the "Black Prince" nrtnour-pbitud 
f>i(Jtato of flOOO tons burthen, built by the Preaideut, the largest 
•hip Chat had yot beuti iKunchcd in the Clyde. 

The pRBStDKNT inquired how long it took to discharge the 
hopper barge« through the boitum flap doorg, and how the doors 
were arrauged to be opeuetl. 

M^r. W. SiMOH.4 replii>d thnt only 4 or G inianles were required 
I* disch.-irge the wliule 3(10 or 3-JO toua of mnteritd carried by the 
hopfwr hrtrge. There were twelve donrs, or mx pikir at the lioUiini, 
lltliged to thfl iron fai>p|ii>r, and lined inside with timber: and tlie 
doors were let down for diMnharifiiig by rfiUasiug the dmioB that 
held thoru np while the hopper wats full. The chAiiiB pasiiied over 
pulleys ill the longitndiual iroo girder which etteoded over the 
hopper from eod to end. The barges were rot confined to Loch 
Lxmg in particular for tlDpintiting tlie niateriiilf but ntiglit go to a 
ipvater distance from tilangt^tw if oeceMary. I^K.'h L^ng bad 
ooeo chosen becau^ it was the deefwst part of tho channel near 
Glasgow, the depth beiut about "^Oi) feet over a couaiderable pcr- 
tjnn (if the loch, uud the mittenol ooald lie depfwjted at uny 
|Nirt of the loch. 

Mr. W. I'L Nf-wton rfiniirked that A dretlging niMchJDn on a 
diflerent principle had becu uwA very sacceiMfitlty iu diff«'i-eut 

Carls of the United Slaies for UJinv yenrs, coni'iRting of a lui^ 
ucket rtied at the end of a lung lever worked by cliains; llie 
bucket wxs lowered ;iiid dragged along the river Im-iioiu to till it, 
and wns tlien lifleit by the lever, and swung round horizontally 
to the re<juirod position for disclntrging the stuff, which w.is let 
fall through a door in tlie bottom of the bucket into the barge 
beneath, The bucket rMiseil about iB cidiic feet of soil at each 
stroke on an average. That ap|>e!ii-ed tn him a simpler contriv- 
ance tlinn tho drcilging machines ordinniily used in this oouulry, 
such aw those describwi in the prewnt paper; it w;»h at any rate 
macb Ii*'M expensive, and allowed of HwiuK'ng the bucket round 
into any iKisilion requirtnl for discbargiDg iulo the hai-ge, whereas 
with tlie oiiliual-y dredging niacliiue>i tlie b.irge had to ne brought 
to a particular place fur receiving the st-iifffrfiu lh« «)>ont of the 
dredger. The gearing for working tlio lever w«s driven by a 
aelf-scting friction clutch, somewhat similar to that di-sciioe-l 
in the pftprr, except that in the American machine the inner or 
driving pulley was sutrounded by a bridle provided with friction 
hinrks, which were iiKbtene<) against the pulley when muuiug 
fiirwarda, but alnckeued in ruiuitng bsckwanls; so that tlie 
dutch simply hfld on iu working, and wns not limited to 
■lip when the rehiHtsnce excevdetl h certain auinnnt, but 
would trnuflmit the whole power of the driving machinery, 
its only pnrpn«e being to svoid breaknge from sudden jerks 
aud to release iti<elf for running linckwai-ds. He had seen a 
macliiue on tl-at principle, kuown as tho " Am^ritsiu excnvaior," 
used experimentally some yesra ago ou the Eastern Counties 
Railway in the neighbourhood of Breiitwimd, for exc:»%-»linc a 
cutting, aud sit the gearing in it w»h worked with friction clutches 
of the sanre kind. Tliat tlpMcriptjoi) of clutch waa iiulee'l much 
lued iu America for nil sorts of nischinery, nod was found very 
ecnnomiciUandefrcutive in preventing breakages, by allowing the 
paring U.\ yielit under any undue sti-aiu. He limi never known 
It fail in tntUHUiittiDg the full driving power, aud thought it 
would have sunie advanuge over the frictioa wheel described 
m the pa[«t*. 

Mr. H. MiinJELAT inquired whether the friction wheel in the 
dredger described in the p«per »a* lound effeclUKl in work, bv 
always slippio); wbeuevfr the biu.-ieL;' oiiue into too hnrd grouud, 
or look too deep a scoop iutu tlie s^jil, or met with any other 
obstrucliou, 



The SecRBTAiiT toad he bad seen the dredger at work in the 
Clyde, aud the friction wheel was found ii\ answer its purpose 
thoroughly. The screws of the friction blocks were adjusted 
origintilly to the pressure required for the ordinary working, and 
then continued utmlteroi, without requiring any further attention 
iu working. He had seen the bucketframe h>wered slightly below 
the [proper v.urkiiig position, cnusiug the buckets to bite gradually 
deeper iu the bed uf the river, until the resislaoce was just sulTideul 
to uvercoiue the friotioD of the blocks, wheu the buckets stopped 
'white the driving pulley or ring couttuued to revolve outside the 
friction whpel; but im alnwly raising the bucket fmioe agaiu, the 
friction wheel gmiln^lly started again as the reaistatioediuiiuiahedi 
and tlie whole worked with complete smootbuess and readiness, 
The engineer working the dredger stated that tho friction wheel 
had givi»u no trouble, aud there hml not been any ditficulty in 
keeping it ailjuated exactly to thu point desired for working. The 
some kiud of friction clutch was aUo applied to the lifting gearing 
by which the eud of the b\icket frnme was raised aud towered; so 
thnl all portious of the muohiuery were started and stopped 
quite gradually, the friction gear being continually called into 
action to meet the Irregulnri ties in the level and material of the bed 
of the river, aud preveut any stntiuing of the machinery. 

Mr. J, SiiiiriiKCO asked wliclher the material raised by the 
dreilgers was used for agricultnml purposes, as a manure, and 
whether it had any couiiuercial value for such purposes, since il 
appeared the sewage of Ghutguw was all discharged iuto the Clyde, 
aud would therefore be deposited in the bed of the river. 

The Presi<leut replied that the quiiotity of sowsge matter 
depoaited iu the river bed formed so veiy small a pro{iartiou of 
the quHUlity of tlie mtu^^rial rnised by the dredgers, tliat it hod 
never been tlioiight tu apply it as a manure, and it had no com- 
mercial value for such a purpose. In I-eferenl:^e to the Amerioan 
dredger that had been referred to, a somewhat similar apparatus 
was oocnsioDslly used on the Clyde at the present time iu dredgina 
alongiddtt the wharfs iu the bftrbour, consisting of a rake or ' 
pli>ugb fixed r>u the end of a long pole, which was worked 
from the bftuk hy a number ef men, or from a pant on 
the river, and wms moved along the adga of the wliarfs, for 
clearing out tlie material trom the face of the quay and re- 
moving it wjtiitu reach of the dre«lger, iu cuses where the dredger 
cuuld nut bo convcnietilly worltetl close alougHidu. 

Mr. J. J. BiKCKKL observed that the depth of 13 feet at low 
wnter iu the Clyde ut (.ilnsgow, and 2i feet nt high water, would 
give a tidal fall of only feet; and he inquired whether that wns 
the actual tidal fsll at Glasgow, since at Liverpool, ou the samft 
coast, the tidal full was as much as it ieeu fie asked ala<Ki 
whether there was not a risk of some pr>riioD of the material 
deposited in Li>ch I^ing being brought bitck into the river by the 
tides, on the lucli wiu so ulo4« to the mouth of the Clyde; iu the 
cftse of the Mersey ixo deposit was nllawed to bo made at any part 
of tho approaches to the river, for four of iuterferiug with tlie 
channel. 

The I'RRStDByr explained that there were so zuany arms of th« 
sea to fill, nesr the mouth of the Clyde, and so muuy bends in 
the nver it-self, that the tidal w;ive did not come up to Glasgow 
in the Hame quantity ivt in thu Mi^rsey; aud the rise and £ill at 
Glasgow avemgeii thei-efnix* from 7 to ft feet only, very aeldoin 
more. Loch I»ug was a blind arm of the sen, with no outlet at 
the further eud, and n<> usvigation through it, and there was verjs 
little tide iu It; and us it was about ^00 feet deep where the 
barges were disrhnigett, there did not nppeor any pndjAldlity of 
imy portion of the deposit being carried back by the tide. 
Prom the paper that liad t>een read it was obvious that ths 
ilre-lgTiig mAcliines employed in the Clyde had been productive 
v{ very remitrkable advantages to Glasgow. From a dopth of 
water of only about 3 feet at the begiuiug of the present cejitury, 
the river bed hsd now been deepened to about 2^ feet at Gl|8goir { 
at high wuter, within the s[iace of about t>3 years. But \n was] 
sIuL-e the introduction of siciiui uavigiition into the Clyde •ibafcl 
the greatest part of this inipruveiuenl had taken place. ^•1 
sleaui lugs drawing ves.sets uu and down the river first led tn'^lM 
mpid deepening of the bed oy dredging; and tlieu the incr*"" 
of revenue arising fnun the larger burthen of the vessels trad| 
to Glasgow atforJeit the means of tucreasod expenditure u( 
thedrnlgtug operations; thus both the depth of the river 
thu advoutsges to the city went on increasing simultaneously.' 
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ON MAIIINE ENGINES FROM ISfil TO THE 
PBE3ENT TIME* 
B7 K. P. Bdboh. 
Tbb hietorr of the origin of the marine ongioe, and iU slow 
advaucc, hu beea m> often writteii, tbat 1 f«el assut-etl 1 aliall not 
Cftiuemuch dia&ppoioUnent if I pass over that already n*orii-out 
subject. I propoBe, therefore, to iutro<luc« to your notice the 
mariDH eu^oe as it was in 1851, and the iniprovemeDts which 
have Ukeii pUce from that period to the present lime. As the 
present paper alluilea to the year \tiAl, it will not bu deemed out 
of place to describe brieBy (be marine engtiiaa shown iu the 
Eihibitiou of that date, the screw propeller was then making 
btit hIow pro^reM, coiise<]ueutly the attention of our engineers 
was divifiied from straining their talents to prodnce more perfect 
amng«'itteDta. The following examples of murine engines were 
e^ibited. 

For the jwul die- wheal, the pugiues were arranged as follows : — 
vertical, luigular or iuclinetl, direct-acting, and oscitlating; for 
the acrew-propeller, a more varied and numerous collection was 
given, comprising disc, rotary; for borizoutal dirtfct-acting types 
were the foUowiug, double piston-rod, return coui^ecUng-rod, 
truuk; oiler which, annular cylinder, rertical direct-acting, 
iuciined direct-acting, aiugte piston-rod; and lastly, a beant 
engine The largest pair of engines were 700 horae-power col- 
I leetiT«ly, hon»>uutl, direct-acting, single piston-rod. The trunk 
. Migiaes wtre 60 horse-power collectively; these two exaniplot 
were sdapted for the sctew. For pad<lle-wlieoU, the engines of 
the greatest power were a pair of 140 horsepower, of Belgian 
repute, the frnmiog and paddle-cciilres being of wrought-irou, 
thns ensuring sufhcieut strength with a reduction of materiul and 
weiehu To doHcnbe each engine iu deUiil would be tedious, as 
well as of little value to the engineer of the present day. AllDalon 
to the defects and improvements will bo found under the different 
dMcripttniut cif the necessary appendages. 

I will now proceed with a brief notice of the marine engines 
eihibited in the year 1B62, when it will he seen that a great 
improvement had taken place between the two dates alluded to. 
We are, I am happy to state, still making an advance, aud I trust 
to be able, in the course of this paper, to describe these improve- 
iDents: but, at ttie same time, I beg to suggest that there is 
plenty of mom fur further improvement iu tne detail of marine 
engines, which, doubtless, will he ere long taken into couHidera- 
tion by thoee interested in these matters. 

In the year 1662, the International Exhibition was again held, 
and with much sucoesa as &r as regards marine engines. The 
oLua exhibited showed a great improvement, iMth in design and 
amanmeot. The oscillating engines adapted for the paddle- 
wliMTdid not exhibit much alteration, although it eaonot bat be 
e&iil that in detail a change for the letter was perceptible. With 
reference to the engine adapted for the acrew, a complete rero- 
lalioa had token place since the Exhibition of \K>1. Valvee 
sad gear were altered, starting gear simplified: positions of con- 
densers, air pumps und valves, in a much more correct state; 
number of details lessened; and, in fact, the entire arrangement 
fast approaching to a nearer atnte of perfection, viz., accessibility 
to all the parts lo action without disaiTaogement. The following 
ia a brief aooonnt of the writer's observation of the class of 
marine engineit e^tliibited; — The pa<hlle-engtne8 were vertical 
and inctluftcl, oscillating, of the or<lin»ry type and arrangement. 
The valve gear was of two kinds; th» counter- halaneed eccentric, 
and the ordinary link motion. Tlie air pumps woro worked by 
eeorntrics in some instances, and in others by cranks. The mode 
of stAtting was by the ordinary ratchet or wtmel and pinion; the 
bilge and feed pumps were in snme eases worked by the oecilln- 
tioo of the cyliiidar, and in others by separate eccentrics. The 
means fnr disconnecting wore nf the disc and the dntg-link kinds. 
Paddle-wheeU wen* exhibited wilh lixed and feathering flnats. 
Fits exAOiplea of oscillating engines were exhibited, inclnding 
motlels and drawings. The engiuee for the screw propeller were 
as foUowa : — On** pair of double trunk engines, having injection 
oondentHTff, with an improved arrangement of air-pamps and 
Tolres. Tlie double piston-rod return connecting-rod type was 
well represented: this arrangement is used on account of thegi-ent 
length of stroke aud connecting-rod attainable iu a given »|>ace, 
lo the Exhibition now allndcd to there were six pairs of engines 
of this dass, with injection coadeusertf and nir-pamt»s of the 

* P^m raad before the SocMj at AtU. 



ordiiuTy arrangement, and ons pair of ongtoea with tbs improved 
arrangemout of condensers, pnmpa, and valves. The single pis- 
ton type of engine wm oot largely represented; one psir with the 
improved injection condenser, pumps, and valves, and one with 
those of tho ordinary kind. The single tmnk arrangement was 
represented by one p&ir, with single-acting trunk air-pumps in 
the condensers. The air-pomp truuk with double piston-rods 
return connecting-rod eugine waa shown by drawings only. 
Vertical direct-acting engines were represented thus~-ODe pair 
with annular cylinders, double piston-rods, and injection con- 
densers of the ordinary kind; one pair with siogli^ piston-rods 
and surface eondensers; and another pair as the last, u ith ordinary 
condensers. 

It will be understood that Iu the previous examples Che cylin- 
ders were arranged in pairs, the cranks being at right angles. 
In order to obviate the strains imposed at the extremity of each 
stroke, one firm exhibited engioes with three cylinders, with B|mr 
gearing for reversing, stopping, &c, which were termed the 
expansive and economical principle. Lastly, I allnda to the 
writer's invention "Burgh and Cowan'o pnteni antifriction trunk 
engine," so arranged, that the friction of the trunks is dispensed 
with, and no area lost in the cylinder. Tliis arrangement wjis 
represented by a jiair of engines and drawings. Having tbaa 
bricBy atlixlcd to the marine eugiiien exhibited in the two Inter- 
uaiinunl Exhibitions of 18S1 and }862, I will now proceed to 
give a detailed description of each [lortiou. 

The amiugement of marine engineti in the hold of the ship is, 
perhnps, nut yenerslly thought to be of so much importance as 
It really is. It should be stricity unilerHtood that the attention 
requirwl for engioes of river steamers bears no comparison with 
that rtnnired lor marine engines; imagine a ship iu a gale, anil 
lieate<l beHringa, and a faint idea can be formed of the duties 
required, and the reason for a free aoosss to all the working 
parts. 

For the purpose of illustration to those readers who are not 
profeH-iionui engineers, I will briefly opecify what the nesessary 
component pnrt« of a pair of marine engines of the prsseot day 
consist of— viz., cylinders, pistons, slide valves, piston rods, slide 
casings, expansion valves, blow-thriMigh valves, piston rod 
guides, connecting rods, crosH-hcadii, main frames, crank-shaft, 
eccentrics, rodM, links, valve rods, guides, condensers, sir-pumps 
and valves, injection valves, shifting valves, discharge valvot, 
bilge and feed pumps, valves for the same, starting gear and 
turning gear, lubricators, and all ihs necessary levers, bolts, 
outs, &c. It will thus bo seen that marine engineers have more 
difficulties to contend with than is generally known. To under- 
stand the Qse and real character of each of the abcre details is 
not the work of weeks or months, but years. It should not be 
forgotten either, tbat the honour of our nation, and the lives of 
its i-epresentatives, ore oflen in the hands of the marine engineer. 
I will now proceed with the descriptive illustration of details, 
ithowing defects, improvements, and soggescions for ths future, 
commencing with nlids valves. 

Those valves govern tho entree and exhanst of the stsjun to 
and from the cylinders. Tvo kinds or classes of valves are now 
universally used, the common and the equilibrium; the former is 
so well known that a deiicriptiun of it is Acarct>ly necessary. I 
will only observe that its uae for larger engines is much on the 
decrease, on account of the stroke of the valve being due to its 
outside lap, which for targe ports is considerable. Equilibriom 
valves are so cnlled from tiie equal action of tlie ateata tending 
to lift the valve from, as well as to press it on its facing. These 
valves are double-ported to reiluce the stroke. One firm hfls 
lately introduced three-ported vnlves, to still further reduce the 
stroke. In order to re<luee the friction of the valves on the 
fadaga, rings are nsed encircling the body of thti valve, adjtist- 
meut being gained by screwf, ratchets, and springs to prevent 
looseness. In some coses a communication from the back of the 
vnlve to the oondenser is arranged, to still further reduce the 
preiware on tho valve facing. Slide rods are usually one to each 
vnlve, but latterly two have been iutiYKlucerl for lar^ valves, 
which no doubt greatly assist in guiding ths valve during its 
action. 

Till) next portion in rotation will be that for working, reversing, 
aud slopping the action of the Hlide valve, uuivprsatly known as 
the "valve-link motion." The date of the origin of ihia motion 
is doubtful. Mr. Zerah Colburn, in his new work on locomotive 
engineering, tells us, however, that IH'Si is the earliest period of 
its applicatiou for locomotives. Marine engineers introduosd it 
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firntly for oiicillaliag' p«(l< He •wheel eogn'u^! af^erward.i for fixed, 
hortzniital, Aud vt-rLical enc'inos acUpleci for tlii* acrow proiieller. 
The ubject of the liuk mutioti i^ to revome thv actiou of the slide 
valve withoat tlisoonncctiou. The links novr in use are of two 
kinds, slotted and w:>liii. The slotted link has the nitdinp; block 
witUin it, whertuu that of the nolid kind bIicIim within the block. 
Themeaiu adopted for raiaiug and lowering the link are various. 
One maker prefers to osc a lever, socared on a w«>ii;h -shaft, pass- 
ing over the front part of the oyliDders, motion Iwin^ given by 
a wortu nud wheel, the former being keyed on or forming i>nrt of 
the Btartiu^ wheel :ihnfl. Another firm rleenis it better to Impart 
motion to Uic lever by a ratchet and pinions. A ililnl authority 
raises and lowers the link by a rod connected to a block surround- 
ing a coarwjly-pitched screw, uiolioa being given to the screw by 
milre gearing; whiUt another firm prefem to fix the block, wiUi 
tha screw to be elevated and lowered. These two last are nu- 
doabt«dly the most powerful of the examples given. 

The systeniH at present adopted for irtiiaicg the tliile valve rml 
are of three kinds. First, the dove-tailed guide, similar to that 
used by tool-makers for the arm of a shapiug machine. Secondly^ 
a block of gun metal slidiug on two fixed turned rods as gnidea 
over and under the valve roi. Thitdly, the valve rod secured to 
a square bar. working in a bracket, and cap to correspond. 
This last may be said tn be the most simple, but perhaps not so 
rigid as the first uxampie. The double guides are coinplicatwl, 
but at the same time produoe the rigid resistance to the stmins 
impOMd on the valve rod by the vibration of the link. 

Some makers uf marine engines prefer to allow the link to rest 
or hang on the block pin, inserted in the lever of the nlkle rod 
weigh-shuft. Such a praciioe dispenses with ifuideA. Excessive 
vibration of the link on or in its block grent)y deteriorates the 
action of the vnlve, it being understood t£at, whilst the link bas 
an ascending or dosoeoiling motinn, as well as Htidin^, the strain 
on the vaU'e rod is increased, nud at the same time the stroke is 
aflect«d. The excess of the vibratory motion i« painfidly percepti- 
ble iu the or<liu.-try slotted link; the eccentric rods being con- 
nected beyond the block piu, a direct action canuot euHue. The 
distance between the ceulr«s of the eccentric rotlii and block 
regulates the amount of indirect action. Links of this kind are 
often hung from a rod connected in the centre to the link, either 
to the clip or at the back. This U far better than at the lower 
end, as the coQuection of the snspension rml regulates the ascend- 
ing and descending motion of the link whilst at work. The liuk 
resting on the block, when for going ahead, obviates to a certain 
extent some of the evils alluded to. The gain by the introdnc- 
tion of the solid link, with the eccentric rods connected at its 
extremities, is sirungth with less materlid, but the vibrating 
uotiou is not decreased. In ortler to obtain a more direct, ana 
if possible a perfect action, tlie eccentric mJs hf»ve been secured 
to the link, au that the centre of cjnneoLioD may V« on that of 
the block, and by this the vibratory motion in eiiecltmity got rid 
at There have been two distinct modes for accomjdishing this, 
which I have had the opportunity of observing. Tlie first 
example is, two solid links, one on each side of tho block, the 
eccentric rods Iwin;^' connectfd -to pins on the outer face of each 
link, the Inner fuce and sides being sustained in a groove in the 
block, wbiuh oscillates on iUaxis in the eye of the valve rod, the 
links bciu;^ one on each side. The aeooud example Is like the 
first iu principle, hut mie solid Hnk ouly is used, of a dove-tailed 
form in seoLion at lliu inner face, to pi'event the link from slipping 
out of the groove iu the inner block; the eii-^antria pins xn) lixt^i 
iu the extremities of the link, and the rods are attnchorl as in the 
lost example, but with a single eye. The writer has designed a 
solid link and connection, which, although nut superinr in prin- 
ciple of action to the two last examples, is more simple in con- 
struction, and has less working portions; therefore it may be held 
to be worthy of introduction. A solid bar of iron is slotted at 
each end, to receive the single eye of each ecointric rod, so that 
tho entire surface of tlie liuk remains unbroken; it is secured in 
a block with an adjusting fwrtiun and key at the back, the front 
being open »uthciently to admit of the ascent and descent of the 
eooenlric rr>b; iuljnstiuent in front can be attained by loose por- 
tions an<l Act-tii'-rewH, bnt this last is not imperative, as tho wear 
of the link and block is very slight when the acting eeoentric rotl 
is on the centre of the block; tho block has provisions on each 
side for Funpension, the valve rod having portions formed to 
ncuive the block; t]i« K-ick p-^rt nt the rod works in a dove-laited 
guule of the ordinary kind. 

It now becomes necessary to treat of the suapeuaton or liAing 



rods for solid links; for this a fow words will snffioe. As the 
ascent and descent of the link whilst iu motion are governed by 
the length and poeitiou of the rod, it is ulmoiit needless to stnt« 
that the suspension rod should be connected iu the centre of tho 
connection of the eccentric rod. The liuk, when for going a-hea<1, 
should be down. It may now be argued that the vihrntiiui of 
the liuk, when for going astern, must be excessive. GrautwJ ; but 
as the forward motion of the Rlilp is of the most importaiJC«, it 
is not unfavourable to economy to adopt the connection alluded 
to. In some cases the solid link ts gnideil at the top or bottom, 
but thia iu only required when an overhanging or outside con- 
nection of tho eccentric rods is resorted to. 

Tlie next portion for consideration is the expansion valve and 
gear; the uae of this valve is to allow the steam to be cut off i 
the early or given part of the stroke of the piston, and tha 
expansion or eloaticity of tho steam completes the power requii-ed 
Now itisocrUiri the use ofhigh-preasnre steam for large cylinder 
and aliort strokes, prodnoes excessive shocks at the e<^mmence- 
ment of the Mlrukea auj thereby entails an iucrease of xtreugth 
in tho materials used, so that the proportions are larger than 
for ordinary purposes. It is clt^ar uJao that, when steam te 
admitted at an exoessive pressure against the piston suddeulyt i%« 
(the piston) receives an impetus equivalent to the power imposed];' 
and in no case whatever could au engine of proportions for low-i 
pressure resist the strains iinposeil bv the use of high-pi-essnr 
steam. The ordinary pi-esaure adopted by marine cnginoera 
from 20 to 30 lb. per square iucli, more often the former tlumJ 
the latter. I am not aware, however, of any cause why GO 
80 lb. should not be ndopteil, with a gri'at inci'ease of econoDt 
and )iowcr. Of course tho present proportions of engiuoa and 
boilerR would have to bo increased if the same materials wero 
usetl, but' steel boilera, shaftx, aud rods might be introduced with 
considerable advantage, embracing grvat strength with Je 
weight. 

Uaving alluded tn the oi-dinary pressures at preaent used, it 
will be Well now to advert to the expansion valvea These valvea 
are of three kinds, tbi-oille, slide, aud tubular. 

The motions imp-irted tu tha tlirt>ttle valve are oscillating and 
revolving, the latter is now most generally adopted, but with thig 
disadvautnge, that the action is etjuid both for supplying and 
cutting oS. 

The elide v-ilves are of tha ordinary and gridiron type, the 
latter may be said to lie the better, on aocouut of the stroke being 
so short iu comparison to that of tlic foi-mor. 

Tubular valves are tubes inserted in each other, with ports to 
corresjmnd, a sliding or rotary motion accomplishing the desired 
effect. The motions imported to these Ht-veral valves are generally 
uniform, olthcr by uiilrc gearing or eccentrics, consequently the 
action of the valves is not perfect. The proper motion for aa 
expansion valve is to open gradually and dose suddt-nly; to4 
obcain this the old but correctly working cam must be reeor 
to; this useful arrangement is tuo often discarded to make pliico fori 
newer but less correct prcniuctions. It may of course be urgedf 
that tho cam Is nolappUcable forhigh vulocitics, but undoubtedly 
its oso might be attained by introducing stitf gear and perfect 
equilibrium double-l>eal valves; by dividing this valve centrally 
a more correct action can In: attained, in relation to that of the 
ateam, oa the valve wiiiUt closeil aud open. The merits and 
demerits of the exiwnsion valves here alluded to are almost equal. 
The onlrnary throttle- valve has less friction than any yet ill*, 
troduiwd, but it poesesaes che great evil of throttling the steoml 
when closing; also when this valve is worked by levers, or h&st 
vibratory motion, should Ihe stmke he lessened, the full area < 
not be altaiue<t. The last evil ia dispensed with in the remaixiin 
e.xample. aa the ports or upeniugs are much larger than requir 
when the valve is at full stroke, and not too small when the leaaVJ| 
motion is given. The friction of the gridiron valve i> 
perhaps in exoesa of the other examples, as iu tho case of the 
tubular valves the action of the steaui is neutralised. The meaiM'^ 
adopted for altering the grades of ex[>ansion valves whilst 
motion are various. A spiral motion is the one aniversally 
adopted, and there is not the lett.sc doubt it is correct. 

I will now call attention to the following description of i 
expansion valve and gear which I Imvo desi^tned for big 
velocities; — A cylindrical casing has within it projeetions ati 
given positions; two of these pn>jection8 act as spaces between^ 
the ports of ordinary tubular valves. The valve now explained 
is tubular, but the area cuntrully is half of that of the euda, 
which ai'e parallel for given lengths, due to the stroke of tho | 
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Talre. These p&ruUel lengUis also regulntc the Deutralitj of tho 
Tslve whilst la action. At the present time the meaDs adopted 
to impart the moliOD U a diic of mfltat with a circular jstot; 
within this elot in a brau nut Into which is screwed a pin. T!ie 
ooun«cttng rotl of the voire is attached to the pin in the ordinary 
manner. Tlte niPAns for altering the grades of expanaion is by 
loosening the pin hy ila liatidle, and allowing the nat to slide in 
the slot to the nxjiiired (Msicion. It is ahnust neodless to add 
that the steam «utur« at the aide of the casing, and escapes 
•round and through the valve, keeping it in c<|uilibriiun. 

The valvee next in re<iuisiiion are those for the ends of the 
cylinder, commonly known aa rvlief valres. The usual kinds 
adopted are discs, with sfiringa or weights to resist the given 
preisiure of the steam. The action of these valvyji is, of course, 
due to the excess of preasnre within the cylinder over that of the 
resistance catieed by the springs or weights. It has been proved 
that in the esse of excessive priming of the boil«rs the cylinders 
ore suddenly flooded; ia order to release the water, cocks are 
sometimes used, but in many iastances the springs or weights are 
lifted by levers. Now id the owe of cocks, if not provided with 
valves beyond thorn, tliey must he worked by hand at each return 
•troke of the engine, or the vacuum will be destroyed. The 
spring vajvea will close uaturuUy, or hy the spring on its release 
from the hand lever. High-pressure Kteam litis been latpty 
introtlucetl, with great advantage) in the plaee of springs, hut 
with on entirety dtlTereatly arranged valve ami casing. 

I have arrau^ed a relief valve, so that the Hpring is not 
tampered with by levers or hand power, and an instantaneous 
opening can be effected without cocks, &c. The spring valve has 
on opening in it centrally, to receive on its outer side a flat disc, 
termed the vacuum valve. On the inner side is a provision 
initred to receive a solid disc valve, which, on being presMtl iu- 
woitU by a spindle and lever, allows a free exit fur the steam and 
water; on a vacuum being caused, the vacuum valve, which is 
guided on the spindle alhided to, closes the openiog air-tight; by 
this it will be understood timl the spring has not been in requisi- 
tion, but on closing the inner disi: the spring valve bcoomea one 
of the ordinary kind. Previously to starting the engines it is 
well Unown a vacuum shonld tie cau-ted in the condensers, also 
the eylinders and slide casings should Iw warmed, and the con- 
densed water be allowed to escape through the relief valves or 
eoeks. 

The valves used for the purpose alluded to are termed the 
''blow-throach valv.-s." It may be here observed that, In some 
caaea, the ordinary pi ag cock i« preferred for this purpose. When 
ralvea are introduced, they are generally of the ordinary disc 
kind, but one 6rm atlnpts a common elide valve for the purpose, 
with the advantage of simpUcity of levers, &c, and ea^y manipu- 
lation. 

The piston rods of marine engfnea are subject to excessive 
ttroio, ninseqnently the uae of guides is imperative. For the 
nngle piitton-rod engine, the universal system is a channel under- 
iteath the rod, the guide-block being generally of gun-metal, and 
the upper |K)rtiou attached to the pistou-rod by bolts and nuts. 
For double pii>ton-rod eugiues the guides are of two kinds, the 
first arrangement ia as the last, and the second, ma fur high nresaure 
engines or double guides. To say which is the prcfurable mode 
of arrangement of giiiden will, perhiip*, be deemed bold, but I 
may veutnre to state that I deem that fur the slugle pistoo-roU 
the best of any yet intro<luced. 

I cnnnot clow this portion of the present paper withont allnding 
to the odmirnlile armiige.ment fur tighieuing the glinid of the 
pIstOD-rod sinthng-boxeH, iutrfidueed by the firm <*f Me»itrs. 
Maudfflny, Sons, and Field. The screws are of the or<)inary kind, 
bat, iu the place of nuta, wnrm-wheela arc used, worms' being 
fitted to correspond; and motion can be given by n hox-apauuer 
while the engines are at work. Thid M one ()f Uie most important 
improveineuta tending to acelerate the progru».i of a ship during 
aT03r&geof, say three or fonr months. Imagine the engines requir- 
ing stoppage daring a mle in order to tJKhten the gtatula, and u 
Our esttniation coa m formed of the TaXue of ^e ImprovemeDt 
allnded to. 

Haviog oommentcd, though somewhat briefly, on the cylinder 
sppradagea, attention may now be given to the main iVauies and 
ortak-smft. The main frames may be said to nndergo a con- 
ttaaoiu strain, and must, conser^uenlly, be of a certain strength 
io ord«r to preserve the requisite rigidity. The cyiin.ler is 
attached to the one end, and the oondonscr at the other, whilst 
the emoK-shafl has bo be supported in its bearings. Not many 



reara ago a celebrated firm naed to make the eondenser and main 
frame in one casting; since that we have had the well-known 
frame, tike the letter A laid on its aide, also the hollow frame^ 
with a raised prt>jectioii for the crank-abaft, and a stay from the 
upper portion connected to the cylinder; this hut may be said to 
be the mont simple, and, at the same time, of less material than 
the A frame. As before stated, the strains on the frames are con- 
tinuous, yet, when sudden shocks occur, from the racing of the 
engines or the priming of the boiler*, the tenacity of the cast-iruu 
ia severely tvaiA-tl. As this is the case, wrought-iron xniKlit be 
used with great advantage, both aa to increase of stnngth and 
decrease of weight. The orauk-ahnfts of marine engines are 
generally of wrought-lron, in one mass, the cranks being doable, 
and furge<l with the HhnfLa. Three bearings are deemed impera- 
tive, HO as to equally distribute the strains. Now, this is correct 
in theory and practice, and the writer will be deemed committing 
a grave error no doubt in mnthemattcs, when he assniuee that 
the forward frame nnd half-crank can bedispense<l with, in order 
to reduce the weight and material. He is, of course, aware that 
the thrust and pull of the conuectiag-i*od will bo thrown on the 
centre cmnk and bearing, but, in order to oounteraot this, the 
length and dinmetar of the shaft at that part should be increased. 
Ue would also prefer, in this cose, to exteml tho frame and con- 
uect the upper [mrtiuit to the condenser; tho cap being on the top 
instead of at the end, na now used. Screws might be employed 
to adjust the side brasses; the eccentrics could be witlnn the 
cranks, or between them and the bearingit. 

Hnviug alluded to the principnl working details, I will now 
lay before you a description of the mode of condensation — post 
and present. It is well-known that the principle of oondenaatiou 
is to convert tho stenni into its original stale, llie contact of 
the Cool fluid, in tlie shape of water, Hccomplishea this in the 
ordinary coudeuscr, and cooling surfaces in the surface con- 
denser. 

In tho days of the introdnctiou of side lever engines, the 
arrangement of the condenser and air-pump was faulty; iti some 
cases the foot-valves were attnost inoccesHible. Nut many years 
ago, being ou b^)ard a steam-ohip fitted with old side lever en- 
gines, which wero then undergoing repair, I noticed a rope and 
block tackle over no-tr the condenser. On iiir|uintig of the en- 
gineer how he progressed, the answer was, "I am jnst going to 
sling one of the men with this tackle, by tho heela, to inspect 
the foot^valvea; and that," said he, " is no foolish job." On fur- 
ther examining the engines, I found that an upstde-down atti- 
tude was required, and indeed the only one allowed for the 
inspection of the valves in question. Happily now, however, 
such an inconvenient arrangement is of rare occurrence. We 
also find the side lever engine is being superseded by that of the 
oscillating type. 

The arrangement of the ordinary condenser and air-pnmp for 
ORciltating pnddle-engines is generally as follows: the condenser 
is situated between and below tho trunnions of the two cylinders; 
the air-pump* arc at an angle, with trunks and connecting rods 
ot'the ordinnry kind; the foot valves are at the bottom of the 
barrel of the puraji, the piston has valves iu it; and the dis- 
charge-valve, when not at Uio top of the pump-barrel, is at its 
side. Now, the principal defects in tfaia arrangement are in the 
position of the valves and condenser. When the foot-vaJvoa are 
directly uii<lerneiith the pump'd piston, it is obvioas that an 
nIm<Nst entire disconnection must bt* made to inspect them. 
Also, in the cose of the piston-valvea requiring iospectioD, the 
pnni|»-cuver must be removed, and to attain this the gland pack* 
iug bos to be slackened, and the connecting rod disengaged. 
Now, toavoul the«e evilx, doors might be introduced, but with 
those disiulvuntagea — incruase^l heightor length of tho air-pump 
poBsnges, and a bodv of water always above and below the piston, 
which undoubtedly is what any righ t-thiitkin^ engineer wuutd tlis- 
approvu of, it being clearly understood iliat au air-pump will 
produce a better vacuum whoii the pixtou thoroughly disoharne 
the coutenta between the foot and delivery valves at each stntke. 

Having thus pointed out the existing eviln of the ordinary 
arrangement, it wilt not tm deemi^d out of jilace to introduce 
a remedy. The condenser at the aide of or below the pump 
is one of the worst positions that can be conceived; the idea 
of allowing the oondenseii steam to fall, only to be raised 
again, seems ou consideration to be foreign to the idaiu of our 
talented engineers. It is well known that, in ordinary arrange- 
menta, tho condenser is always in the puaition alluded to; steam 
even of a low pressure U larger i& volume, but not aa denw 
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Mid heftTj M water; it is aIso more elastic, heuoe it will uoro 
readily ueenrl. This, th«Q, being clearly understood, it \a not 
UDwiBQ or imprncticable to aaauioa, tbat if tlie oondeDser were oq 
the top of tho uir-pump, instead of at its aide or bottom, a better 
vaouam would be niaiatained. X hts to offer a descriptioD of aD 
arrangoment of coudeoaer and positioct of tlie valvee, both for 
correct actiou and accesaibilily. It will be aoderstood that the 
ooudenser in this caao is over the air-pump; the suL'Uou-ralvea 
are iuvurted, couaequentl; the weight of the water asiisU the 
Aotimi of the ptsluu in cauniDg a vAcuum. The exhaast-ateam 
fixiii) tt)6 cylinders rushes up Ine exhaust-pipe, and enters on tlie 
top nf the condenser. The water in the air-punjp is discharged 
through the delivery-valve, at the top of tie pump, and from 
thence through the deli very- vaWe at the ship's side. A door is 
secured opposite the delivery-valve, and doors are provided on 
oaoh side below the bottom of the condenser, for the double pnr- 
jfiofkf <if inspecting tlie suction- valves and the air-pump piston. 

'J liis arrangement of condenser and alnpump will occupy as 
little room as those of the ordinary kind, with the advautjige of 
acoessibility to all the working parts without disarrangement. 
It may be argued thah the stuffing-box, being in a recess when 
used for gaides, would be tronbleaome to keep tight or repack, 
but if oil be always kept in the recess, M as to entirely cover the 
gland, it would tend to Jesseu the liability of leakage; the nuts of 
the gland and bolts could be mljusted by a box-spanner, or tho 
bolls prolonged to the top of tho condenser. lo cases where the 
depth oi the ship would admit, the rooeas coald be dispensed 
with; trouks are not proposed fur this arrangement, aa their 
dinmetMB woold bo necessarily increased, owing to tho length 
required to pass through the condenser, unless a recess wero 
resorted to as now pro)>osed. 

The next portion of the subject n'>w before ns is the ordinary 
condenser for screw euginee. The action of theair-pnmp in thin 
case is usually lioriztjnLiI, consequently the valves are at right- 
angles to the pump. To <le8cribe each arrangpnient of coDdeustr 
and air-pump that have come under the writer's notice would 
occupy too much time, consequently a brief mpution of two or 
Ihi-ee examples on this occasion will be deemed sufticivut. For 
direct-acting and trunk engines, with the cylinders sccunfcl 
together or sitL' by siilu, the condensers were lietween, and in 
Bome instances in front or at thu sidca of, the air-pump. The 
loot and discharge valves were directly over eaoh other, Ao 
former under the pump at each end, the condensed water or stsaiD 
being drawn through the foot valves and fnrcfvl through thos« 
above. In another instance tht> foot and ilelivery vnlvcs were 
extended the entire length of the air-pump and passages, tho 
|XMiition of the valves over and under being as before, and the 
coodeoser being between the air-pum|)». For return cimnecting- 
rod engines, the condenser and air-pumps are subject to great 
disadvnniages. In order to obtain a passably good arrangement, 
(tnd at the same time occupy a moderate space iu proportion to 
those last mentioued, the coudeitser, Sic have to Ije shaped to suit 
the pur|»osK rwjuirwl. It mu»l he jwrfeclly understood that when 
the piston rods are beyoml the crauk-shiift, as in the examples 
uow in questinn, there is a certain amonut of space require<i for 
thu piston-rods and guides of the tiroaa he-'vd or guide block, which- 
ever may be used. It \» also clear that accessibility to all the 
valves without disarraugeuieut Hhuuld be attained. To illuatrate 
lb«s« desiderata, the fullowiug cxnniples will be safficient for 
the present purfwae. In oue iustance the condenser is partially 
between the cylinders, and extending beyond the crauk-fhart; the 
air-pumps are at tho side of tlie ooudenser; the 8uction-valve« 
extend tlie U-uglh of the air-pump, and the discharge-valves are 
btitwecn each pump, the pump and the vnlvea being beyond the 
cniuk-KliaA'. 

The next example is as follows: — The oondemierand itsapjwn- 
dages am entirely beyond the crank-aha.ft. The air pumps are 
at the extremity or sidci!! ami near the bottom of the uoudenser. 
The foot aod discharge valves extend the entire length, and ar« 
arranged over and under the pumps in the usual form. Th« 
guides for the piston rods are beiween the upper portion of the 
condenser and tliat uf the diDcliArgo chambei. 

Having disposed of the principal arrangements of air-puaips 
and condeosers aa formerly cuustructed, allnston wiH nnw he 
made u» tliuHO of recent improvement and practice. As before 
stated, a belter vacnum cnn Iw aiijtined when the condenwr ia 
over the air-pump insteail of at the Kida. For direct-acting 
engines there are two nrniugentcots specially worthy of notice. 
l>t. The air-pumps arc worked by the atoaiu-pistons beiween 



the crankfl, as near the bue lin€« of the engine as tba periphery of 
the circles will admit, the condaaser being oue chamber direcUj 
over the air-pum[)a. The suction valves are inserted in the bottom 
of tho condenser, so as to etfcctnally drain the same. The dis- 
charge chamber extends the entire length on each side and book 
end of the condenser, the valves being nearly in the same line a» 
those for tlie suction, but reverse in action. The next example 
is the sauio aa the last in principle, although dilferent in arrange- 
ment. The air-pumps are situated as in the last example, bat 
the ccmdensers are separate, one to each engine, over and oti each 
side of tlie air-pump. The suction valves are inverted in the 
bottom of each condenser, to obtain tho advantage before alluded 
to, the discharge chamber and valves being central or between 
each condenser, and directly over and between the air-pumpe. 
It may now be argue^l, that if the two examples last mentionsd 
are perfect in action and arrangement, what is the cause of tb« 
diversity 1 The answer to this is, diversity of idea. Eugineere, 
OS a rule, are averse to the act of copying from each other. No 
sentence grates more baishly on the ear of a scientific man than 
the words, "where did you copy thist" or is more repugnant ta 
his dignity. 



DESCKIPTION OF THE MADRAS EAILWAT.* 
Br T. H. CJoiNO. 

In thid P''^t>^c niy design is not to produce either a scientific or 
statistical tuusay on the Madraa Railway, but to give such a general 
description of its lending features, physical and constructive, aa 
an actjunintance of more than four yean ennhles me to oner; 
trusting that, at least, the novelty of the subject may invest it 
with some interest to those who have had no personal experience 
of Indian engineering. 

Madras was the Utestof the three Indian presidencies in ent«r> 
iug upon the construction of railways; the first having been 
in&ugnrated in tlte summer of 1BS3. This is now known as the 
South-west Line, and was originally commenced withontauy well- 
dotiucd idea as to its ultimata direction, beyond a general one, 
that an easterly course was undesirable, owing to the presence 
of an ocean on that quarter; a direct noriheni one not offering 
manv iud aeeiueutH, either as regards the ridineiw of oonntrr or 
its physical adaptability. Why a snuthorn start was not given 
to this first essay is not so easily explained, since in that direction 
lies a country of extreme fertility, thickly populated, and with 
everything to recommend It from an engineering point of view. 
There were, no doubt, i-easons for this, aa potent as those wbicb 
swayed the judgment of the Government advisers, who, when 
they had seloctud the south-west route, were careful that anch 
large towns as were linkable in the regular course of a railway 
should be aoruputously avoided ; probably fearing, like the Syba- 
rites of ynre^leat the shrill notes of the stean>-cocK should disturb 
the peaceful slumbers of the inhabitants. 

Thu.4 treading its unsocial course along, the South-west Line at 
length reaches a pnint on the weeteru oooat known as Koypoor, 
where the terminal works ore erected. Not that Bcymwr can 
boast a hurbour superior to any other river-mouth along the 
coast, for they all. more or less, share alike the natuml effecta 
of simd-beariug curreule, which, checked by the actiou of the 
aouth-weat monaoon, create a bar across their entrances. There 
is not a harbour along the west coast, from Ca;ic Coniorin to 
Bombay, which can afford security to vessels i>f ony considerable 
touuage, except, perhaps, Sefdashaghur, where a barrier of ooul 
Islands might be so omnected, by arliticial means, as to oonstitate 
a goo«l harbour, sheltered from the effects of this r«>ffux of sand 
Beypoor is in fiict an open roadstead, and was probably eclectad 
for the terminus by the influence of the inm company, whom 
the existeuce uf extensive beds of rich hematite in this locality 
calleil into being suiuo years back, nud whoso wurks, now in a 
semi-ruinous condition, stand aa a costly proof that in the abeenoe 
of a local supply of fuel thf manufacture of iron is not a profit- 
able speculation. Yet, should the serew>pilu pier, at present in 
course of erection at Madras, prove a success, uo doubt its 
adoption at Beypoor would follow; aud it is im|x>«sible to over- 
estimate the advantage*, both social and |KiliticaI, which would 
result from the connexion by rail uf two etHeient harbours, one 
un the west, the other on the east coast of the peninsula. 

For many miles after leaving Madras the lino traverses a fiat 
country of uo great geolt^cal interest. Everywhere beneath the 
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■oil the greftt tintlerlying stratum is decomposed gmtiLte, vliicb 
beoomea more and mora consistent in proportion to tbe dcptli,— 
M vmj ht) readily obaorved In the deep welU Tor irrigation 
purposes, »o frequent in ladi&n cultivation, — till it fioalij merges 
intA solid rock, yielding onlr to the f^ttarryman's art Theae 
McttoQB would lead one at once to conclude, h-om the texture of 
iberonteriat and vc-ins of chloride, quartz, &c., which they dispJny, 
tbal thiti decomposed stratum is the result of decay gradually 
wlv:u)cing ilowniriirda with the lapse of time, and do not any-* 
where iuillcate the character ofdrifV. 

When undulations of the surface of the ground necessitate 
railway cnttiugH it is gmerully found that the nucleus of the 
cntting i* the ridge of a greeiiMtone dyke, of which the tipper 
portion is more or less decern {loaed. It may be supposed that in 
a country of this chnnieter, clavs, valuable for pottery nses, will 
be enciiuntcrcd, ab indee<l is t)ie cise; and the mitway cuttings 
have laid hnre some Hue deposits of cayoltu nud other clays, which 
are tnrue«l to UHefiit account in the school of arts at Madras. 
Furtlier west, near the Poiuey river, gneiss rocks begin to show, 
diverstfit-d by numerous tnip-<lyk«a and granite veins of all sizes. 
This chanvcter continues till within n few miles of Salem, where 
the line cats a bit uf ground intersected hy veins of cirboiwle of 
magiK'Hia, the so-cJilled "i.^hnlk lulls." Nt-nr Suukcrry Droog, and 
again near t'oinibatore, it crossoii some not vei^ extenaive lands 
of metamorphic limestnne. Some of theolTicers of Tir. Oldham's 
slaff are now (June 186i!) engngexl npon the geology of this ]iart 
of the country*; and, up to the present time, they hsve not met 
with either the carboniferous limestone or dolomite, nor has 
a siugk> fussil been ever fouud in this region. It has not, however, 
been properly examined as yet. ForUier south, in the Trichi- 
nop-ily district, ihey have made a splendid collection of fossils 
Ttom the carl>oniferoaB limestone, which now adorn the Oeological 
Mu»>um of Calcutta. 

The great geological feature along the east«m pnrt of tlie line 
is the magnetic iron hill nenr >Snletn, close to the southern slope of 
whioh tbe line rnna for ahout six miles. The ore from this hill 
supplies the I'orto Novo Iron Comfwiny. 

Hie next remarkable feature in the geology of the railwsy, as 
we proceed vpestward, ooouni after croBsing the Cauv«ry river, and 
ftppi-o.iching the foot of the groat triangular spur of Ihe wentern 
gh:iut?, known as the Neilgherry hills, round the aouthei-n skirt 
uf which the line curves towards the west coast These hills are 
a solid mass of gneiss, cut up with dykes in all directions; and 
the railway through tlint district has the same lough substance to 
soominter in many of its cuttings. 

TIii>r>? vA a peculiar deposit know as laterite, which occnra 

i ilely in all parts of Souibem luilia, and is probably 

rii. I iif loany specialgeologlca] period, hut which reaohesiis 

j^reatesl dtrvelopment on the wct}iei*n coast, where it may beiteeo 

eon)i»o8tng the entire mssa of hilis, some hundreds of feet in 

hcighL It may be described «8 a gritty, pornuH clay, indurated 

by f-rruginons infusion. It is niajwive and easily worked, though 

.^^^ tli<r Hfirface ver)' hard for somu iuches in depth. It is use^l for 

^^^pnihliiig ptirpovcM in the place of bricks (aa the derivntion from 

r^ue lAtin miiiht suggest), being cut oat in blocks, which are 

farther shaiietf by means of a h-itchet. Of coarse, in a climate 

mbject to fronts, the use of such a material in building would 

be oQi of the question*, and even in India I do not tliink it can l>e 

onoahlered na a material of sufficient dumbility for railway huild< 

iog, except ic be for stations and smiiU drains. It is also used aa 

baiut. 

IVoiti the foregoing remarks it is evident that there is no lack 
of gfx^l niitterinl for railway construction ncross the southern 
MDTnsuht Kven throughout the plains oj' the Carnalic there are 
MW localities in which a granite quarry, within toU-niMy sccessible 
(filtauc^, may tint be luokeil fur. I am itcipiaintcd with iuittimces 
idiera the menr xtrippiug of the soil for a few inches of depth 
ivreals the surface of a granite plane many acres in extent. I 
am not aware whether it may be considered as one of the 
obAnicteri><Iics of granite, that near its surface it is distKwed in 
ncoeMivp layers, nnalogous to the ooals of an onion,, or whether, 
wht-n ioch a character is observed, it shnuld not be rather 
■ttrihuietl to the effects ofaqufMns deposit than, the nctlou of 
oooling. It is certain that tlie socalled granite of Madras 
prewideocy may 1« thus raised in sueeessive layers of varying 
tliicku«M, and hence I aui donbtful whether it should not be 
naarded as gneiss. 

ehoald, however, the more solid building material fail, there is 
always available on the plains an abundant supply of clay to make 



the brick— well-beloved of Indian engineers of the Pnblic Works 
Department — well-beloved, too, of the mild Hindoo mason, whoso 
scantily developed muscle somewhat shrinks from the rough 
practice in stone, ao bard, so heavy, so Incapable of a sly-mc« 
finish, to smooth over any inherent defects. Famous bricks, too^ 
have been made in India since railways have introduced Knglish 
Civil Engineers. For Oovernmenl works the bricks are usually 
but half-burnt; and to smother up bad work. It is the coslom to 
finish off with a handsome cont of plaster. It is not to be wondered 
at if bridges thus constrncted resolve tliemselvcu into Uieir 
original elements — it in»y be the first, or it may he the second 
moonsoon of their exiBtonce. Indeed, the first caiay in all 
Government bridges would seem, as a general rule, to be merely 
regarrled as an experiment. Bridge No. 2, constructed on the 
mins of the former, will probably be better adapted to the require- 
nioots of the locality, and, perhaps, more carefully boilt, should it 
be within easy access of the engineer of the district; bnt since his 

firofession <l supervision may extend over an area of country as 
«r^e as the principality of Wales, it is more likely that a native 
maistry will have the nmuagement of the re-erection, am) that he 
will put up a second bridge the counterpart of No. 1. This is no 
exaggerated picture of the manner in which the public money is 
squandered in Inilian government works. 

The mode of qunrrying granite in the Madras presidency is 
fiecnlisr, sud a description of it may be interestmg to thoro 
iinjicqiiftinte<l with the process. There is in India a caste of people 
knuw as woddprs, whom 1 may, in general terms, describe as the 
navvies of India. Tliey are of two classes— those who work in 
stone, and those skilled in the mnuipulatiou of earth. The stone 
wudder is a hardy, sinewy fellow, whose stock in trade consists 
of a house, which, when on his traveli, he tranxports on the back 
of his donkey, or else on the head of his wife (no remark.ihlo 
instanoe of tyranny, since it consists of nothing bnt a mat uuA a 
few hnmboo stays); then he has a heavy crowbar, a few iron 
wedges, siime eailheu pots, a dog, and a smnll stock of rice. He 
ift, in fact, » being a goodde:il reHenibling the Irish linker, of limes 
not so ancient but that we can recall the picture. .A.rrive<l at his 
qnarry, his first care in to lay in a stock of firewood, which he cata 
iu the jungle, and removes bymeans of a peculiar bandy or cart 
with low wheels of solid timber, drawn by a p.nir nf buffaloes — an 
important jKirt of hitt equipment, which I omitted to include 
bef^Lire in the list. The wood is piled iu small quantliea on the 
surface of the rock, and Ignited, usually during the night, their 
favourite lime for work. After the fire has been steadily kept 
up for some hours, the upf*r layer of the rock expands sutVieitnily 
to profluce a separation from the substratum. The sepsratiou ia 
accom|)unled by a dull bursting sound; and the extent of the 
severance is ascertained by a series of taps with the crowbar, 
the response of which is conclusive to a practised ear. The next 
operation is to break up this loovened bed of rock into fragments 
of a size convenient for handling, and this is effected by means of 
a round boulder of greenstone, as large as can be litiwl to his head 
with the nssietance of another mnn. This he dnabes down w^th 
all his miglit on the rock, nud sometimes anccee<ia in making a 
fnicture with a single throw; but it often requires to be repeated 
many times; and it is wonderful, consideriug tbe clumsiness nf 
the meihoil, with what soccer he turna out handsome square 
blocks of stone, of diiuenKiona well suited for building. This, 
however, is more to be attributed to the natural tendency of the 
stone In siiuare fracture, thitn to the skill of the wudder. 

The earthwork nf Indian railways is |>erformed by a different 
process from that n>tual in Kngland, where the quantities iu 
cuttings and embankments are commonly so proportioned that 
the mnterinl taken out of the former may bo sutSnient to constmot 
the lattrr. In India, however, tho value of human labour is 
low — ft mail's wages on the Madras railway being equal ti .V. 
per day, and a woman's to \^d. — the value of laud isiOaostuall; and 
for these two reasons the system adopted is, to spoil the cuttinn 
and mtike the embankments frt^m side dItctieH. The uwof whed- 
barrows too is ignored, their represeniAtive being a flat withfl 
basket, holding about two cubic feet. These are tilled by means 
of an implement called a mnmmoty, which may be described aa a 
targe hoe with a short handle, and, being lifted on to the beads of 
the wom(-n, nre hy them carrieil to the bank. It ia surprising 
how fnwt this process raises a pile of earth. 'ITie woret of it ta, 
that a bank made iu so looee a manner ia liable to settle for a long 
time. It has been otieu attempted to inintduce the wlii--elbarrow 
mode of work, but with little sticceas. The Iwiakcl of antiquily — 
probably antettilnvian — still holds It own. I have heard of an 
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uutaoce of an enthaaiaat in wheelbarrows, who, haviog exhausted 
hu rooroing energy in in the food oadeavoaf to reclniin a gang of 
coolies from the uie of the objectionable basket, bad the uiurtinca- 
tion, on making his evening tour of iiiopoctiun, to find them 
oarrying the wheulbarrowa ou Uivir heads. La the belief that it 
was only a conveuieat modificatiou of the principle. The greater 
part of the earthwork iu Madras predldeiicy, on the railway, in 
tanku, &.C., in (lone by people of llm tuune ca«te as tbo atone wtiddera 
whom 1 liave deacrihed; and theaa people alvaya perform their 
work by contract 

In speaking of the materials for coastmction, a few remarks 
on lime will be proper. I have alluded to the slight development 
of limestone id the Salem district; hut for buruiug purposes the 
concretionary carbonate of lime common through Madras is most 
used. Id this fonu it occui*s iu bods of varying thickness, as well 
as disseminated through the soil and over the surface, of the 
Srouod. The nodales are of various aiiwe, from that of a pump- 
kin down to the bulk uf a pea. A vnry coiniaou variety is 
shaped like the ginger root, and this I have always found lo 
ponew slightly bydraulio prnperiieH. In tlie neighbonrhuod of 
Madras, as welt aa on the weut coast, aliuuet the uuly kind of 
lime used is procured from the burning of sheila found in beds a tittle 
below the anrfaco, in low lands near the eoa coast The time 
made from tbeee shells, being very fine and white, h admirably 
vnited for plaster, and is suoceptibto of a high polish, which is 
administered during the period of its setting by means of a 
amooUi stone or crystal, rubbeil assiduoosly over tiie surface so 
■o long as any dampness remains, a little of the powder of aoap- 
Btono being sprinkled on to assist the polish. Most of the public 
baildingB aa well as the private dwellings in Madras are finished 
in this ^*7\ and when the work is new itgivee Iho effect of white 
marbla The action of the atmosphere, however, soon tar- 
nishos the exterior of bnildiugs thus finished, and they look 
shabby enough after three or four seasons; but the interior 
preserves its beautiful purity cif appeamnoe. 

The Teloogoo name fur lime in chuuamboo, by which the Tarions 
kinds of carbonate of time known in India are designated. When 
calcined it is still called chuuam; and even after the combination 
of the resulting oxide with water and saud has converted it into 
what iu England we call mcrtar, the univer»il name, "chunain," 
is its only designntion. In the calcined state, chunant is much 
used by the natives as a masticatory, being nibbed on the leaf of 
the betel vine, which is then folded up and chewed, the juico 
being swallowed. It msy he in place to observe, while speaking 
of lime, that that useit for building pnrposes in Ceylon is all pro- 
duced A-om the crdciuation of coral, indeed, on the coast, the 
buildings are mostly eoustnicted of coral blocks, cemented by 
mortar of Hme made from conii. 

The average annual fall of ruin in Madras, on tlie eaHteru side 
of the peninsula, is aUtut SO inches, but as uiucli as 80 inches 
have been registered aa the fall f<>r three several years since the 
conuneDoement of the oeutury. Within a Bingle month the rain 
gauge has iudicat4>d a fall of 42 inchfs, and on the s!.ith October, 
18J7, 12 inohas of rain deaoonded from the clonda in a steady 
pour of 12 hours' duration. From theee data it will be under- 
stood that the <iuesiiou of drainage is one of some imrx^rtance in 
the coustmctioQ of a railway acrn«8 micli a couuti-y. The rivers, 
indeed, couatitutc the }irincipal diSiculties to be overcome, all the 
more so from the fact that being, during the greater part of the 
year, little more than broad shallow chanuels of sand, the great 

Jiroportion of their duty is concentrated into the short space of a 
ew Weeks, during wliich the rains uf the north-east monaiwu 
descend. Thuaa of the went citOMt nitiHt however be excepted 
from this general description, becanae the cloud-barrier of the 
wpKtern ghauU, wliilat arriwting tlio ea-itward progrrsa of the 
BDUth-weat monsoun, pours hack its deluge of waters tu the ocean 
whieh washes the sh&res of Malabar ; so that while thiti 
vapoury region monopolises all the waters of that monsoon which 
oomes fadeu with the moist breath of the Indian oceau, the CcuD- 
maudel coast must content iteelf with such watery stores as are 
picked up by the north-east inousonu iu his shorter Bight over 
the bay of Bengal. A corresponding difference of climate 
acoordiugly characterises the country on Iho two sides of the 
western ghauta. Innocent of water as these saudy channels of 
the east appear, however, wimn the question arises of laying 
the foundations of a bridge, this uncompromising element ia 
found bat to lie dormant within a few inched of the aorfaoe of 
Uie sand. 
Various means of sinking foundations are resorted to by Indian 



engineers: a favouritd one is that by wells. Thus, over the site 
of the pier or abutment are built a series of brick wells, about 
3 feet interior diameter. They are placed side by aide, and in 
sullScieDt number to cover the area of the foundation. Being 
built to the height of 3 oi 4 feet, a diver gets into the well, and 
commences excavating the sand beneath his feet and hands it 
out in a basket. As he excavates, the well siukit; and when it 
roaches nearly lo llie surface of the water, additioual conrws of 
brick are built up; aud mi on successively as the well sinks, the 
diver being obliged to fill his basket uu"ler water when the pro- 
cess of sItiKing nas brought him beyond hia deptli. Finally a 
eeooud diver etauds on his shouldera to asfeist his descent. i*be 
wells being sufficiently sunk, the intervuls and spaces contained 
betweeu cuntiguoas wella are filled with broken bricks mixed 
with stiff clay to within a few feet of the surface, and rammed 
bard. The tops of the wells are then removed to the level oi 
Uiiti rammed surface, and an bikmi as the water has been reduced 
by tbu menus of baling-ldiskctfi, tiic first courses of the founda- 
are laid with brick cubes, previously got ready by cementing 
together in this form a number of nniinary sized brinks. By 
means of these cubes the wurk U rapidly carried above the water 
level, and from tliis point, or perhaps a little below it, the 
ordinary brickwork begins. 

When the depth of sand is very great, and water difficult to 
overcome, this ia a cheap mode of evading the uecessity for coffer- 
dams and pumps. Of its efBoiency however, as practised in 
Madras presidency, I have some doubts, as it is not usual to sink 
the welts below 10 feet, and the scour of Hoods in the Indian 
rivers often reaches beyond this depth. In Bengal the same system is 
adopted, but they usually siuk their wells till a hard bed is reached. 
The engineera of the Madnw IVilway have not taken kindly to 
this Indian mode of founding; aud it. has been ouly resorted to 
ia a few instances. In laying the foundations of the gronitft 
bridge over the Noggery river, of thirteen 40-feet arches, on the 
north-west line of the Madras Kailway, the resident engineer, 
Mr. Sniurt (who, by tlie way, was u student of the enc^ueeriug 
sfihool of Trinity Cullege), adopted the method of curbs. 1 canj 
describe the modu* operundi for the first pier, having beeu present 
daring the sinking process. The curb conHiMtod of a stning teak 
frame 40 feel by 9 feet, divided by ci-oes scantlings into five com- 
p&rtnicutJi of 4 feet square, and equidistant The tbickuess of thai 
curb from under side of beams to upper surfuce of planking wnaT 
S feet. It was placed accurately above the site of the pier on the 
BuHaoe of the sand, and the masonry built to a height of 10 feet, 
making an entire height, including the frame of 12 feet, this 
being the depth of sand above the solid substratum as osccrtained 
by a pricker. Cross walla partitlonod the structure into & oellsy ■ 
corresponding to the compartments of the curb on which it waaj 
built, and every course of the upper 4 feet had layers of boop 
iron worked into it longitudinally. It was then ready for sink ' 
a procuns simihir to that described for the wells, a diver being i 
at work in the bottom of each cell tu remove the sand, and hand 
it up by liftA to the top, where it was dtschnrgod. The sink 
too, was found to be greatly facilitated by keeping the sand .. _ 
cleared away round the exterior. After being sunk some feet ; 
crack appeared iu the masonry, which alarmed the divers, andll 
it was with difficulty they could be got to proceed with the worit* 
The structure weut dowu in sudden jerksof afew incheaata time, 
and was finally deposited on its resting-place below the sand 
within ten days from the commencemoat of the sinkiogi and 
though a few cracks showed in the masonry, it was of no practical ^ 
ooDsequence. l*he total cost of the curb, fur materials aud work^ 
manship, was about 130 niiieea, and the siuklug cost 90 ru[: 
220 rupees, or say ^£22. The cells were finally packed with stone,- 
whicb was then gronte<l, nod a level platform thus prepared for 
the supenitruoture. Such a mode of getting in foundations would 
of course be ouly piacticable whore the sand was free from 
boulders. 

The principal rivers orossed br the south-west liuo are th* 
Cortiliar, the Foiney, the (loriatlmra, the Palar, the Cauvery, 
the Thoolha, aud the KiiddulUoondy. It waa originally 
comtemplated to cross all tbeM rivers by means of arches of 
masonry. A great improvement hua however been introduced by 
the substitution in many cases of wroucht-iron ginlers, whereW 
the number of cosily ami tedious pier louudatiuus is dimiiiishcu. 
The total length of the south-west lino, from Madras to Beypoor^. 
is 405 miles, and the summit height attained at Mooroor, neaa 
the foot of the Shervaroy range, 1 500 feet above the larsjl 
of thi> sea. At Coimbator, where it psassa near the baas of the 
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Neilgherry range, a seeood sammit of 1301 feet above the sea ia 
attalued, adiI between these two iuterveoes the deep valley 
throagli which the rnpid Caavery waatiea iia way southwarda. 
Thifl plevatiuii uf Lliia, at the {»*iuC of t-rotbiiug above ttiesefi kwel, 
ia odIt 4d.'i feet. The gnidieuta arc for the most part favont-ablc, 
tbe maximam beiog 1 id GO, Beccsaiteil in deaceDdiug from the Uut- 
umed suDjmit towards thu plaiua of Malabar. 

I liave liiUierlo ouly spokoa of the aouth-weat line of the Madras 
BftUway — aa ht'mg tiiat for the couatrucliou of which the 
company waa origiaully raised, aod which is now nearest to 
ooiu[>letiou. Ia August 1&6H, the GovoromcDt entered into a 
further contract for tlie conatruction of the north-weat line, 
whMi is designed to strike out fruin MadraH in at) direct a 
fioane as is expedient, towanls Bombay, aud furm a junction 
with tliG railway from that town near Moodgul, m the territory 
known as the Kaiohoor riiiab, lately restored to (he Kizam of 
Hydnbad. Two branches, one to Hangalore, the other U> Oot&ca- 
uund, have also been aauctiuned, but conatructiou ha^ only been 
oouimenced on the former, the object of these lines is to give 
ready occeaa to two such important atations. Bangalore being 
the great military head <iimrtcr6 of the Madras prosideucj, ana 
Ootacaaiund itn aanttorium, 

The railway of greatest imperial moment however ia Southern 
India is the Nortu-west Line. Anyone who will take up a map 
of India, and trace a pencil line from Madnts, through Cuddapah, 
Oooty, Bellary, ShoUpoor, and Toonah, to liumbay, will Im- 
xuediately recognise a route which, aa atTording the most direct 
oommuDicatiou between the Keata of government of the two 
Western presidencies, and passing through military stations of 
groat importance, WKuld uatnrally sii^-geat to the rulers of the 
OMuntry the expediency of fitting it with a railway, so as to oeoure 
those strategical advautagt-'S, which, however aucb writers as 
M. Strcubil tuay decry them, as tending to relax the energy and 

. cotbuaiaam of the soldier, yet were proved to be eminently 

'' ftUeDdant on a railway system during the operations of Lord Clyde 
in sappressingthe mutiny of l^'i?. 

T*b6re are many other considerations too, which greatly enhaoca 
the importance of these trunk lines to India. Prominent among 

i theAe might be mentioned the great reduction of troops which 
voold be rendered possible under the improved means of 
traaaportatiun; the exemption for European soldiers from those 
long ^tiguing marches which, under an Indian sun, are so 
cUttstrouB in their effects, the reduction of the enormous camp 
•qoipage; the carriage of troops at an extremely lew fnre, and of 
the mail without charge, as provided for under the system of 
Oovcniment guai-auU*e, besides many other desiderata iu the 
eoouomy of governing. But these questinua are not within the 
acupe of my subject. It must, however, be a uiatier of surprise 
totnoae who can appreciate the advaut&gesaocruiug from railways, 
that the Government of Icdia should not strain every nerve to 
e^et a speedy completion of the north-west line, instead of 
checking its progress, as they have racently done, through 
mistaken notions of ecdnomy. 

On thiii line the bri<lges attain constitate tlie chief engineering 
difficulties. There are twelve principal rivers to croaa; among 
vhich the largest are the Nngeery, Cheyair, i'anpuguce, Chittra- 
TQtty, Penair, Hugry, and 'loongahudra; the channel of the 
Cheyair being some 60 cliains across, and the others varying from 
10 to 40 chains, making an aggregate of brid^'ing over thuse twel ve 

I.Tivera alone of more than '.i miiee in length. The designs ate 
principally for masonry-, piers, and MU|jer«tnicture of wniirght-iron 
girders in spans of HO feet, adapted for a single line of rails. The 
catlings and embankments, too, of the Madras railway are, 1 may 

■ obaarve, all adapted for single line, the masonry being constructed 

' for a double line. 

The total length of the north-west line, to its junction with 
that from Bombay, is 330 miles. Two ranges of hills are crossed; 
the first at Ballapilly, involving a heavy culling through 
qnartzite, and a gradient of 1 in 60. For about 130 miles the 
th work is tolerably heavy; but to the north of Cuddapah the 

[great plains of black cotton sail prevail, and the earthwork will 

rconaaqDently be light. The permanent way is formed of 7fi-lh. 

inila and cast*irou sleepers, with tie bars. The gauge ia A^ it. 
-~the standard for Indian milwayn. 

The south-West tine was laid with sleepers of the country 
timbar, and though some varietieis of this are extremely bani 

l^nd todghi yet experience proves that there is no timber capable 

I ef wiibatanding tne ravages of the white ant, or the effects of 
dry rot ia this climate. Teak ia the ooty timber whose use 



in sleepers has been attended with partial aaceew. Even tlie 
English oak ti-eenail becuuies converted into a brittle subatance, 
resembling charcoal, after little more than a year's exposure to 
the weather. The renewal of such a road is very costly; and 
in all csAVi of renewal on tho HOUth>west line, the cast-iron alaeper 
is being now substituted for the timber one. The first 06 miles of 
the south-west line open on the enst ccast, have costior construc- 
tion, including permanent way and rolling stock, .£8^>00 per mile. 
The uorth-wfst line, so far as at present constructed, with a 
permanent way of much greater original expense, has cost only 
^000 per mile. 

The public works executed in India have long been condocted 
under the authority of a special department of Goverumeut, the 
engineers being, for the tutai part, supplied frotu among such 
of the officers of the army as are able and willing to submit 
to the slight prcliminair ordeat required to fit them for the 
service. The greater number are selected from among the engineer 
corps and the artillery; their subordinates chiefly from among 
the ranks of the sajipem and niiners and the artillery; and 
the lower grai^Ies are made up from the native community. The 
labour ia performed by coolies working for daily wages, 
occasionally by means of convicts, and in some inataDces small 
con tracts are entered into. 

In imiUcion of this organisation of the public works departmeolt 
some of the Indian railway companies have adopted what ia 
called the departmental system, under which the work is executed 
w*ithout the iulervcution of contractors, whose duties, in addition 
to tlieir profesaional ones, the company's engineers undertake to 
perform. A good deid may be aaid la favour of this mode uf 
working in the early atagea of railway CDnstmction ia India, 
whore, owing to the character rf the climate, want of local 
exf>erienoe, and other causes, it might be difficult to find Knglisfa 
contractors willing to enter ui>on such a speculation. Bestdw, it 
may be urged that, if the company can perfoi-m by their own 
officers the work usually committed to the agency of contractors, 
ia it not a clear saving of the per-centage which (he latter 
would calculate on in return for their labour aud outlay? Tliis 
looks true enough; and, under certain favourable coDditiooa, 
would undoubtedly follow. These conditions, involving as they 
do, for the most part, questions connected with the genonu 
management ot the company's alTaira, arc not suitable for diacussioD 
here. 

There ia, however, another important condition to its flucceaa 
which may be alluded to. It is, that the engineer shonld not 
have a larger amount of work placc^l under his charge than he 
cnn rlo justice to. In India, wher^ skilled labour is scai-oe and of 
au iiifurior-ordor, efficient overseers extremely difHcuIt to procure, 
and dishonesty and peculation universal, an extraonUnnr}' amount 
of energetic supervision is incumbent upon an engineer, who, 
placet] uj>on a district ao organised, would do his duty oou- 
acientiously. 

The length of the line under oooatruction, committed to the 
charge of an engineer on the Madras railway, ranges from SO to 
25 miles. It is true that with an efficient staff of subordinates 
it wonid be quite possible for him to perform the duties of tield 
aud otfice, even with all the accessory functions of providing 
work-people, apportioning, managing, and paying them, pre- 
paring aud distributing plant, keeping it in repair, teaching and 
trainiug nverscers, nieclmiiUTs, &C., regulating a detailed system 
of acmiuntj), guarding and disbarsiog immense amonnts of the 
bulky silver currency, maintaining a narassiug cross-fire of office 
oorresfKindence, but above all, exercising that untiring vigilnnoe 
over the work in progress which the apathy, carelessness, and 
deceit of the Hindoo workman renders so indiftf reusable. 

Subordinates ca]>able of relieving the engineer of a portion of 
these labours are not, however, available in India, except to a very 
limited extent On his owueucrgy aud bodily vigonr, therefore, 
are mainly dependent the successful progress of his work — a« 
many a xeaJons officer of the ]\Indras railway has discovered at 
the expense of health. This, however, is an instiinco of the 
abuse of the departmental system. No practical person can doubt 
that« were the energies of the engineer limited to adiatance of half 
the length (or say 10 miles) the cost of the work would vary in the 
same proportion, and it« rate of progress and improved quality, 
iuvemely. 

Ah milw.iy constructioD progrewee in India, the contract system 
of work bectimea yearly more popular, though on a mneh amatlfr 
scale than that usual m other quni-ters of the world. Wealthy 
natives may be always fouud ready to undertake a limited amount 
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of work by contmct; they are, howrever, slow to erabork capital, 
and bavB generally to be amtiiiied with pUiit. Thetr ignonuico 
of BieRhAnfml appliaocps is another bar Agniiutt any very elaborate 
eaaays of this kind. This, indeed, ia a. dis^iuuliHcacton which 
ffmduolly diminishes n.s our workHhops extend their pmotioil 
le))>uMi8; and there is evei'y reasoii to expect that imtive eantractoin 
will jwrfomi tha (greater portion of all future railway contttnictiou 
in luilio. I amy msution that a oomp&ny, composed entirely of 
natives, is at present raielDg a subecription to cocstraot a line of 
Itf miles in length, from Arcooum, ibe junction of the north-weat 
and »outh-we5t lines of thw Madnw railway, tit 0)iijeveram. 
Such an ovidonce of the beneficial tendency of the iatroduction of 
rntUitya into India, towanU developing the dormant capabiliUcfl 
bf iifi people, must be ai gratifying lo the atateuiuui as to the 
phUanthropial 



THK MITNICIPAL ORGANISATION OF PARIS WITH 

REQAIED TO PUBLIC WORKS. 

By G. H. BoasELL. 

( Cvntinwd Jroax jMujt 06. J 

TiiE administration nf the city funds In confided to a aeries nf 
oltiiXTti, who conduct their bnaine^a with tiingatar skill and alten- 
tiub to the ptihlic iutere:jts, though it lunat be eoufetuad that Ihey 
have nllowetl the spirit of reil-tapeisiu, in the conduct of il, to 
gain the asoendaiicy; hut tlipse officers are uol empowered to 
resist the will of the piefect if he should venioro to step beyond 
the limits of his duty. 7'hoy are ouly to discharge their fnoc- 
tion«: they bavo no deliberate voioe, and they mast carry into 
''Ifoct Uie orders that they receive from higher powers than their 
own. There i» no kind of check tipou the fancies or the capriees 
of the Pitfwcl of Paris, in fjicl, and it citinot therefore be a matter 
of Kurpriiii: that ho should hiive hv<-.i\ niiNled itt many cnseR, and 
flhuuld have made the mistnke of eoufounding strnight streets 
with gnnj linaH of of>mniuDicntion, and broad boulevards with 
elfieient mcHnx of ventilation. 

I fear that much of what has been lately exeout«d in Paris, 
especially in tho neighbourhood of the Madeleine and the Pare 
Moncenux, ir^ liable to this repronvh, and certainly it would have 
been lonif brfure the town would have been thus modified, if 
the municipal council had been freely chosen, or if it bad 
correctly repr-eseuted the wishes of the inhahitatits. There is, 
iQOrrOTor, this dauber about the course that our neighbt.iui's hnve 
eotered apun, that they have created a fictitious deroaud for 
labour of the highest and moat ilangerous class^ which they must 
go on Pniployiog; and thus the neeessity of always ciintiuuing 
ih« works at the exptinae of the town, is a constant sonme of 
prAiKJCupation to them. The true remetly to tbia state of things, 
to the danger of the gradual incrosise of tho debt of the city, 
and the creation of the tictitions demand for labour, would be, in 
my opinion, to rextore tn the municipal council some flort of con- 
trol over tho money of which they are suppojicil to rrgulat«i tho 
application. It is to tlie fsoility with which the prefect can 
create a new debt, and the utter abfleuce of control over his pro- 
eeevtiiigs in IhiH matter, that the danj^nr of the present slate of 
aff;iirx in tlie eily tif Paris must bo attributed. 

In the meantime, the reanlts nf the system, in everything that 
relates tn the maiutcnnnoe of the public works and the comfort 
of the oitizen<«, must he uouRidered to be a» nearly perfect as it is 
jKMMlble to mnki* it. Tlie streets are .■4dtuirably kept, their aar' 
face is ndmlrably pnved, iind llieir gutters are wftt^hed and swept 
twice a day, so that every kind of obstmctiou to the flow of water 
in the channeU i.i remove<i with the least possible delny. The 
footpaths are not so well orpanised as the rondwaytt, on account 
of the law which regulate« them; hut this brunch of the munici- 
pal service is uniler a gradual syiitem of change, and ihu cnn- 
sequeuees of this are very apparent in the state ot the footpaths 
of the new streets and bonlevards. The g:ut lighting is very well 
performed under the direction of the town authoritie*', and it is 
carrieil on witli such nn amount of luxury, in the district around 
the I»Qvre and Tuileriea, that in the liue de Rivolt there is a 
gas lamp at the distauoe of every fourteen feet, and in the court- 
yard of the new Louvre tliere is one every twenty feet apart; nor 
can this be considered exceptional, as there ia t)ie same profiisjun 
of light at the Bourse, at all the theatres, on the boulevai'ds, 
the Place de I'Uotel de Ville, &c The service deii eaux et des 
^onta \h very efficiently organised, and though Paris Is still 



subject to the naisance of tho night-carts, it is so in a leas degre 
than formerly, and, at any rate, the inbabitanta of that city can- 
not reproach themselves with the pollution of the river by their 
excreta. The water supply to the town iti conducted, at present, 
on a very contined scale, out much of the inct:>nvenience thus 
created must be atlributeJ to the conditions under which house- 
hold pru]>erty is held in France generally, 'llie city of Paris '• 
is, however, energetically at work to cause the insufficiency of it« 
present supply to cease, which desirable object it is calculated will 
take effect in the course of the next summer. It would not 
euter into my province to notice the superior decency aDd 
cleanliness that are to be observed in the sti^eets of Paris, 
which form so marked a contrast with the sights and scene 
that one is comfwlled to witnes.<t in London; bnt this must strik 
everyheholder, and give him ahigher idea of the muuioipnlorgania 
tionof the former city. There are ample provistouiii luade fur thcJ 
markets, the eattle and the wine tr»de (and the former of these is| 
now to be shortly brought to the immediate neighbourhood of tb4 
town); the factories are under strict superintcudcDOc, and they are 
kept from beoiming nuissnces to the neighbourhood in which they 
may be placed — in fact, the municipal a&imof Paris are managed, 
with a degree of skill tliat must excite our admiration, iu spite t 
the fitcilities that are afforded by the system on which it is based for 
the indulgence of the aeBthetical fancies of theprefect,orof anuch 
more august pentomige. It \* to be fe.irexl, oa has been said, that 
theae will lead the city to great expense, if some check be noi 
soon plnced upou them. Long Hues of streets, and long avenues 
or boulev.irds, cannot be constructed without costing a great stin 
of roonoy; and though it may be desirable to terminate every' 
vista with a building surmounted by a dome, in the style that 
seems to be the fashion iu Paris at present; yet tho question of 
the cost of these improvements must rise up before the luquirer, 
and the cousiderutiou is forced upon him, whether the oircvm- 
Btnnces of the town were, or are, such as to render necessary i 
great an ou tlay as these dnraej«, and the houses nrouud them,*^ 
muHtooMtl That which we should do well to imitate in the 
French system is, the onlcr that prevails In the organisation of 
their services for ensuring the fulfilment of the niuiiici|ml dutie.H; 
thnt whiuh we ought to avoid Is, the manner in which the Prefeut 
ef the Sviirie is allowed to dispoxe of the money of tho taxpayers 
without any real control on their p&rt of the funds eo raiseu, or 
of the works that are undertaken avowedly fnr the pxiblic l>ene6t. 
It may not be in the present day that the evil, M-hich will inevita- 
bly attach it«ulf to the exercise of the irrespousible power of the 
j>rffect, will be fett; it must however, sooner or later, entail 
snch couscquonces as are fearful to contemplate. Aa long as the 
system of irresponsible government ia cou6ded to intelligenki 
and conscientious men, there possibly may not ensue from it iha 
resultit that are to be nppreheuded; but this is always a matter 
of chance, aud the results that would attend the corrupt, or 
even the unintelligent, use of the power eo given must b« evident 
to any one that reasons upon the matter. At prexeut there may 
be questions mistd an to tfie uere^ity, ur the usefulness, of some 
of ihe public iniprcvemcnts executed by the city of Paris; as to 
the eonaequencea of the future development of the 6>'st«m, it is 
to me evident thnt they must result in the embarrassment of th« 
city and the augmeniali'^u of the bui-deua up«m the citixeus. The 
very fjerfectii>u of the organisation of, and the unity of sjitem 
involveil in, the services of the municipality, seem to me only io 
disguise the defects of the system of which they form part, for 
they will allow the working of it to proceed, tilt it will at length 
collapse by the debt in which the prefect, or his snccesaor, will 
involve the town. 

1 have not thought it worth while in thu notice of the munisi- 
pal orgAuisritiou of Paris, to detcrilK- the nmchiiitTV that is put 
in motion for the puriHwe of making the inquiries iuto the 
expe-lieucy of dtsriaririg the works that the prefect miy decide 
upon as Iwiug of the class that would oooie under the law of ex- 
propriation pnitr oauM d^utiliti- \mbiique, Ijecau^ tho notion of 
this miicliinery is very simple, aud it i«i easily made to decide 
according to the wiahe4 of ilinso iu power. The question uf com- 
pensatiou for the pivperty taken is in France, aa iu England, 
very much a ma'ter of clionce; that is to say it depsnda upon tlie 
skill with which the proprietor can make and support the claim 
thac he may think proper to advance; fur there ii» uo rule by 
which the jury em bx the value of the land, or cau ascertain 
the amount of the interest that may be attached to the properties 
or property under coudiiions that may e*cape observ.ition. It 
is, huA-ever, the geueral imprewiou that the comi>ensatiua thai 
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hu geD«rn]Iy boco fi'iveu in the cmki of the uew slreeU aud 

boalerarda has 1>p«d large, nud KUiple for the parpose; au mucli 

ws in fj^ct, thiii the proprietors of laud and huuttCH dctiii-o uow 

to sec thti inipruveuieuttt ctrried uu m their quarter, id the 

hopu of boiiig expropriated in their turn. But tliis is in itself 

an evil, u tfau praprictorH can only necure the high prices 

that thejr expect, nii the condition of the putdic pitying more 

[ for thiir property than il in worth; and the fnct of «<>nit> people 

I fvtting more For their lauil du«« not cuoipeniihte for the injustice 

I that others may be expOMrd to. The ayatvoi in France !■ 

[ fievertheleas so closely like oar own in its csveuiiKl fcutares, 

[that I have not thought it occensary to direct your attention 

to it [tartioulHrly. I have ihouj^ht ihat the municipal organi- 

JMtioD of Pnria, with fill lis strt^nytli, and with all its w«ak- 

tvMi, was a tit eabject fur your cousideraiion ; and as such I 

I heg to recommend it to your careful stody. 



INSTITUTION OK CIVIL ENGINEERS. 

Marfh 7(4.— The Pftpir rwid wm "An AcfouttI of the thniinagt c/ 
Parit," by H. B. HBOKKm-Kor, Amoc. latt. C.G. 

Befor* desoribtnc the mixlem syiitain. dilution was mule to the manner 
in which the draUufje of Uie cnty was eflecled up to the y«ar 180M, whoa 
Ihe subject first roc«ivcd thoruugh investigatton, and after which numerous 
^VQslu were uD'lcrtakfu, tm ibut l>>- the 4><muieai.-L-mctiI of ]ii3'^, thpre was 
[■.total length ot draiiu of iliOVrvub kiiul* uf 'I'^.S^S lu-^trvi, Tlte year 
1 i83S marlccd an iniportaut epoch; for then ttw dreadful ravai^ea uf the 
l^iioleia sbowfiil the abaolntc ttecwsiity for clcanaing and draining the 
lalreeU upon a b«it«r system than ban nn*vinurly prvvaUeil. Au accurate 
lanrvey of the city, both above and Mew gn>nnd, bavuig Uiua uuwic, 
llseeb were takvn, at»d the principal fciiturve uf each i-xi»tuk|{ drain, or 
I •esisa, werv ivourdr'l iu a taWlar fonu. 

As Paris waa nituated wlxilly in tlit> valley of tb« Stine. it was 
||~«ssttmed that tbu drains ebr>u)d empty theicBBlrea int<< that river is far 
posinble, fnUnwin)^ tlte tuidulHtintm uf Ihr ntn^eta in a more er less 
Idircct coune. On the left, or soutiiem, bink, «bcr« Uie city i>ccnplL-d 

. I even and abuu»t U[ibn:<k.en slope, the droirift dischargud dircvUv iiiUi 

Ibe rJTer, independent of cnch uUier, and wilb'xil ounnitinration o{ their 

oJtiinate cunnuctiou, by a Iranverse tcwt-j- p»idifl with the river, as in 

Ae system now is use. The islands of St. Loutu au<j Notro Diuue 

r dipped on each side of a ]r)ii)^itu<liiial ridge cninctdiug with the ccutrv 

fline uf tho river, and ib<;ir siirTaet; wiil«r at oacu etilercd the river, 

by (Iraiiu on each slt'pe. <>n the ri^'bt, or aortht.Tn, bank, there was 

otie slope bordering on the river, down which tho drainage passed into 

f the SeuM, and bt-yuud thin tbire v<-us a ili]) in a northerly direotioD, 

llowards the hnrnk (■( MoiulnioiitAiit. ir tlir- tnw-k '•! the "great drain," 

f •■ li was callul, which received tho draina^je oi all the streets on this 

oortfaBni slope, and which finally icit into the river at ChaiUct, sows 

Artanoe off on the west. The ridt;e of this slope was within the present 

lortlf&aalions, and fr»iu it de»cc:iilL-d aii<itJiersto[>e in anouthum directiun 

aw iQrtng beyond the fortiticutiHtu, but tho drainage uf which oonid, 

it deeiMd dcsirahlo be placed in cunntN-tion with tlie river on the 

wwth of ami beyond Pari*. There wxv thu* five priiicipid divi^irtos, 

ihe left hauk. tbe isles of St. Louis and Nutre iJauit;. tlio ri^lit bank 

sootbemniuet slops, tbe ri^bt bank wrtlicra slope, aixl tba eAtraniural 

slope, 

The Seias was subject to heavy fl/Hidfl, but these wers fortunately rarv, 
■B darinR the ]>aiit two hundred and uixtuvu y^ars there verr^ «rJy nine 
on record. In )ttS!4. the surface of thi' rivt^r rose i>^^ ftKt above its 
erdinary level, lo IKOy, when tlie lii«t fIniMl oi^urred, tbe river only roee 
44 feet aUtTC the level ot tbe diaoharging moutb of the mod<-m drain at 
AsniH«s. Those floods vere more or ksi dlsastrons, suiiieLiiut.->i Uating 
Icniriflen da^. and submexging large areas of the city. Tu check their 
W PO rr e ooe the low partiani dT the strrcta alnnc tlie hankn of tbe river 
wars raise*! attd waile<l m. to a point a^mvo the Influence of II<.k>Js so 
severs •■ that of 165J. TTiPre wcro, however, some parts of the «ty 
still exposed to floods, but tb<>tr effeot« wotild be I«m disastroui, frutn 
the efllciency uf the new draiDfl, which carried off fl!>od water ahnost 
a* MKin a* the river kwl itself oould subside, iaitead cf leaving it to be 
abr^bdd <T i!T»porated. 

Ttw pm^ress of the drainage works might be gathered from this, that 
fmiu the year 1)13!2 to January 1^^? thelrn^bofthsdraina was increased 
from l*i,^03 to 74,505 metres, while tbe new works ia preparation and 
fsnJMteil auioouted to an additional 'iO.uOO metres. 

The pivitkin, cost, and objeot o( tho several drains, with the diflhraltwa 
eneooDterod in tbMr oanstnietion, were then noticed, During^ 1&33, 
thirty-three wnrks wsn oomphrtod, of a total length of 1 6,003 metres, at 
a ra«t ^>^ xbout £5 13«. permetrs. Tbeso included the first drdnexoco led 
liy tutitvcUing, tbe lide walls of which were bttUt in masonry and tbu arch 
ia bvickwork, at a cost of £S per metre. In 1S34, then; wvre twcn^- 
cj^it works, having a leugth of $81& Btetres, and coating £S 17*- 6a. 
per msrtrv. In 18S5, tweoty-two works wsn completed, being of tbo 



hingtb of S713 mtttr««, at a cost «( £$ 13s. 9d. psrinetre. In 1839, new 
drwis wers built in (Ktvi-ral placen, and a sewer was constructed in a 
quicksand, the rate of progress of which was 6 mclrcs per day. 

With reganl to the aeotiotis of the drains, thi^se of tbe old and uf 
the new nyrtema dilTered m two *ieipects, the area of the latter was 
much larger than though not mura e^ctive, and fi<otpaths and rails f(-r 
oarryii^ wsgguns were provided. In the former it wiu arran^td that, 
as far as pnesiLlo. all the tlniiut should hava a cit-ju- b>i),'ht ••( •' fevt, in 
order to insure their bvin^ pnperly c-]f:.<tni>«d. \S'hi>n tliis height could 
not ba given, shaftH were fretjupntly added, to sdlow the widrkmea occasion- 
ally to stand upright. The niiuiiauni inclination of the drains was 1 tu 1000; 
Biinie were much steeper, and in these st«p« bad been intrfduoed In tbe 
inverts, principally at the points of junction with other drains. Up ti> 
the end of I S«;3 there were iu opcrattou 217 mdes of drains, or more than 
four times the length in use iu 1S37- 

As tn the cleansing of the drains, heffire the introduotton uf the 
mt'chnnicnl contrivances now in U-^ie, it wan found necessary to employ 
hand labour, assisted by flushhig, in many of the drains liaving an incUua- 
tiun (if I in 1900, ss that vlope km found to be uuiiffictent tu carry •'flT iu 
sns|ieusioa the itulid ninlcrialB of the drainage. In the smaller drains, 
rakes ur scruiKTS uf wood, cut to the contour of the Invert, wore workeil 
baokwanU and forwards, untU the mud was drawn to a shaft, through 
which it was lifted. In the larger ones the brush and rake were stdl 
made use of, aidcl by t1ui>htn^*. Frum 1>uih banks, and from tbs 
central islands, all -the untlets poured direct into tbs riv(.-r, and »t 
the end of 18:^7, there were |>rohabty forty important outlets. Now, 
with thmi exoeptiona, all the discharging mnuths bad been abandnneU, 
and longitudinal draliia, parallel with the river, had been sulntituted. 
Theee finally discharged into the Seine at two pUces, une within ami 
the other beynod tlie limits of tbe oXy. 

A descriptimi was tbeu given, shtrwing the manner in whiidi both 
thehousebuld and the rain water was di>>[Kisnl of. Ni^hl mil, it was 
icnuu-ked, hml nu connectml whatevt^r with tli« drains, vxoejit in ODs 
case. Most of tJie honses in Paris were built in blocks, with a eentral 
court-yard oriiituion to alt, in which there was usuaUr a cesspool for 
ivoeiviog the soil, whence it was removed at intervals. A new plan 
was now under trial in a few phwcs, chiefly at bamcks. This con- 
sisted in leading tbe nijjht soil uito cylinders perforated with fins hulsa. 
which alluweil the liquid jiortion to rise in an outer vyltndnr, while 
retaining the solid matter within. The liquid portinn was drawn off 
daily, and Uie internal eyUnder was emptie*! as required. In all litses 
tbe nit;ht noil was carted away from Uie dty, and was deposited ia 
appoLnted phkces. A large quantity was oonvertcd into manure, at 
deodoriaing wfirks, but only what found a ready sale was thus operated 
opnn, BO that nutcb still went to waste. 

The tiu<thod of cluausing and the appUauoea to eflect it were nctt 
noticed. SevFral of the main ilrains were composed of two principal 
parte, uf which the lower, or water-way proper, formed but a small 
pruportion of tbe entire sectional area. Those draina wbicb had nu 
separate water-way ware cleansed by haml. The waterway, wbeu form- 
ing a dixtiuct part of the work, wsa of three standard nixes, all cleansed 
on one princ-i[4e, but by applianoea difl'ering in detail. One was bj a 
cleansing ho.-it furnished «ith a w'laper at the bow, which nearly fined 
the section, and was capable of motion in a vertical are. This scraper 
formed a dam. and the water riiun-4 I»>^hind it afTurded a motive power. 
which pushed the boat forwani, carryiiifr the mud with it. This scraper 
of cuurM rNjuired connLant luljustuieiit; and insteail of Ix-uig a solid 
disc, it was pmvidrd with three openings, the mntral one uf which wsa 
alwsys open. whUe the othen were fitted with nliding shutters. A 
simple arraiigcaieut at the stem of tbe boat kept it true to the axis »f 
the ciuvoneb Under the most fikvourableoireumstonoes it »cldom happenetl 
that a length of more than 8W metres could be thorv>\i^hly cleansed in 
ond day, owing to the oeoefxily of going over some plaues several times. 
Some of the drains were cleAnsed by means of a small truck, used with 
apparatus like that r.f thc< l<i)aU. 

Iu order to provide fur the safety of tbo workmen, \a tbe event o* 
their lieing overtaken by a Midikn rise of water above its normal level. 
Btdf-ty chunbem bad been boilt in the 10061^ which were reached by ripen- 
iutfs in the aide walls of the drains. In June, 1 .S£5. the wat«:r tx.»t in the 
ontfall drain on the rii;ht hank of tbe liV'inp to a height of 4 ft. 11 in. nliu%-e 
the level of tbe side footpaths, and in that on the left bonk tbe water nwe 
to 7 feet above tbe same level. Since then, many overflow wrirs IumI 
beisn built along these main outfall draina, so sa to carry off the surplus 
water after it lisd risen above the foutpaihs. 

One leading feature of these works a-as the absenoo off small pipes, 
BO constantly used in England; tbe smallest sectinu ever huitt, under 
either the idd or the modem system, being S ft. 6 in. in height, by 
2 ft. 3 in. in width at the springing of the loof. As only a smaO portiftu 
of the t«)tal area wu occupied by the waterway nroMr, the modem tdao 
appeared to be very extravagant In ods cass, the tarfe space sacriDoed 
fur two watrr mains was instanced. Aaothn source of heavy outlay 
arose from this circnmstaocc: It might have been supposed, that one drain 
of the pmrailing largo sises would fnlly satisfy the requirements of one 
Btrest. This, however, was cot so, A recent Act ci^>mpellcd all buuse- 
holden to bttUd, at their own cost, private branches in communtcatiau 
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witli the sti««t dnun: ui<], &ppftr«ntly irith % vi«w of reilactng (ha 
firoMura of thiB A(H, it bod been eBtahlii^eH that in all new ntreBti h&Tintf 
B WKidi of 72 feet, th« City CommUadooetB dwuld buibl a drain im oa(£ 
■iili- iif Uto strevt, an aa to ehanea Uu len^h of snuuvcrae dnunafie. 
TIkml- ilmiiia wuuld be under tbe paveatenU, aud the efluct i>f tliia Aut 
U|'-iii ^hf* houaehuldori would than bo tcaroely folt. During tba eariy 
pAj-t oi I!^l!4, wlt«n tlu) author waa in Paiu, fas noticed tb« npid pro^rea 
uf ttr\K' works in Mverel |uu^ of tbe cicy; but in Uieao no pmvujon 
n|>Tirared to Se ma<le for tbo branch rlrainii, which it tnisht naturally be 
nttpt><>*>»l wiiuld tie pTTioooiwl wit]) Biuiuluuwuualy witli tlie uutiii droimi, 
U) Hviiid tlic uxjtvujw and ineonreaicooi; of ojicuinj; the (;njutid a accuud 
titw, 

Tlw* velocity of Ui« current in the 8t>ine was not Ritf&oi«Dt to oarry off 
tbe hoikvv matter tlisohan^d frou tbe diains; ouuequcntly mud acciUQU- 
latMt ill ihc riferhed, which wm cleared by dredging, at an annual oost 
of ilM'^uii. bcdn^; at tbe rate of (en pence to one thlllin^ per cubic metre. 
TbeiiitunUruariou of the syitem woi moot exnetuivu, iuTolvixig on outlay, 
duritii; a nioent y«tar, of about £S0,000. With rrajject to tLu druimt lU 
wrirk. tbe author stated, sa tiie reeult of Mveral wrBonal toipectioai, that 
there WM a oomplute absence of unpleasaot suieU. 

TIk-- uiateriala tiaed in the CMuatruotiou of tbe works of the old system 
werv. u n>ut;h twuloiu nibble pbutered, — a supuriur kind o^ursol— aud 
•ehl^T, dutifly for tbe invert*. Cooereto wu frequently emplnyed in the 
foundatiiins, as it wiw now; but tbo Hclcction of lime for the inaaoury 
wan fiimt^rly ont cotuidcrod iniportant. At prvmnt, ik ouursa ^tty 
saiMl'^tnne wAJt extenfliv«ly tifw^l, set in ramloni nibble fnshion. tbe stoue 
f^nniiiiitf p*tIi»p» not tnvire t)i*iQ 40 per cent, of the wurk, the staple 
nuttcrial U-ing mortar. 'I*h» aand for tliis loorlar was ooane and nu« 
bu^-Llier, Kf) tidien From the pit; the result bajn|; a conorete rather than 
a m< irtar, wliirii wa« employed in a dry Htiff Hta£«. The work rMivartbeU^M 
was strong, attributable, it wu believed, to good hydraulic liuic being 
eaiployc«L Within the la^t tliree Y«»n a now building niiLtorial, con- 
oretc, ur b^tvu 'Coiguet,' had Ikcu inlnnluued, the luo of which luU 
■Ireaily bven found to bo satisfactory. This coucrete waa coini^'Mxl of 
■aihl, ar ballast, flrodgurl fnuu the Kciue, mixed with hydraulic lime 
and Roman ornwnt, Tbe o^mcnt was r«iutr»d to weigh 'Ji>>^0 lb. to 
3l'>" U». j>er eiihio metro. This i^nQcrvte cist A*t \2t. per cubic niclre in 
punitioa in tbe drains, but tbe variutim of the mixture caused thi< price to 
Eut-tiiattf hetwn.'^ii £1 Ui £2 it. [k-t metre. Tlie uitxle of btiiiding with 
thiH materiiil was described in deLkil. 

In (conclusion, the author gave a scb«<)u1e t4 Uie rates paid for masoDry, 
and of the prcvading prices of the miitoriaU used in the rrmstruutiiin nf 
tbe works; and oflerud bin ackiinwloi laments t/f M. I^I^riUid. the 
cngiDear-in-chiL-f. for oourtc(»iiaIy plaeiiig ot his disposal all the recorda 
MUMcted with the works, as well as for alluwiug bim iteiiuisHioa to 
ktipect theiD. 



Mnreh H,— The Paper rwad was " On the Mttrtypoiiin-n Synfem of 
Drainni/e, and thr /nlrrce[>iion of ihe Seuwjt /rum IJ>€ Jtircr Thama," 
by J. W. BAXAijnrrTF, M. Tntrt. C.E. 

Before prooeeding U> dt-scriU; the modem works fur the <lrainage of 
LoodoD, which, oven priur t«t tlio intnxlwifoii of th« improved xyiitem. 
wan probably the best draine^l oity of tbe present age. the umtlmr glaoL-cd 
at the early history of its stwiiraflc. The n^inuttti i.f the ancitnt West- 
uiuster ConniUs&ionere of -S^wits ci-utainud ri.HMnU of peculiar intcmtt; 
showing, amongst other lliiiigfi, tlkat iuipruvemcnLs for draioogu were 
effected uiiilvr the luivicu otiil inntruL-tionsof Sir CbrJEtophi-r Wren, nearly 
two hundred yi^trs ago, and tiuit tbe a-itnuusnuim'Tv of M^wer« in thr- n-ign 
of Chorb'H II , and subRMpmntly intvrfercil to rcgubtti the pn>i;eb<tings 
for the dminage of the lUiyal Palace in St. Jame«*s-park. Nkelcliea 
attached U* tha jm-fict rtpivitavyl the couditioQ ami apiHarsDCC uf some 
of the main viUley linen,— aa the lUet Sfwcr, the Tv« Bourns and the 
HayKWatcr limi'k Iikiw called the Uaui^Iogli Ht^wi^ri, and tbe King's 
S(^«)ar~B Poinl .'xwwr, — takfu fnim actual «un*yK in l"*0». Up to ahtjuc 
the year 1815, it wa* penal to diwhorgp iwwagi' or other offensive matter* 
into til** eewero; oeenptiflji w^rt^ regaj-iled n« th« pi*<<|ier reoeptadea For 
hoUNL- drainage, and tiewers im the legltlinuUi chaim<jLi for oarrjing off the 
Arface water* only. As tbe |HjpuUtiun of London incroosed, its itubmil 
bMame tliiekly iiluddud with c«iik))<-i|ii, improved bnusehold appliances 
Were introdn^id^ and, it having becirmo permisuvc, nrcrflnw drains from 
tlie cenpotiis to tbo Fewwr* wirri? cunrtructed; thus the aewens becnme 
poSnted, and covered brifilc ehariielM were neowwiuily substituted fur 
exiHtiug open stiwfinw. Iliese work*, prior to th« year 1h47, when tha 
Ant Act wu bbtainf.-*! iiu»ktng it n^iupuls'iry to drain bouses into aewen*, 
being nnder llie din-ctiun nf uigbtdintinet coiiimiadona, each nppointiag ita 
own offiuors, were not ruiuttntctoil ti^tor) n uniform Byvtem: and the ein«, 
shapes, and leveht uf the fft-wers at the bnandarieM of the difierenC 
diatnct« were oft<.m verv variable. Larger eeweis wrre ina<Ie Ui 
discharge int«t Huiii.Uer ones, sewers with upright sides and cimilar 
erowna and iuverbi were connec-te dwith egg-i*bap<Hl scwcm, or 
liiu httbcr with Uie narrow port uppormost vri-n cnnnecte*! witll 
MBular sewers having the smaller [lort dcwnwnrds. In the year 
1847f these eight oommluion* were sup<'r«e>le>^ by the MctT«^potitan 
Co *. ki«rt<>a of Sewerv, whose membci* were nominated bv the 
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gnTemmeat. The oommisriaii direoted ita eocrgiea raatiuy to tke 
introdnction of f>ipe aewen of small dimensions in lien of the lar|te brick 
BCwcrs previously in vogue, to the abolitiaa of Maspoola. aad to th* 

divenioQ of all bouse drainage, by direct oommunicMiona into the sewer*, 
making the adoption of the new system of drainage oumpulwiry; so thai, 
withina period nf about six years, thirty thousand cesspoiuswercaboliAhcd. 
and all house and street refuse wu turned into the rirer, Similar systems 
were, about the same period, to a large extent adopte^l in tbti pr^^viiiciol 
towns, by which means their drainage had been much improved, but the 
rivers aod stroams of thia country bad been seriously polluted. Within 
nine yeitn^ the MetropuUtuii (.'iimmii>siuiis of Sewers wwi followed V>y 
six new and differvntly oooatituted comiuiiwions, whose labours were dnhr 
leeoided; but they wen unable ilnring the limited period of their 
exisbenoe to mattirB and carry out works of any inagnitnde. However, 
the subject of the ptm6c«tion of tbe lluunos, then beooming full of sewage, 
t«ceiTe<d much oonaideratioD; and tJie late Mr. K. Stephenson, Mr. Rencfel, 
and Sir W. Cuhitt, who wen membors of tlie third (»immijiHi(in. reported 
upon one butidrud and tiixteen onnapeting phuiK, having that object in 
new, arriving at the onclusion, tiiat [tone were Buch as could be 
recommended for execution. In 1850, tbe Ute Mr, Frank Forster waa 
appointed chief engineer of the ooomiiixiion, and, under bis dinn:tJon, 
Messrs. Grant and Creasy commenoed the prepamtian of a pbui for tha 
iuteroeption of tlie sewage ol the area south ot tlie river, ami, Mr. Haywood, 
engineer to tlie City C'ommiiNdoners of Sewens, asaisted Mr. Forster in 
making a sitnilar pUm for the districts on tbe north side. To 1H52, the 
fifth cnrnmisx^on wa» ismed, and the anthor became the cliicf engineer on 
tbe death nf Mr. Korstec. 'IVo years later, tbo author whs dirvcted to 
prcparu a sch'-'mt of iutercepllng se»-crs, intended b) elfeet tbe iinproveil 
main draittaf^t- of London, and Mr. Haywiiod was aeiuimatffxl with liiin fi)r 
lh« niirtheni |n>rtion, Tlie plaii R<>prepar«<l 8ul>se<[oenlly nxieiveci tbe 
appr«>v,il of t})e late Mr. R. Stepbeiuuu and Sir W. Cabitt, and waa 
recommended for luJoption. 

IiL tbe year I S.iiJ. liie pivseut MetropolilAo B<iard of Works was formed, 
— being the tirst apiilloution, in the metropolis, of the xyitbem of local 
sclf-t;"vcrmD«iit. Thi3 author, ha\-ing licen appointed engineer to the 
IiokhI, w.t« instructed t.i |)repiirc a pl^n for the ro^dn drainage, in which 
it WAi* «iwi;Tiii.:d tliat ample means uliould lie pn^vidcd for the discbsrge uf 
the large and increasing water supply conitequeiit on tbe nntveiul 
attopti'Mi of chiflule, and nf the onlmary r»inlaU and surface drainage &t 
all times, except during extniordiiiary fl<K>dti; and that it sbrndd aflortl 
to the loM -lying dJHlrict^ .i eulHciently deep outfall to allow of every house 
being pfTectiijUly i>dieved of its fluid tfifuae. The objects mugbt to be 
ntWiicd by th'-*e wi.rks, now pnu^icolly complete and in operation, weva 
tlte intereeption, as for as pnbcticiible by gravitation, of tbe sowagtt, 
tngi'iber with no omeh uf llie rain fall mixed with it as could tje reaaun- 
altly deidt wilh, iH> on tu divert it from thtt rivta- near T^indoii; the 
sulj^litution of a uoiiMtant instead of an intenuitlunt flow in the eewers; 
the aliolitton of sLignont and tide-locke<] severs with tli>^ir subsequent 
accumulations of deposit; and the pro^'ision of deep and impi-oved outfoUs, 
f'irthefXloiieionofi»«w<-nigeint"diBtrielapreviouNty forwanlofsuohoutfalls, 
imperfeoUy drain(^d. Prior to tlieao worits being uuderlaken, Uie London 
mom sewers fell into thu valK-y of the Thamew, and the acwage was 
discharued ^into the river at the tJmu of low water. In the sj-stom now 
ailopte'l, it had been sought to rumove the evils thus created, by tbe 
constrtirtiitn of new lineB of sewem, at right angle* to the existing sewers, 
and a little Mow their levels, so as to intercept tbeir cont«nto nnd convey 
them U) an outfiiU 1 4 miles below LoDdon-briilgt-. As large a pruportioii 
of the sewage as practicable was thus carried away by gravitation, and 
for tlic remainder a coniitant discharge was efTeoleit by ptituping. At 
the outlets the suwage was deUvired iulo reservnim on tbe banks of the 
T1ullne^ placed at luch a level as would «nabl« them to dieobarge into 
the river at or about tbe time of high water. By this amuigeiiwut. the 
sewage was not only nt vacc diluted by the large volume of water at high 
tide; but it was also carriol bv the ebb to a pouit 26 miles below London- 
bridge, ami ittt rvluni by the following flood tide within the motrop<4itan 
oren whb effectually pn*vpnted, 

Tbe points wliicli reifuirtxl s<dution at the tbresbotd of tbe inquiry, then 
sacceasivcly noticed, were: — 

1. At what state of the CJde oould the sewage he discliarged into the 
river so us not to rduru within the more deusoly inhahiu.il portiou of the 
metr<i|xdiii; 

2. What was the minimum fall which shnuld be given to the mter* 
ccptiug wwcru; 

:i. What wiu tlio i-|uantity of sewu^e to bo intercvptcd, and did it pasa 
off in a uniform flow at all hours of the day ami night, ur iu what 
manner; 

4. Wm the rainfall to be mixed inth the sewage, in what manner and 
(luantitieti did it flow into tbe sewers, and was it also U> bo comod off in 
tJie intercifpting sewers, or how was it to be prrfvidod for; 

5. IluTlng n^gard to alt thcw^ poinu. Iiow were the nxea of tbe inter- 
cepting and main draiiuigo sewen to be detennined: and 

6. What description of pumping enginen and pumpa were bast niHed 
for lifting tlie sewa^ of London at tbe pumping vtatiooa. 

As regartled the position nf the oatfalb and the time of discharge, ao 
extract was given (rum the nport of the late Mr. Robert Stepbwiwni and 
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^ WnUttn OubHt, tinted tlw llth Deoember. 1^54, referring to a Mrloa 

tW uperiniento tninie with a ftost, by tbc Ute Mr. Fraak Fonter, sad 

IntiMnnently repeated bj Onptoui BuntUl, R.X., and tbc author, which 

|,tor»v«a that it waa BRwiitial to ^o as fnr an Rarkin||('Crf«k, and that the 

|2iaclMrge aboiilfl take placo at nr ni^ar In hi{fh water. Theitc oxperimonta 

t tleiiKHiatrat«<i, that * the delivery »( the newa)^ at high n-aler into the 

[fmr ai any point is equivaloat to Ite diechari^ at low water at a j>oiDt 

[itnuln lomrdown thts river; th«rr«fai« the conttrnction of I'A milea of 

|ww«r i* saved, by dachargiog the sewage at high ii»t«ad of at low water. 

I With r««pect to the velocity »f flow atid ihtt miniiuiiin fall, it wu 

L^ffltcult to lay down any gennal nilo. Itecatuie the oonditioi) of fwtwen, aa 

I tb* quantity of depout and the rniunie of sewage. Taried ooDodermbly; 

ttbt i«su1ts arrived at by Mr. Witlcsteed. Mr. Beardmore, Mi. John 

and Profouor Robboa wore quoted, in ooofinnatiuD of the 

|«nthor's own obserratjona and ftvparianoe, wfaicii led him to regani a tnt^aa 

I Velocity of 1^ rollei per fconr, in a prnp?rir pmteetfld main aewor, when 

Itunnitig half f'llh as mfflcient. tapeciAlly wh«ii tha contente had prvrioualy 

JpsMed through a pumphig atatton. Uavinc thus det«rminad the mini- 

iviam velocitv, it bcvamo ni^iessary to ascertain the quantity of sewage to 

fht carrwd oV, befor« the faX\ retjuisite to pnxluoe that velocity oniud bo 

Witinsti iH That quantity varied but liMlu from th« n-at«r iupply; aiwl 

M il WM ooDtenpUted that 'Al\ gallons ptir hriul per ditim might 

"he supplied to a district, of average denuty of piipulatir>n, containing 

l*),0O0 pci>pU> U> the eqiiaro mile, except in ontlymg districts, wb«w the 

Bnmbfr of iidialiitaiib) was n-ckoneil at 20,000 per iquarc mile; and M 

actual meuiiremnnt ahovrtil that pn>visiiiu for oiiu-h^lf of th(f eewngc to 

flow riff within til hours of tb« day wottld !><■ aiugiW, the maximum 

ntity of lewftge likely hereafter to enter the auwors at variims parti of 

I metropolui had been arrive'i at. 

It had been ndvncatcd, by theorists, that the raiiirall should not ba 

owed to flow off with the sewage, bat be dealt with by a separate system 

ftewers. This wnutd have involved a double set of druns to every 

, aod the conntniction and tnaintcnanco of a sevimd Hcrtoa of sewers 

^fc everr street, at nn exponditunt of fmm ten to twelve millioru sterling. 

at the fra^t, besides tbu iaoon\>^nienoe. Obeervations of the qaanUty of 

run falling on the UKtrupoIis trithln short periods showed that, on an 

■Bge of sevenl yoan, wbila there were about oue hundred and fifty- 

» days per annum on which rain fell, then wpto only about twenty- 

ve days upon which the rpinnbity amountMl tu j of an inah in depth in 

['ftv«nty-foar houn, nr l-iotnh part nf an inch per hour if spread over an 

Itntire day. Of such rainfalls a large proportion was evs^tontt^l or 

bed, and t-ithir did not paw through the sewera, or did not 

them until long after the rain had ceased; fur it wax shown, 

tthe report of Mr. Bidilor. Mr. Hawfklcy.and tbo author, in 1S58. 

at altboui^h the variatioiii nf ntuiiMph<Drio phenomena were ton 

, to allow any philoflophical i>r<'iiorti'>na to be eatablisbod between 

niniali and the wwt-r Huw, y^t, ok a rule nf avarage«, ^ of 

1 fadl of rainfaU wnuld not contributo more tbnn ^ of au inch to 

n<ir a fall of .,^ of an inch mon than \ of an inch. 

PSbon were, however, in almost every year, exceptional caaes of heavy 

•od Ti(dent rain-atorms, which had measured one inch, and ttnmotimes hVfo 

two incbet in an hour. Bui it had hent enraiiifiTfMl prohahk, that if the 

I •ewere wi>re mail*' capable of carrying 'jfT, during the nix hours of the 

f maximum flow (,f thi> MWa^e, il rainfall not exi^ecding { of an inch in 

' Iwvnty-fnur hoore <in more than twerity-fi^f days In a y*:ar, tliere wiinid 

Dnt be mttrv than twelve ilayti iu the year in which the ttewnni would be 

oven:hikrxc<i. and then only for nliort (leriods during suoh days. The 

rar« and uxocssive thundcrati mnA had been provided for, by the oou- 

atracti'tn of overflow wu-ira at tlie junctions of th« intcrcuptmg sewers 

T. ' ' V I bin ralh-y lines, which woald act as safety valves in times of 

r II the Rurplus waters wnuld he largely diluted, and, after the 

. ii,- , - , ; 1.^ sowers were filled, would flow over the weirs, and by their 

I erlgitial channels into tht^ Thames. 

I Having ihui ascertaiue'.l the miantities of sewage and of rainfall to be 
Iraarrie^t uff, and the rate of declivity of the lewer as Umiled only by 
iBonsidemtians vt the necpwary vehwity of flow, ths siws of the int«n«pt. 
Iltig sowtni wi'po n-adi]y determioMl by the formuhe of Pniny, Fytelwem, 
(ud Uu Uuat. and the dminago sewers by the niieful formula of Mr. 
vluley, which it was said, in the rsportof the Into Mr. U, Stephenson 
I Bu" W. Cubitt, already refBtrwl to. wure "appUuabte to almost 
variety of ronditiun which the complete drainage of huge t4>wns 

In Kfard to the sixth and Inst head of Inquiry, In 18S9, numerous 
petlng dodigns, involving tbo ctmiparative advantages of Ct>mjsh {ir 
uve engine*, aod the reapeotive merits of centrifugal and norew pumpH, 
. {ium(«, lifting bucket wheels, flash wheels, and every vnriutv of 

jQ or plunger pump and pump valve for raising the metropolitan 

•wags, wmv rvported upon by Messrs. 8t«pbeason, Field. P«m, Hawks- 
toy, 6iddf-r, ann the autlior. Baaed upon the reuvmtiiHudatiouii oontained 
Ifclthat rei>-irt, condensed doubV-^acting rotative bcnia engines, aitd plunger 
rimin pump* bad been adapted; Uie aewage being dii)th&rge<l from the 
through a series of hanging vkItg*. The contracton for the 
I at CmwneHM and at .\bliey-milla, hod gnarnoteed that they should 
I wnriiing, mise tiO mSh'oti p^mndit i>uu foot high, with one uwt. of 
f«l^ooal. 



It had already been state<J, that a primary object Boog^i to be attained 
by thrve works was, the removal of as much of the sewage at passible by 
gru^-itation, so aa to ivduco the amo\mt of pomping to a minimum, tv 
efiect this, three lines of sewers had been oonttmoted on cavfa side nf lb* 
river, termed rexpeclively the Hi^h-level, the Middle-level, aod the 
Low-level. The High and the Middlo-levnl sewers on both aidOB 
discharged by gravitation, but for the two Low-level sewen the aid of 
pumping was necessary. The three line* of sewera north of tiM Thane* 
oooverged to and were nnlted at Abbey-mills, east of London, where the 
oootanta of the Law-level sewer would bu pumped into ihe Upper-level 
■ewer; the aggregAte stream would Uumce Bow throw the Northern 
Ontfeil Sawer, which was canieil in a oonorete embankmest acroec the 
mamhee to Barking-creelE, where the sewage was discharged into the 
river by uravitation. On the south side, the three intercepting line* 
united at iVptfnrd-oreek, and tbe ooutents of the Low-level eewer were 
there tnnnpen to the Uwer-level, whence the three atreams would flow In 
one cuaanel through Woolwich to Ooesnesa-point In Fr [h-marabe*. 
Here the whole mass of tbe sewage could flow into the Triiimeti at kiw 
water, but would ordinarily be rfti«e<l bv pumpini; into the iv)>c<r\'oir. 

As the interoepting sewera carried ok only 1-luOth part of an inch of 
run in an hour, aii<l tlie volume of eewage paasing thmugh them waa at 
all tim«i< coiisiilorahle, the flow through thcM (wwere was more uiuform 
than in drainage sewers conHtracted to oan^ off heavy rainstorms. Tbe 
form, therefore, generally adopted for the interoepting i>i.'wer8 wm 
circular, as onmbining the greatest strength and Rapacity with the 
amalkut aiuounl of brickwork and the least cost. In tbe miniir bnuM^ww. 
for dbtrict lirainage, the egg-shapiNi sewer, with tbe narrow port 
dowtiwanis. wu preferable; because the dry weather flow of the sewage 
being %'cry small, the greatest hydraulic mean depth, conseqnently the 
greatest veUtcity of flow and Kuuring power waa obtained liy that eectloii 
in the bottum ot the sewer, at the period when it was most required; and 
tbe broader section at the u[^r part allowed room for tbe peiisKge of 
the atonn walen, a« also of tbe workmen engaged in repairing and 
cleansing these smaller seweie. 

A more detailed description w.tB then given of tbe several workl. 
and of some of tbe peoulmritics or difficulties met with during their 
oonstruction 

Ob the north ni\f- of the Thames the High-level sewer varied in site 
from 4 feet in dinmetfr to U ft B id. by I'i feet. Its fall was rapid, 
ranging at the upper end from 1 in 71 to I in S74, and at the lower end 
from 4 to 5 feet per mile. In its construction, much house iiropcrty was 
aueoeasfuUy tunnelled under at Hactmey. Ad^cnuing the railway station, 
a house was underpinned and placed upoa iron girders, and the sewer, 
being there 9 ft. 3 in. in diameter, was carried thmugh the cellar. Hits 
newer also passed under Sir George I>uck<!it'« Cauol; tbe distance between 
the snfflt of tbe arch of the sewer and the wat^r in the canal being only 
S4 inches. The hottnm of liia canal and tbe top of tbe sewer vrere hers 
formed of iron girdors oud ulateH. with a thin c<iating of puddle, and no 
leakage had talc>-n place. Hie Penstock and Weir Chamber, at the 
junction of the High and Mid<Ue-IeveI aeweni at Old Ford, Bow, placed 
three-fourth* of tlte northern Bpwage (.vi<mpletely under command. It was 
built in Iirirkwork, was 150 feet in length by 40 feet in breadth, auflwaa, 
in places, 30 feet in hpight. The principal tlifficuUieii in tbe proeecution 
nf tht»e workd arone from conibimttions aiid ntrikes amongst the workmen, 
and almig-vtiutinued wetw-ason jtreveDting tbe inanafacture of briclci; •• 
well as from the great increase in lix (nices of building materials and of 
lalniur. 

The Middle-level sewer was carried aa near the Thames aa tbe contour 
of the ground would permit, ao as Ui limit the law leveJ area, which waa 
di'i)endent upon pum;iing, to a uiiniiuum. Tbe district intercepted by 
this aewer wa<4 17^ square miles in extent, and was densely intiabitecL 
The length of tbu main line was about 9^ niUes, and of the Piccadilly 
branch 2 miloe. The fall of the main line varied from 1 74 leek per mile 
at the upper end to 2 feet per mile at tb« lower end. Tbe riica of this 
•ewer ranged from 4 ft. 6 in. by 3 feet, to lu ft. 6 in. in diunetcr, and 
lastly to 9 ft. 6 in. by IS feet at the outlet. About 4 miles of the main 
line, and tli« wlmfrt of tlie F-Sfxiulilly lininch, were nonatnicted bv 
tunnelling under the streets, at deptha var>ing from 30 to CO reel. Thfi 
aewcr was formed mostly in tbe London clay, hut to tbe east of 
Shorvditch the ^lund was gravid. During the eswnition uf the wnrka 
und«r Uie Hrgent's- canal the wat«r burst in; but by eticloeiug one-half 
of the width of tbe tunnel at a tJmc within a cofbr-dam. and tbes by 
open cutting, the sower was anbsequently completed. The Middle-lerel 
Bower was carric"! over the Metropi-tli tan- railway, bv 'a wrought-iroo 
aqueduct 150 fi.-«t span, weighiog 24<i tons. Tlie tlepih between the 
uiuienide of the aqueduct and tbe inverts of tbe double line nf sewcn 
waa only 2\ inches; and as tbe traffic of tbe railway oonld not he stopped 
during tbr' c<in»truotion wf the Miuetitict, which waa darigne«l to be only a 
lev inches abiive the engine nnimneys, tbe stnictnre was built upon a 
stage at a height of fi feet above its intended level, and was afterwards 
towered into its place by hydraulic ranu. The sewera wi!t« liere formed 
nf wrougbt-iron platea. rivetted together. The Middle-level iwwer was 
pr^vidm] with wulra, or storm overHows, at its various jundions with all 
the ninjn vullcy Hdhs. 

Tbe length of the main line of tbe lx>w-level scwcr waa SJ miles, and 
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iU brsncbOi w«re nlxiiit 4 miles in lenglli. Ita aise viqned from fi ft. 9 in. 
tn 1 f t. S in. ID ili«a)et«r, uitl itn iiiuliiiAtinn rangot] from 2 to 3 feet per 
wUe; it wan provided with stono nverBowv into tlu rivor. As well M 
bftiog the iuteroepling sewBr for the low lovul anm, whtdi contatMd 
11 Bquare miW, it wu the nuiii outlet for tli« drainage of the w«itern 
mburb »f Londun. a ilutanoe of abuut Uj iqusra milai, which wm io 
low that iU aaw^zf^ bad lu be lift«tl at Chelsaa, a hHgbt of 17 ( feet, 
into the up|>vr mi.l -if the Low-level Bewor. It waa originally uitenJed U> 
daoduriaa or utilise the iewa(^ of the western diriaion in \U ova aeighboar- 
bood, lather th!»n to incur the hi»vy coat of cooveying it to fiarkinj. an.1 
lifting it twioe on ita route to that phtoe. But »lront,' obj^ctioiu haviu^ 
been raiaed to ihiar the latter and more engHy plan had been adopUid. 
The worka of this dtviaioo w«ra executed mainly through gntvel chargred 
wth auch Uise volume* of wator, that it was neoeeaftry to lay atoaewara 
^pea undar t£« inverta of the aowon, to Iowct th»< w»t«r in the (p-ouui, 
■Dd to convey it to numaroua ateaai puiupa, before the aewaia could be 
buiJt. 

The .Northern Outfall sewer waa a work of peculiar oonitraction; foTf 
unlike ordiuarr aewera, it waa raiaed ahnve the level of the ii\irr<itinding 
Mighbourfaond [n an erobankmeot, which waa of uufUcicnt atrvn^jth lo 
cury a roadway, or a nuIWKT, on tha top, aliould it ever lie requirwl t/i do 
eo, aa waa not improbable. Rivera, railwayi, stnwta, and rooda, ou the line 
of thla BcvrcT, were cc oaae d by aqueducia. The North Woolwich and 
the BarliioK nulwaya wvra lowered to enable the sewer t-? pasaover them; 
for the acwer, being reduced to a minimum uoitorm fall of 3 feet per 
mile, oould not be raided or depreaacd Ukv a nulway, to aooommodate ita 
levele to tU«<« of provioualy ejtiiiUng worka. Tliia coturtituled one of tbo 
chief diffiooltiee in tayinx out the (Jutfjdl sower, for t}ie diairict waa 
alraaiiy cloaely inUniecbed by public worka. 

'Hie Barkiiafir-reMrvoir had an a^'oriv^'o depth of Iti] foot and waa 
di%-idnl by ptu-tition walla, into four ooipartmcuta, coverioj^ together aa 
ftffeolive arpA nf nhout 94 *cieii. The gn>und over which it waa built. 
being unfit to auatain the itiiictmv, the foiuidatiooit of thv pieni and waUa 
wore carried down in concivt* to a depth of nearly 20 f«*t. Thm uru-nuU 
and partition walls wi'ra of brickwork, and the entire arm was ceveretl 
by bnok archea Auppiirtixl upon brick piers, the tloor bejo^ pared tlirougb- 
out with York atone. 

The Abbey Milla pumping station,— the lan^t of ilm kind uo the 
Main Drainage Works, — was fu^uiBht^d with enginaa of IH<l collective 
B.r., for the purpoee of lifting a maximum (junntity of sewage and 
rainfall of I5.0UO outnc feet per minute, a ht^bt of 50 f««t. Thia aUtion 
alone would ooonnme about ]^7U0 tons ofconi pernmium: buttbccoatof 
pumping waa not entirely in exccw of former expeuditure upon the 
• dmnage; for the removal of the dupomt from the tide-looked and ataioiant 
eeweti hi Londou previously led to on anntul outlay of about 4;S0,U0(>. 
The aubetitntion of a cooatatit tiow thmugh the aewers, now rend'>red 
piMKihW, miint rtHrcKSiirily largely reduce ^ deposit, and coaaei^uently 
the sxiwaie fif c;I(>&tising. 

On tho south side of thsThamea. the High-level aewnrand ita ft>uthern 
brauoh, oorr«sp'm'iiug with thu High ami Middhs-levttl sewen on tlie 
north side of the river, together draiiutd nii xthk of about 20 square mileg. 
Both linea wen of aufBdent capacity (•> carry off the d< 'ud watem, ao that 
they might be ontircly intercepted froiti the low and thickly -inhabited 
diatrict, which wan tido-lookoil uDd subject to floods. The main-lioe 
varied in eiae from i ft. II m. by 3 fwst at thu upper end, to a fonn 
in ft. io. at the low«r end, the latter having a oircuhu' ornwn and 
aegmentol aiJe« and iuveri; ita fall ruiged fmrn 53, 2(1, and feet per 
DiUe to the EtTra, and thenoe to the uLitInt it was i^ feet per mile. Tlie 
branch linn wim 4^ tuiles in length; iu size vnrtod from 7 f^'^t in diameter 
lo 10 ft. 6 iu. by 10 ft. tS in., of tha same form aa the uwin line, by llw 
fide of which it was oonstraoted. It had a fall of RO feet per mile at the 
upper end, and of 2^ feet per mtle at tlw lowur and. 

The Low-level acwer drained a didtriot of ^'l square milea. Tlie 
Kurface of thia area was mostly below tJie level of high water, and waa, in 
niany plnoea, 5 or 6 feet below It, bftving at one time been completely 
covncwl by the 'IhanMs. The sewers thruuKhmjt tliv dintrict had but 
liMle fall, and, excepting at the p4:riod of tow wau;r, wciv tad'^-tuoked and 
■tiicpnaat; ooitaequently, aftvr lun^'-cfutinuvd ntin, ihcy became UTar- 
charged, and were unnbic to em[>ty thcui«^:lvoa during the short period of 
low water. The want of flow also oaDaed hup; aocumiiUtionii i>f dcpoAit in 
the sewers, tJie n^moval of which was dithouU and ooa^ly. These defects, 
a>lilnl til tiif" tnaliiriii nrising from clu. stagnant sewage, couiributed Ui 
render the diitriot unhealthy; and it waa with reference to ita conJition, 
that the hkto ^Ir. H. Stophenaon and Sir W. Cnbttt ao forcibly <ltH«!ritje<i 
tbaeflbct ofHrtihcial draiai^ by pumping, aa equivalent to nbiing the 
aarface a height of 2u feet. The Low4evel sewer bad reudertnl thia diatriot 
as dry and aa healthy aa any portion of the metropolis. Ita length waa 
aboat li) miles, and its aire varied from a aingle aewer 4 feet in diameter 
at the upper i-nd, to two culverla each 7 foot by 7 feci at the lower cud, 
their fall ranging Emm < to 2 feet per mile. The lift at the ouUot of the 
acwLT wiia 16 fuut. Huohdiffioulty waa oxparienced in executing a portion 
of this wurk. cloee to and below the foundation of the anaas of tho 
(rreenwiob- rail way and nnder Deptford -creek, owing to the immense 
volume of water there met with. Tliia w.-u, b^iwevor, at iMt siumounled, 
by sinking two iron eylinden^ eodl lU foot in dianular, through the la&d 



tn a dppth of nbout 4A feet, the water being kept down by pumping at tha 
rate of from 60(Hi to 7000 gallons per minute. The sewor was carried 
under Deptford-oreek, and the navigation waa kept open, by conatructtng 
a GofftfT'dam into the uiddki of tha cnek, and eiecutiag one-half or 
(he work at a time. 

The Oeptford Pumping Rtatian, where the aewage waa lift«il from the 
Low-level Kcwor into the Outfall aewer, was provided with four condensing. 
rotaUvo beam enf^oeB, each of I'iS B.P.. and oapaMf toijother of rwaing 
10,000 cubic feet of sewage per minute, a height of 18 feet. 

The Soutlicrn Outfall eower cuaveyud the sewiigu which flawed into it 
frtm the Higli-lcvcl scwttr by gravilatino, through four iiuu culverts laid 
under Deptford-creek, and tJiat which was pumped into it from the Low- 
level sewer, from DeptfonI through Greenwich »nd Woolvrioh to Croaa> 
neaa po-jit io the Erith- marshes. It waa vntirely underground for ita 
whole k-n^h, 7] miles, waa 11 ft. 6 m. in diameter, and had a fall of 
2 feel per wile. 

The Crusatnesa-reservoir, which waa 6| acz«e in extent, waa covtired by 
brick arobea aupportml on brick y/ien, and waa fumiahed with ovcr^w 
wsin and with a fluahtng oulvt-rt. Ita height, level, and general 
conatmotion wera similar to tliat at Bajking-creek. TIm ground Dpoa 
which these worka were conatnictod conaij>bcd of peat and («ud. or aoft 
Hilty clay, and affinded no autScl<:iil fo(Ju<latii)n within 25 fuut of the 
aurfacu. The ootlet of the Southern OuifuU aewer waa nnlinarily cloeed 
by a peostock, and ita oontents vmrv raired by pumping Into the reservoir, 
which stored the aewago except for the two hours of liiMibirge Aftnr bigb 
water. The scwi^^ waa thus diverted from it« direct counr t'^ihc< rivet 
into a alile channel leading to the pump well, which fonatd piut of the 
foundation for the eiufiiic- house. From thia well it waa lifted by four 
high-pr«Mttre oundenamg rotative buam eo^nea, each of 125 s.r., 
actuating, direct from tfao beam, two oomptmnd pumps, each having 
four pitiogei-s. 

'Ilie tunut'tling, and the formation of tbo aewera through qniokaanda, 
chftrj;ed with brge volumes of water, under variotis portions of the 
mutro|ulia, more purtlcuhirly in tlm low-lying districts on the aouth sulc of 
the Tbaines, wnrv rauiierud pnictii'uble aud safe by a mode of pumping 
the water out of the ground, without wiclidrawing the sand, which waa 
adoptod aud perfecteil during the pnignas of the worka. The method 
was to sink, in wimo oonveuient pneltion near to the intended worka, a 
brick well to a depth of C or G ff«t below the lowest part of the excav*- 
tion. In aome outee, wherv the depth was great, an iron cylinder waa 
sunk below the brickwork, and the bottom and aidua of the well were lined 
with fthlngle, which hltored the water paaaing into it, and cxpoacd a Large 
surface of thin lilu^red medium, Eartluu ware pipea were carried from this 
well aud laid bcb-w the invert of the intended sewer, amall pits being 
formed at the moutlw of theae pipee, to protect thorn from the ilepoait. 
ity these meaua, the water bail been suoceaafully withdrawn from the 
worst rjuickaanda, and they Ikad been retMlered firm ami dry for hrjthltng 
on. The eflTeottial backing of the invert and bautiuhw with concrete 
formod, in atich troacheniua ground, it wna asserted, the cheapest aud beet 
foundation. Numomus uiatanoee were mentioned of tunnels oumpluted 
during the progress of the main dndmuo works, m peat and aaody aoila 
(diarged wita water, in the mauncr which had lutn dcacrihcd. 

The bricka naed in the workjt hod bevu mostly picked stuck*, frequcnllT 
faced with gault clay bricka, and tbo inverta wore occaaionally faond with 
Staffordahire blue briuka. Tlie brickwi>rk waa as a rule laid io blue liae 
lime mortar, mixed in the proportions of 2 of aand to I of lim<« for two- 
thirdsoftheuppercircumfcreDCo ol the 'cwerv, and the lower third lia<i been 
htid in I'oriland cement, mixed with an equal proportion of sand. A 
onnniiierahle length nf aewi.'r had beoD laid entirely in cvmeut. A double 
teat of the qu:kUty nf the cement had been employed, which luul tended 
greatly to improve the maniifiK-ture of that material. Tlie n|>ocilit:ationa 
provided that "the whole of the cemeat shall be Portland [cement of the 
be.'it quality, ground exLretuuly line. wci4;bing not leoa than 110 lb. to tbo 
bushel, and capablu of maiutiunijig a bn^akiug weight of SOU lb. on 
1 4 a<lUM« inch, aeven days aflor buiug made m an iroii mould, of thu form 
and okiiennuna shown on a drawing, aud immerawl in waur during the 
interval of se^-en dayp." 

Th'^re vivjv aUiut I30Q milea of sowera in London, and 63 milea of 
miun inleree'ptiiig »ewi-ra. The tnial pumping (kowcr employed waa 
*.23ti0 nominal B.P., witK au average estimated coitsumption of 'JN.OOO tona 
of oo&l per annom. The sewage on the nurtb aide of thv tho Thiunes at 
present amounted to 10 million cubic fv-t [ler day, and on tho enutU aide 
to 4 million cubic feet per day: but pro\'iHir>n was rnxle for an antichmted 
increase up to 114 ""i^ H "liH'"" cubic feet per day reopectivety, in 
addition to arainfallof 284 >^^'^ 1~1 toilUonoubicfootparday nepectiTcly. 
or A total of &'A million cubic feot |>er day. 

The total coal of tlm main dnuuitge works would be ab<jut £4,100,000. 
The works had been executed nndur the immediate superiiil<Jidcace of the 
atui^tant engineers, Mossts. Lovick, Grant, and Ciioiier. The principal 
contractora had been Meaara. Braaay, Ogilvie and Harrifion, Mr. Wet^«*ter, 
Mr. Kumcm, Sloasra. Aird and Sotu, Sir. Moxon, Measre. Jamos Watt 
and Co., Mcaars. SUughter, sjid Mc«.irB. Kothwall and Co. The worka 
were now completed, with the exception of thu Lowdevel aewer on the 
north side of dbo river, which waa being formed in conneution with the 
ThjuncB embankment and the new street to thu Mausion-hooaej aud would 
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tbtnCbre, pvohkbly nnt cotne into operation for ft ooujtle of yeAiv. Tlia 
pro|W«tiuii of the ftrsa dnuncd bj that Mwor wu otie-wv*iiith of thu 
wbolo. Some wotiotu of th« works bad been b upentUi)D from two to 
(oar yvttn, uid tin lai^gwt proportion for toore tbfto one yesr; so thAt 
like principle* upon wbich they w«re baawl had alrwdr becoi &irlT 

lMt«d. 

The oanimuniotion wu accompaaied by nunieroua appeniJicca., and wm 
Qlurtrated by ft in»p of LoodoD, aud by mi3<ltb and I'marjired diaOTftnu of 
maam of the principal works. Tbti author prcMuiteit tu the Tngntutiou a 
eooipleta Mi of the ipeoificationi and of tW contraot dnwioga relativa 
totfaeworU. 



THE RECONSTRUCTION OF MALAHIDE VIADUCT. 
Br W. Akuemos, C.E. 
{ConclutUd from p. 7S.) 
Tde webs coDsist of double systeius of diagooni braciug (FigB. 
6» 7, aod 8^ Plat« '5) inclinoj'&t ao angle of 4A°, and pre- 
•entiDg tilteeD points of intersection with the fiangoa. Table 1 
indieatefl the strain in tons, tlio sectional area in inches, and the 
unit atnuD in tona, on each bar of the bractag — ual<.'ulnted for 
the present paper with tlie aid of those most uiMftil furiauhc, 
for which the professioa is indebted to onrhoDorary secretary, 
Mr. B. B. Stoney, and which may hu found fully worked 
oat in the 'Qnartarly Journal of Science,' for OctoWr, 1851). 
If W reprcseDts the load on each apoi of a system of bracing, 
inclined at an angle 6 with the vertical, and n be the num- 
ber of loa<led apictin between any given diagonnl and the abat- 

m«ot, Iheo the strain os that diagonal will be=(l-^n) n ■ . — 

when the firatapex iadiBtiuit one whole bay from the pier, and 

VT sec B 
n* — ^^-^ — where the first apex is only one half bay diatant 



2/ 
from the pier. That portion of the farmula 
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diameter, it is ncoessary to expUin that, from several experi- 
ments recently made by the autlior, there can be little doubt 
that the luuLurial ininiediat^ly surrounding a punched hole is 
acneibly injured by the violent strainiDg it undergoes, and it 
is probable that from 0'2 to 0-25, added to the diameter of a 
pnnched hole, will be a bafe correction. 

The cri>tM-bracing connecting the six girders of each spuce givei 
rigid lateral sapportto the top daogeaatfour points, Itraving, iu 
the larger beams, a length of 22 feet in the centre to act as » 
column, with iixedeuds, The breadth nf the flange is \i iuchea, 
or ^'^- of the length, at which proportion Eaton Hi>4lgkintii)n'8 
experiments have shown that wroughl-ironwill bear very nearly 
a crushing atr&ia without lateral deviation. 

TXBLX II. 
Slraim in FUmgt due to a vmtfcinn Load of 37 Tifn». 
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The lattice bars in compruaBion are all 1} inch thick iu the 
larger, and I inch thick in the smaller beams, the breadth only 
being varied according to the strain. The sectional area of these 
is determined by the law, (hat the power of flat bars to resist a 



OOttitapt for every individual beam, so that the process of find iog 
the pressure on each diagonal is simply multiplication by 
(l^-n) n or n', as the casv may be. 7'abte S gives the totu 
•tridOi Motional areas, and unit strains in every portion nf the 
flanges. In estimating the sectional areas available for duty, a : 
dedaction of |-inch of surface all nver the beam has been made, | 
to allow for corrosion, which, as has already been stated, is' 
•xtramely rapid. In the top flange, and compression lattices, no 
dedaction has been made for nvet-hotea. la the bottom flanges 
in which ati the holes are punched, the cross section of the hole, 
aagmented by one-fourth has been deducted, while from the 
tension lattice bars, in which the holes were drilled, their actual 
flrois section has alone been taken. As regards the necessity of 
oonaldering a punched hole as somewhat larger than its measured 
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compressive strain varies direcUy as the cube of the thickness as 
the breadth, and inversely as the square uf the length. This 
law, which has been thoroughly investigated and experimentally 



Tablk I. — ^Lo»o B&aaca. 
Strain in DiagoruU Bracing due to 2*64 tons on eaefi apex^ and S tont twyving over beam. 
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domoDslrated bj EHton HodgkiDson, will be found very clearly 
TOt forth in ttmt mine of practical iiiforraition, E. Clark 'On the 
Britannia Bridge,' vol. i., p&ge 31H. From an average of eigh- 
teen expertmcnU there recorded, on bars of variooa proportiooa^ 
the author hnn cnlcuhted a constant for wroaght-iroo, which 
gives verv nearly tli« iitrenjfth of any bar whose length exceeds 
30 timei it« least (lirneiiftioD. Let ^= length in feet, f=thicl(iiew 
in inches, 6=breadth in inches; then the breaking load in tons, 

tt is bardl; oeeeasary to remark that in oonacquonce of the 
difficulty of getting ban perfectly straight, perfectly uniform in 
texture, and in making the direction of crasliing strain to coin- 
oide accurately with ibe centre of tlie bar, very grvAt accuracy 
is not to be expected in Bueh calculationa. 

In considering tbe length of the compression bars, a question 
ariaea as to whether the tension Littices, which intersect them in 
tbe oentre, can be considered as eeourely fixing thoae points, as 
regards lateral deviation. Inasmuch as the weight of a Qat pillar 
depends on tbe sc^nHre of it« teug'h; this is a tnoet important 
consideration, for if the tcnsiou lattice was capable of keeping 
the centre of the comprcwioo bar immovable, the latter might bo 
r^arded as two short pillars instead uf ouo long one, and might, 
OODSsqnently, be mtule of lighter aactiou. That the ii>u>iiDti bin 
do actually give great lateral support to weak uouipreH-siuu bant, 
may rwidily be seeu in a great many existing bridge, even of 
large sponH, wb>Te very long thin bars are toAded to a far greater 
extent than they eonld possibly sustain if not so ttupported. 
It Is quite evident, however, that the teuainn dingonsl can give 
no lateral support until tbe bars have already deviated from tlieir 
original plaiie, so that distortioo most have comm«uoe<l before 
this support is available. At reffarda any iuorcosed strain on the 
tension bftrs from tbe extru duty they may thus be required to per- 
form, it is easy to show that it cannot be oousidcrabfe. 

Firstly. Suppose tbe compression bar AB to bead iu the plane 
of the beam tn the extent FK, CD being 

the tension bar cruesiug it, it is quite n » 

evident that> if BF reprcBentj the Htrain 
passiug down tbe bar, BE the resisb- 
aii('«> of the bent bar, FE will represent 
the force necessary to keep it iu equi> 
libriura, therefore the addLtioonl strain 
on CD will bo tho load on BA, dimi- 
nivheil in the proportion the amount 
of deflection l>eani to hnlf the length 
of tho bar, which iu practice is always 
R very amall fractiLm. 

Secondly. The effiM:t of lateral deviation is to throw a tensive 
strain on CD, eqiml Ui the compressive strain on AB; because 
the angles at which the forcea art bein^ Uie same, equilibrium 
can onfv obtain when tbe^ are also equal. But as the loads on 
the tension and cuiaprauioQ bars in suy one pnrt of a beam are 
very nearly etpinl, the strain due to latenii deflection can never 
greMlly exceed what the tension bar is constructed to carry. 

The rivets connecting the angle-irons to tbe flonge-platee are 
^iuch diameter; thom connecting tho lattice bars to tfie flanges 
vary from jiucb to I^-inch, according to tbe section of the bora, 
the latter arc all iu double shear, uud so arranged that the sec- 
tional area of rivets hoMing each bar is at least t>qual to half the 
area of the bar. Some extracts from tbe specification will best 
explain tbe remaining details of construction. 

"'Tbe piiaiticin ni the fish pUtM, at the joiniag of tlte flangn plates 
and aoglu- irons, is not ihown on tbe drawings, to enable tbe contractor to 
use tbt; lonijodt bars arwl pUtee poMihld; hut it will bo otriotly roquir&d 
that thn same available sectional anm Vm [tFCourved in every port of a 
beam ss is shown on tho drawings. No rivitt may be used to &th tbe 
flouge )itales, rxovpt the two rows of ]-itich rivats abown on plans. Ku 
nvelB tiisy bi^ uwd to fish tbe oiigtt'-truH »xoept those of Uui flaogv 
platos or i'inc^h rivets, En tbe same Liue* as tbe two rows fastening the 
dia4ioi)sl bom. AU holaa in plates or Imus, over 4'incb thkk, mast be 
drillvd; but, if 1-inch thick, or umlcr. they uuy Im pnnohed. AU 
tooUoable iron U:»<xl in this ooatroct muit bear a stnuu, by tetuion, of 
at least ^ tons por ik{Uare inch of its woUons in any port uf the plate 
UT bar. AU (.-A'Viroii thall bear a strain, by tension, of at least 6 tons 
(a tUa squsn> inch of iu noccion. The ooiitrootor shall provide fur testing, 
in sncb wsy m shaU be BatishkcloiT to the company's eoginMr, 10 per 
Dent of the ban and plaUs to be osed, tho part to be totted bong 
cut from the enil ur edges of the iron as shall be pointed out; and, if it 
bImUI bappoa that a sample tested of auy tot gives way with a Isos 




•tmn tbsn specified, it shall be m the power of the componv's engineer, 
or any one acting tor hbu. to reject the whole bit. Ail the' beams shsll 
be tnted. if required, in tbe proMnea of the oompiuiy's enginMr, or soioe 
one acting for him, wid to tbuir MtiBfBulioD — the larger inxida girders to 
40 tons, tbo smaller to 30 tons, distributed." 

It will be noticed that in tliia sfwcification tho qnalitr of tbe 
iron is de&nitely fixed by a standard that can readily be mea- 
sured, the ridiculous chose, hitherto in general use, defining iron 
by particular brands, is happily going very much out of fosbion, 
though it is remarkable that it is not easy to get ironmasters to 
guarantee their iruu to bear any glveu trial atrain. The lattioe 
bars were all rivettcd to the flanges, by Cook's patent steam rivet- 
ting uiHcbiue. It differs from Gurforth's machines in not 
being direct acting. The steam cylinder is placed verticnlly, the 
connecting-rod, which works through a trunk, is connected to a 
lever, key«d on a rocking shaft, forming also an eccentric wbioh 
actuate* the rivetling die. Nothing ^an exceed the quality of 
work done by this machine. Tbe author finds that it is equal to 
four gangs of rivetters, e.toh guu^ being corniKieed of 3 men aad » 
boy. In doing plain stmiglit work, l,%Hi rivets aday of tf>D hours 
CHU be put in. Th< rivets are bcate<I in a small air furnace, as 
at tlie Britaoaia bridge. It was found impossible to close tbe 
l^-lucli rivL-lj), in a satisfactory manner, by baud. A head wasu 
Indeed formcil, but the Ixidy of the rivet remniued quite loose la] 
the hole. In rivetting by pressure tho Iron is forced into all ibttu, 
inequalities of the holes; in proof of which it is found that nearly ' 
onft<half more irt>n is required to makK an ordinary J-inch rivet- 
bead by pressure than by band. Tlip specimen uf rivettios 
exhibited, two rowa of which were done by this madtine, and 
two rows by hand, at onoe show this difference. 

The girders were all tested by laying on the specified weight 
of pig iron, before tJiey left the contractor's yard. To fncilitata \ 
this operation, two pieces of lSx4'iuch plank, of a length equal 
to the spon. were laid on the ground, the pig iron was piled on 
them, and the beam to be tested being laid on blocks, a few 
inches higher Ibao the load, tho weight was lifted on by meani of 
^-inob screws, possinB in pairs through cross-beads resting on 
the beam, into tbe p^ks below. These screws were so spaced; 
that a cross head rested over every intersection of the lattices 
with the flanges. As soon as a beam was tested, the rods were 
uiutcreweil, the cross-heads removed, and the girder lided out, 
without ilisturbing the load or screws, which were thus ready 
for the next beam. Tbe deflections were taken by means of a 
fine line fa.stened at one end of the beam, and stretched by a 
weight, after passing over a delicately made pulley at the other. 
Tbe defleclious were very regnlnr, and call for no B|>ecial notice. 
The mean of the inner large beams was 65", tliat of the inner 
small ones 0*39". Tbe time occupied in testing did not exceed 
a quarter of on hour. ^ 

In testing isolated beams of this description, tbe author ha* ' 
observed that, in consoqnence of Ibc strain in the tension and com- i 
pressiou bitticcs nut passing exno'tly through tbe cvntrf? nf the 
beam, but in planes at rt short distance from though parallel to 
each other, a cousiderable teudeucy to twist is apparent, render- 
ing it necessary to sup|iort the eiide of the bd;im, ou npiHuIte 
coaiers, on the tension side. This circumstaucM rendere It very 
important, in isolated beams, to divide the compression bars, and 
make the tension diagonals pass between them. In some small 
Warns, recently mode for tbe Royal Canal bridge, on the Dublin 
and Drogheda liailway, which were tested to IU biUK to the 
soviare inch, thiif twisting wubbo great that tho load could not be 
laid on without fixing temporary hard wood pillars between tbe 
flauges over the abutments. 

The specification drigiiiidly provided that the iron-work 
to receive two coat^ of oil fnint; tliis, however, was given up in 
favour of a hot bath of coal tar, which was admioiatered in the 
following manner: — Under the large travelling crane at the 
Dublin terminus, a cast-iron tank — hi feet long, S f^ 6 in. wiU^ 
and S feet dee^^was ereoied, and fille<l with coal tar; under ot4^ 
end was placed a small furnace, with tbe flue ; unning under ao J 
all rouud tbe tank to a chimney at tbe other end. As fast ai 
tbe beams were delivered, the travelliug crane deposited theml 
one at a time, in the lank, to simmer as long ns the demand fo^ 
them would oihuit; some, one hour; munc, two days. Wbei 
drawn out, thoy were allowed to drain for a short time previous 
loading on tbe waggons. It is hardly necewmry to state that t\f 
Irealment ensured a most perfect coating of tar. 

The beama having been lowered into their places by the < 
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relliog cranes on the bridge, veie eoan^cted by horizonUkt and 
rertical croa»- bracing. Tlie former is oompoMd of 8 ban, of 
6" X i' AaI iron iu eaeli space, running at right angles to the 

_beain», and rivetted under aud over the tiottom uid top flnngt:& 

Un the same plane with these, and Kcured id the same vroj, are 

Mbt diagonal ties of 3" X K ^roi^' 

f The rertical bracing ia formed of yx£*xi' X iron dlagonaU, 
fboTMU to each span, rivetted Ui the inner »U\e» of the flniiges, 
directly uoder the d'x^' flut bass, their cods beiag twisted nud 
cranked, lo as to admit iheir crossing cAch oihcr and bc-iug 
rivetted back to back at their inLereeclious (F'i;;^. 5, 6). 

The pruvisioiu for ex)>aiisi(>ii in a bridge of this length, with 
slight pien, baaed on au uncertain foundation, was matter of 
ftnxiooB consideration, the more so, as the viaduct is on a gruiiicnt 
of I in 832; and it wa< feared that there might be a tendency in 
the whole bridge to work down to the lower end. To gimnl 
against this, Mr. Hnrty contrived a most inguninus aud siinple 
expansion appai-atos (Fij^. 9, lU). Ou tvery other pier, aa already 
■tated, the beams rested directly on metal wall-plates, but ou the 
intennudiate piere, their free ends were capable of motiou ou 
S-inch metal rollers, arrauged iu wrought-inin roller frames. 
Furthermore, the ends of the bottom 6augea were cut away on 
oppoeite sides, so as to pans each other, aud were ooonected by 
purs of short links, rocking ou a centre pin secured in the wnll- 
plate. By this armugemeut the beams, chntigh free to move, are 
^t secured U> the piers, aud the relative ponitiou of the two can- 
not alter. The author !» not aware of a similar coutrivonoe ever 
b&riDg been adopted before. 

The maximum expan»iciu of the Britannia bridge, 1610 feet 
long, is G9 inches, (ao that the Malahide Vmduct may cxjiaud 
2*4 inches) or 0*4 luclies ou each expausiou pier; ounsideriug, 
lunrerer, that the beams are very near the sea, and pn>- 
tected from extreme heat and cold by the limber sheetlug, 
the actual amount of motion is not likely to exceed the half of 
that stated. 

An incjairy of great practical Interest, though, perhaps, not 
directly connected with the subject of thiii paper, is tha relation 
bfltweeu the theoretical aud actual weight of beams, the relative 
<^uantity of material necessary to the Qanges aud weba reepee- 
bvely, and the amonnt of economy to be effected by rcduciug the 
fi&nges and webe in proportion to the straios. 

With a view to illuatratiug this more clearly. Tables 3 aud 4 
have beencuuatructeU. 
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In Table 3 it appears that, in the beam as it now stands, 
the veight of the flanges, wlui^ are equal, is two-thirds the 



weight of the whole beam; the remainiog one-third lieing taken 
up by the web, fiockiuga, rivet-heails, aud joint plates. The 
same proportion holds good when the ^-inch of surface allowed 
for corrosion has been deducted; but the pnckiuga, &c, which at 
present are IJ^ per cent, of weight of the whole beam, become 
14 pfT cent., as might be expected, since their weight is very 
eltghilv atfected by the deduction. In the htat two colauino of 
the table are the weight of a beam supposed to be cat out o( 
aulid iron, irith every portion accurately proportioned to the 
strain, which in the top llnuge is taken at 4 tons to the inch; in 
the buttom and tension l.-tttices, at 6 tous; and Id the cnmpremilnu 
bars to one-fourth the breaking load, by the formula 

The flanges in thia case absorb three-qunrters of the weight: 
the lattice bars only one-fourth. The quantity of iron aacriliceil 
to compensate for corrosion is a little over a ton per beam, 
representing about .£768 in the entire bridge; whereas, the 
uuaroidable waste of iron iu overlaps, packings, joint>platen. 
rivet-heada, exclusive of the ton above noticed, is nearly 46 ewt., 
more than 4C per cent 

Table 4 gives a comparative view of the amount of aaviiix 
efTi-ctcil by reducing the donees towiu-dB the ends, aud the webs 
towunls the centre. Thus, in the beam as it uow Mands., there 
i« a aariog of 22 per t-eiiL in the flouges, and 24 per cvuL in the 
web, beiog a saving of nearly 23 per cent, iu the whole beam; 
whereas, in the theoi-ctical beam there appears a saving of 
33^ per cent, in the top f!ange, nearly 33 ^r cent, in the Ivittom, 
aud 66 per cent, in the web, aud 47 per cent, iu tho whole beam. 
As regards the Hanges in this case, the saving is what may be 
inferred without actunl calculation, because it is well known that 
the area of a paralKjIa is two-thirds that of the circumscribed 
rectangle; now the flange of a uniformly lr>aded beam ought to 
vary in section as the ordinates of a parabola, cou»equeutly ita 
weiffht should be two-thirds that of a flange of uniform section 
throughouL It may then be assumed, without much error, that 
the fliingca form, generallv, two-thirds the weight of a beam, the 
UiaKouals and packings, iui., oDft-third; that in practice it is poe- 
aible, generally, to save one-fourth tho material, by caroftilly 
prnportioniug the several parts. 

In the large tnhee of the Britannia bridge the weight of the 
top and bottom flaugos is nearly equal, while the sides are a 
little more than one-tliird the whole weight — viz., 37 per cent. 

From these considerations it is very easy to arrive at a quick 
method of estimating the weight of any given girder. The 
sectional area at the centre of one flange being obuiuod, the 
weight per foot is known, oue-fourth of this, at least, may be 
aavcil by proper arrangement of the materials, aud the weight of 
the whule Ijcam will he three times this result. 

The Board of Trade limit the tttrain on wrought-imn to 4 tons 
to the square Inch tn compression, aud A tons in tension; thin 
would make tbe bottom flaugos of beams lighter than the top, 
were it uot fur the weakening effects of rivet holes; it is there- 
forg generally correct tu make the bottnm flange the same grors 
area as the top. By dividing the strain in tons in the centre of 
a flange by 4, we obtain tho sectional area; mulliplyiug this by 
3j lb. the weight of an inch square bar, n foot lon^ we obtain 
the weight per foot of tbe flange; multiplying this into 3 we 
obtain the weight per foot of the beam, supposing its sectioue to 
be uuiforui; aud fioolty, multiplying by {ths we get the average 
weight of a beam, the flangea and lattices of which are pro- 
jHirtioned in some degree to the varying strains. If we assume 
tho depth of a l>eam to be 1 foot in 12*8 feet, a very good pro- 
portion, this formula bec<m>eB 

w • V* / . ^ X 12 8 X 31 X 3 X 3 «,„ 

Weight per foot „ ■ ^ = 3W, 

***^ HXIX4X4 

Or in other words, multiply the distributed load in tons a beam 
is required to carry, by 3, ond the nsultis the weight in lb. per 
foot of the beam. This rule will be found very useful in making 
rough eatimates of bridges. 

The contract price tor all the iron-work, ineladiug fixing 
beams in their places, aud fltting in cross-bracing, bat exclusive 
of carriage or placing the beams on tbe piera, was £GOiH}, Tbe 
wages paid for men employed in erecting and fitting bracing 
and expaoaiou gear, amoanted to ^144, a Tittle over 8f. per ton. 

* Tbft eoostABt Hi k abuhiad tna lbos« tmn oubad bg K. BodgklaHn, vboN 
TSittliaftB w<ft PwuMt to ths ri— ss»4. 
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After the beiuiu hod beoa Bxed in their places, they vere pre- 
parad for Lbe receptioo of the4-iDch sheetiog, by levelling over 
tbe pUtea and rivete with longitudiual timber (HickiDi^ luade to 
fit cioeely od the top flange, roocMes bein^ eat for rivet-heads 
joint-plates, &c. The plivnks were then hud ncross, m leagtha 
generally equal to hnlf the brendth of the bridge, with every 
BeT«nth or eighth pUok running right acrcMS. Where the short 
pieces met iu the middle of the 6-foot space thoir ends were 
secnrrd by bars of S^'xi" flat iron, placed over and under the 
joiiitH, suid connected by a few bolts. The nheeting was secured 
to the beams by means of hook-hea<led bolts eatchiog the 
flaugt^ 
The foUowing is the weight of bridge: — 

Tms. c«1. qn. 
... .... 307 18 8 

... ... 88 1 3 



7X bMUDs 
Cnis»knoiiiff ... 



Hollera and Inunai 

WaU-platee aad jomT^ 



r«r tMit. 
100 
107 



S59 



Memet timber was flrst obtnined by contract at U. lO^d. per 
cube foot, delivered at the terminus, in plauk, 4 inches thick, 
not less than 1 1 inchee wide; but the quality and rate of delivery 
not proving satisfactory, Dantzic timber was obtained from an 
eminent tirm on the North-wait, at it. Gd. per cubic foot, the 
original contractor being at the extra expense incurred thereby. 
The longilmlinal sk'Oper* were secured by wood Bcrews to the 
4-inch sheeting, and the raiU laid in the usnal manner. A aim- 
pie post-and-ri\il handrail, on either side of the bridge, and a 
thin layer of clean grave), to protect the timber from fire, oom- 
ploted the bridge. 

lk(r. Uarty'a original eatimnle of the cost of reconstnifttiou 
was. XI2,161 'X, ^om which he deducted .£300, the estimated 
value of old bridge, leaving /ll.Hyi 0*. as the sura to be ex- 
pended. The actual oatlay was ill 1,741 13«. 3d., or X440 le« 
than the eatiniale. The coHt uf this bridge is, therefore, a little 
over £-iO I0#. per foot. There ore abuut 6G yards cube in each 
pier, making probably about 750 cubic yards, rock ashlar work 
and cut vtoue copingH. 

In order to ascertain the relative cost of the several parts of 
the bridge, and to separate those items easily estinmtetl from 
the heavy oontiogent expenses, the following table has been 
amnged:— 

Eittmated cost of masonry in piers 

Mid nbatmeats 
I^eee-worfc in pMpsring dams, 

orane-roadfi^ Ac 
trunwork in luperstnioture, as per 

ooDtraot 
Timber sbee^g and handrail, at 

3s. pafoot oubo 



£1800 
21 fi 



eooo 



MiiceUaooooa expensss, snoh •■ 
cranes, udingn, switahes, tools, 

watohmsn, boats, Ad. 



927 

£8042 



2800 
£11,742 



100-00 



sii 



In oomiiaring the cost of this vinditet with other bridges, it 
will bo necessary to bear in mind the Urge allowance made for 
tforrosion, nnd the cii-camstnnce, that the two outer ranges of 
girders are strung enough iu themselves to carry a third line of 
rails. 

In concluaion, it is necesmry to explain that at the time this 
paper was begun, Mr. llarty was not a member of this Institu- 
tion; that, beyond being contractor for the iron-work, the author 
had nothing whatever to say to the design or execution of the 
works, he has merely undertaken to rccoi-d what struck bim as 
being a valuable example of railway engineering. 



The Eeolt* dss Beaux Arts, not only in Paris, bnt throughoat 
France, have been supplied with many models and casta from 
the antique, and copies of the works of the great paintcn. A 
class for the study of engraving on precious stones has been 
opened here, under the direction of M. (''arochon. Pupils aro 
admitted between the ages of Hfteen and twenty-five. For fo- 
reigners the permission uf the Minister of the Fine Arts is 
roquisitA. 



T6e Oat Workt of London. By Zbbah Colborm, C-E. 
Loudon: E. and F. N. Spon. 
A series of orticleH on tlie Ons Works of Iiondon, whidi 
appeared in 77i« Engineer during the International Exhibition in 
lti6S, have been reprinted in a convenient pocket volume, and 
present a very complete summary of the process of manufucluring 
gas, with special detailsrelaiiog to the gas supply of Londun. Vari- 
ous improvements have of late yeara been iulrodaoed iu making, 
{mrifying, and distributing gas, and Mr. Colborn, by placing 
limaelf iu communication with the engineers of several of the 
metropolitan gas works, and by ao intelligent nnd able com- 
pilation of the information thus received, has set forth the 
existing condition of that important branch of manufacture in a 
very comprehensiveand aatisSoctory manner. Without illustraliTe 
diogromB it is very difficult to convey a ourrect idea of the nature 
of the apparatus described, no an to be intelligible to those who 
are ignorant of the subject, but a general view is given, that 
seema to explain the principles on which the processes are 
oondaeted. The following general statistic* of the gas works of 
London show the great maguitudo which the«e undertakings bad 
Attained in 1B61, and since that period the coDsnropuon of gas 
has greatly inor^ksed in the metropolitan districts. 

" The inotropolis, including a aumlwr of tt« laborbs, is suppluHl with cos 
In thirteen campaniefl, uwning nineteen wurkfl, all hut two of whioh 
are within 4 miles fnmi Oharing-cnNM. Tbn ralnru, bath Bii^»ead and 
douUe^nd, are eifiuU to abnost exactly ."tHDU double rotortB* atesagl&f 
about 19 feet ui length, or to lO.OOOmooth-ptfces. It has been estunaCaa 
that thew works carbonise 860,000 tuns of ooal annually, and from wbieh 
»bout 8,0iil>,000,00i) (ci^ht tlioiiMud million, or, in the onlinaty terms oC 
ne meavureioent, eight loillioii thiiiinaiid) cubic feet uf gaa la mado. Of 
(uia npworda of one millinn ihousaoil fuet ia lost by leoka^ from tha 
mohis and in utber ways, while (be rest is sold for about £1 ,400,000. 
Other eetiiuates give 1,000,00<J tons as the amount of cool carbotusad 
^eau'lv, the wde uf gu and reaiduiU prudticts amounting to £2,000,000, 
cquof to 14i*. &d. for every uuui, wuuuul, Mid cliild in thu laetropoUa." 

Tlie nccouDts of the metropolitan gas companies for 1863j 
pre-wntetl to Parliament lost aeeaion, show that tlie total receipts 
of the thirteen gas com|>ani('s that year amonnted to £\ ,604,726^ 
or about £\50,'QW more than iu the above statement. The yearly 
gas rental of the Imperial Compaoy, which is the largest in the 
world with the exception of the United Gas Company of all 
Paris, ami>uuted to ^419,U60, or to more than one fourth of the 
whole. The cost of the coal carbonised during the same year in 
the London Gas Works amounted to ^tJ6,17U; and the united 
capital invested exceeds i!5,6d0,000. 



LONDON IMPROVEMENTS & IX)NDON DWELLINOa 

TO lan lairoK nr tiii citil ■nainua a3i> iRCBincr'B jocKiik 

Afl branch after branch of what may be called the intramaral 
railways of London develops itself, sweeping away hundreds of 
metropolitan dwellings, the question — "How are the poor of 
Ijondon to be liouHed '(" grows more and more difficult of aolo- 
tiou. Nor are even these railways the only insatmble ooDSUmen 
of the space hitherto occupied by the jpoor, and by the struggling 
middle classes of the metropolis. Tlie very facilities fur con- 
necting London with the provinces which railways tliemselvefl 
afford, tend to force upon KngHshmen that system of oentraliaa- 
tion which is not disliked on the continent, but it isaayatem 
that i« not likely to be very popular in England. Mr. Bull baa 
perforce to put up with it as he best c»n: he must expect to aee 
the capital of the British empire cut up iu all directions; and its 
denizens diiven hither and thither, t<» make way for monster 
hotels for the housing of his country cousins; monster theatres^ 
music hallsy &c., for their delectation, and so on; juat as be now 
seen one whole district of dwuUing-houso profwrty destroyed, to 
make way for a central block of Government ofCces; and as be 
soon will see another large one swept away, to make room for a 
central block nf law courts. 

The loRt-named scheme, aboat to be realised onder "The 
Courts of Justice Bill," will, according to The Timet newspaper, 
displace no fewer than 3-13 dwelling-houses (which will include 
many respectable tradesmen's places of business, besides ware- 
houses, and several large printing officeu) chiefly inhabited by 
the working classes. Here surely is a greivous dimination w 
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the alreadj ioAdeqaato oxistinj; provision for boaaiug the 
^jjidaetrtoai where tiiej are most wauLfd, — within the walls, bo 
■ to spenk. of our teeming nietropalis. Tlie relief nfforilefl by the 
iMetrupoliUiu R«tl«'av, which tiuw Ht a luw mte euabli^s the 
ftetiaan to travel to uid frnin the suburbau irmtrlctH, does indeed 
meet )□ «otue mauoer the wants of such work-peo|il? as Luildinff 
artifioera and oUierti, whose trades necessitate n nioviug itboui 
from |iUce to plnoe; atid In tlie future railway Hiiea, lo be oou- 
«tmcted around Ixiiidnn, these cheap triiios will btscmue pretty 
leaeral. fiat it should be renienkbered that imt every class of 
opie can oootrivfl to move in and oiU of town iu this regular 
»ay. Very many persona in London, especially in Roch dirtlricla 
as the nei^^libourhood of LinoolnVion, are cnmpclleJ to live 
oe&r their place of employniunt. This is particularly the caae 
with the Tery peraoua wtiuiu the new courta of justice wiU 
diK{>er»e: Inw-etatiouera, letter-presdOieD, enmpoHiturs, wood en- 
ravers, and otbera, who fallow precarioua calUngs, quite incoiii- 
atibte with the ubaervunce of regular fixeil huura for work and 
relaxatiou. 

For such at the»e the cheap early tralaa will not «u63ee; bow- 
»er they may in the long run serve the uecessitiea of the first- 
Damcd class; and the remedy is palpable. There ia uolhiug for 
'it bat the erection, and that wiihuui delay, of large blocks nf 
aasocikted chambers, or model dwcltinga; and this, be it obeerved^ 
ahould not be done a^ an eleemosynary act, or with nny parade 
of beoevulently pruvuliug houses for the millinn. The Gnglidh 
workman, under which term one may enrol about Liuculu'a-inu 
Biany well educated uiiddle-claaa nieu, hates to tind a ^atrou in bis 
Liaodlonl. He ie pi-epared to pay a fair rent for fair acu<»miuo- 
tion; so that really there is no excuite fur treating him a^i a 
natoner or a protegee. Charity model-houses, annually re- 
orted on, with a list of generous subscribers to the fund, and 
•riodic&l treatises of the elftcncy nf cUAidiufKS an 1 saniury 
_l^latioas, are all very well in their wav. If we mention them, 
%t ia not to decry theiu far a moment; but only to puini to the 
' ct that, for the porposea uow cilled for, tlicy are not the real 
btng rei^uired. The railway liues and other metropolitan im- 
provemeots will displace, not merely the dwcliin^^t) of the exti*timo 
poor; but tliiise of very many pvni'iii'i of the middle class. Fur 
the former, blocks of dwflliuics in chaiubera, aiuiilnr to those 
neu* old St. Pancras church, Streatham-atreet, St. Giles', and the 
JBst completed dwellings in firewhoune-lane, Wapping, will, 
divested of the philanthropic element, answer every purpose 
needed; but for a very largo ctaae of Loudouem a different de- 
KriptioQ of model housoD baa long been wanted, and ii uow 
impltratjvely called for. What are really needed, and what would 
pay well, are two or three streeta of such ilw^lliugs, deMtgned as 
media between the present large blocks in and about Victoria- 
street, Westminster, and the (xxjrer mudel houses before 
raentiooed. There id nothing of the kind in London, that we 
u-e aware of. If compnnieit can be got up, as we see every day, 
for workiug all kinds uf [irivate trades, irrigating furrign lauds^ 
uid supplyioK with gn-s wat^r, and what not^ towns aud cities 
faraway from their foci, tlie British metropolis; why cannot one 
bear of the formation of a company t^i meet thtn crying; and daily 
inereuing want; by, suy, the purchase aud i-emoval uf some 
oentral atreet-fall of squalid, tott«nug lodgiugdiousea (never 
desifcoei) for tholr present use) and the erection lu their stead of 
A Street-full of substautial dwellinge in blocks, raided above a 
row of grouod-floor shopa or oDict-s; and reached by wide haiid- 
■oate ataircaaes, sparsely distributed aluni^ their frontage; to the 
gnat saving of space, and cnnscqueut saving of ground rent aud 
of cost in conatructioo 7 The times are very propitious for audi 
a scheme; and mure than this, they may efeil be said to demand 
its speedy reailaation. W. V. 

[\^'ith Um remarks of our OOCTStpoildeDt we fully ap^e; there u not 
any neoanitr for such a wholsHda de«ttaotion gf booses as is cnntom- 
pw«d, tfl obtatu a site for tbo Law Courts. It ia only some forty years 
siDo» Soane erectud his Law Courts, at gruat oxperiM to the oouutry. 
Ia tbe olden time, ilructures were built for pubho piirpoMt, creditable 
to Ihe locality and to the nation, anil aerred fur tha purpoai! for centuries. 
Can it now be really necessary to di'inoliah 74 acres of hnusei in almost 
the heart of the metrapolis, for the »ake of erecting " handsome Law 
Coarur' Mi^ht not the building for the Chancery Court be ereoted in 
Lhioolns-inn-fiiildi garden, — leaving a purtitm of tho Kardcn, omamm- 
tally planted, lurrounding itl" Ttio Kin^'a lltioch Court might havo 
aaeomiBodation to the open vpnce in the Temple by Kinf^'B-bench-walk, 
and tb« Common Plean and Excbe<)uer could bo erected on a portion of 
Gray's-iw) ffardcna, their vicinity to each other being aufHcicntty clow and 
ibelr Htee castiy approaehable. We do not think that any satisfactory 



rcHMn can be assigned for giving ths luxurious accommodatioa 
suggeated, nor for sutSi an expenditure. Quite enough nf the metropoiia 
Is devoted to tbo membvm of the legal profession at present, — vin., Lin- 
oolu'g-inn, Lincoln's- inn-fielda, Bejford-row, Chancery-lane, the Temple, 
Sergeant's inu (Fleot-aLreetl, Easex-atrset, Gray'a-inn, Supte's-inn, 
FumivulVina, Barnard'* -inn. CllffiiniVinn, Clemen t'a- inn and Msw-ino, 
besidei many plaoes in the vicinity of Guildball — surely this ia a lari;e 
share of spooe in the capital to be occupied by ona profeaaion. — Ed.] 



fiOYAL XNSTrrUTE OF BRITISH ARCHITECTS. 
Award of the ilalala and Priza 

A Special <>eQeral Meeting of the Membera was held on the 
6tb ult., FrofesMur Donaldson, President, iu Uie chair, to take 
into cunsideratioQ the reoommeudstton of the Council with 
respect to the award of the Koyal Gold Medal, the Institute 
Medals, and other special prises for tbe year 18G4, and their >«- 
oumnieudatiuns with reference to the medals for the year 18G'V 

The resolution of the Council, containing their recommenda- 
tion with reference to the award of the Royal Gold Medal, vfw 
first read. After some discussioD it was decideil tlinl the R'->>"»1 
Gold Medal should beawnrded to J.-iiniesPeiinethorue, Fellow. The 
Report of the Coaucli relative tu the deaigusanddrawioga recetval 
in competitioD for thf^ Institute Medal, the Soaue Medalliou, 
the lato Sir F. K. Scott's special prizp, and the Students' prize iu 
books, was then read, and the priKes were adjudged as follows. 
To Mr. J. Tuvooor Perry, AaMociate, for a set of dmwiugu, 
sketches, and description of Bodiam Castle, Sussex, the Institute 
Meihd aud five guineas. To i^lr. Ilarry G. W. Driukwnter, of 
Oxford, for a oet of drawings, sketches, and descrjpiiou of St 
Mary'jt Church. Itlley, Osou, a Medal of Merit. To Mr. Jamflfl 
Hedford, of Manchester, for a set of drawings, sketches, and 
description of Croxdeu Abbey, Staffordshire, a Medal of Merit. 
To Mr. William Mansfield Mitchell, of Dnbliu, for a set of 
drawings, sketches, aud description of Jerpoiut Abbey, Kilkenny, 
Ireland, a Medal of Merit. To Mr. R. Pheoe Spiers, of Pimlioo, 
AssocLiite, for a set of drawings and descriptiou of a doaign for 
an institute for the study, practice, and performance of moaic, 
the Soane Medallion. To Mr. J. Staoey Daviii, of the Temple, 
fur a set of drawings of a design fur a mansion, the lato Sir F. 
£. Scott's prize of Ten Guioeaa. To Mr. Thomas Brown, of 
Sheffield, aud to Mr. Jamed Howes, juu., of Loadon, for deiiigus 
for a gnte-houae and guard-house tu a fortified city, a bath, au 
oriel winrlow, a newel staircase, a gi-onp of furniture, &c., the 
Students* Prize in Books was awarded to both candidates. 

The Btibjects for medul* and prizes for the year 1865 were 
then takeu into consideration, and approved. 



BRADFORD WATERWORKa 
The Doe Park Raertwir. — Tim Hrailford Waterworks Com- 
pany have cnnatructed three reservoirs for tbe purpoae of supplying 
V) mill-owQors an equivalent for water which the company had 
abstracted from certain streams in the locality. The Doe P&rk 
Retiervoir is one of these, and is capable of coutainiug 1 10,000,000 
gallDUB of water. The thrte reservoii-a have together an area of 
ftb'>ut ICO acres. The outlar in constructing thfse reservoirs has 
secured to Bradford valuable drainage grouuds amounting to 
above 10,000 acres, the water from which ia both pure and siffL 
The coiidoits for bringiii;j the water to the town are more thou 
30 mites id length, and include 6 miles of taunetling. The works, 
which have cost abont half a million, were carrieil out by Mr. 
Leather aud Mr. Rooke, C.E, Leeds, and Mr. Gott, C.B., of 
Bmdfonl. The subject of the security of the Doe Park Reservoir 
hoflon several occasionshcen brought before the House ofCommona 
by Mr. Ferraud, M.P, and in conse*iuence tbe Government 
oommisaioued Mr. Rawlinituu, C.E., to vliit and report upon it, 
as baa been previously stated ia this journal. Since Mr. Itawlio- 
Bou'a report, tbe Waterworks Committee bare requeete>l Mr. J. 
F. Bateman, C.E., to ins|>ect this reservoir, and rejMrt upon it. 
This Mr. Bateiu&D has rtfcenlly done, and feeling that the subject 
is of great importance, and that ths results of Mr. Batcm&u's 
careful examioation will be interesting to the profession, we place 
before our readers his report to the WalerworKS Committee: — 

"Geutlemeo, iu compliance with your rei)ue6t, conveyed to me 
by a letter from the town clerk, under date of the 14th of Jattuory, 
I examined on tbe 27th uf tbe same month, Doe Park Beservoir, 
with a view of giviug SQ opinion upon its preaent condition. I 

31 
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was nccompiinled to ilie frrnimH hy the nmynr, Mr. Turner (the 
vlinirniiiti of your comtiiitt»'^\ iho tnsm cleik, niid nilier members 
of the o'>rp«'naif>ti, nnd by Mr. ,1. W. IjthlUt^r, Mr. Gott, :iuil Mr. 
It'Mtk^^, ihe fiiyiueers who hail been engagetl upon the work. We 
were met nt tlie reservoir by Mr. Ferrami, M.P., itr. llulbort, 
Mr. Bennett (Mr. Hiilbert'ii colliery nianajter) nutl other personn 
intereetetl in the Mfety of tlie reservoir. I bnd pointed out to me 
on the ffTonnd nil the varioug |HiinlM nt wliicti the wwlcr was 
Nii)i|K>«cu ti) Iw U'akiag from the reKervoir, ami the drniu8 by 
wkich the leakage was c/i|lected and conveyed nway, and all the 
imprrfeclionaiuthe different parlsoftbewurk which were su|>|H>sed 
Ineiirtt. My tiLteiilitiii wiui also direoled by Mr. Fermnd to all 
tbp fircimislniicea which iD his opiuion were deserving of con- 
■idix-ittiou, such 111 the abi^eDce of a aide channel for carrying 
off dood-wnters; the sufficiency nr non-eti!Bcieocy of tha means 
of pfwsiiig off rtiich wat*r; powtible injnry to the stability of the 
bank which may have resulted froinlhe trenches which have been 
cut into it for ilie prrpose of re|)«ir; the neceaoity of hftvio^ a 
rcni'leut wntchiu:iii, uiul tlie danger of removing clay from within 
the site of the resTvoir. The reservoir wa« foil and overflitwiog 
at the time of my inf)pecLinn,and tbe water had to be drawn dnwij 
(by opening tlie vnlvfis of the disohni-go pipes) to eoablo uie to 
enter the colvert through which the water, l>oth from the dis- 
cbtirRe pipes mid ibe wame nne«, i« carried away. Aeconling to 
the infcirmntinn ( received, it ai^fwarH tliat the valves were closed 
Irt allow the n*i«ervoirt.. till on tVi* Slat of December, 1S(>4, and it 
was filled and running nver on the I ■'Vth January. It had therefore 
iKren full Tor twelve days at the time of ray vidit. 

The qnantity of water iaaningat vanotiii pointM at both sides 
of the vidley, ne;ir the foot of the bank, and throDgb the joints 
of the ninsoniT of ihe culvert, was conatdemble, »mouDiing, as 
ne.trly »A c-nhl becstioinlrd, to abuat :^0(),DOU gallons per day. 
It waa however, in all cases except one, perfectly clear and 
colonrleiMi, intMottin!; Ibnt no wiiste of nmlerial was taking ptaw. 
In the OLte of the Kfni^le oxc<'piinn, diHcolounttlou did not arifie 
from waate of material, bat from thy oehreoue character of the 
water, which gave il a reddish, turbid appearance. Thin water 
waa r4*prei«ent«d lo ite gradually collecteil from au old c^^l drill 
or heading, which vriu cut across by the ptiddle-treuch of the 
embaiikineiit. .It which }ii>int it was perfectly dry. tiverythiuft 
was, it Was ntated, ni.ide secure aod water-tight at the point of 
crossing: and itapiwara, from observations taken, thai in October 
IBGl.when tb<! reservoir was empty, the water from the drift 
pnssiag over a L2-iocb gnuge-boan), was 1^ inch in depth, while 
at the time of my tnapecttou, after the wet weather, wbiab had 
filled the resprvoir in twenty-five days, it was only If inches. 
Oon'ug the mimmerof 18((-1, remarkable for the absence of rain, 
and the low state of the springs, it increased f of an inch over 
the aaroc gang**. The obvious iufcreuoo is, that this water is 
supplied from other sonrcex than the reser^'oir, although that may 
contribute to iiicrBase tlii volume. 

Water iasiiei* in sL-vernl places in that jKurt of the discharge 
culvert which lies between the waste well and the centi-e puddle 
wall, but there are only two cases of snfficieut importance to 
require notice ; uue ia that which comes from a pijw, I^ iucli in 
diaiiteter, which has been iuserted iu the invert of the culvert, 
for the pnr|H>jte of discharging wnter which wiu met with at thai 
point It ij* fcniil to fliiw constantly, whether the reservoir i« full 
or empty; and when I saw it, it was issuing languidly, withont 
nay forct-, aUh<>u>:h the water in the res«rv<ir stood t^3 feet above 
il. The other cnse was that of water iitatiing under some pressure 
from « joint in the masour}'. JMr. Hulbert stated that near this spot 
he had observed, on a recent visit, a jet of water, abf^ut the size 
of A "pipcxtt-ni," n-hich isMued from a joint about two feet from 
the boLloui of t lis culvert, which 'u> notuow viiiible. It wasatateil 
tliat this vtnn t" lie .-iccouuted for by the fact of some men having 
been, iu the nieaiiiiuie, employea to caulk, or point up with 
cement, several joiuts through winch the water paaaed, with the 
intention of drivirn; it all to one spot, where itsonantity could be 
more easily detcruiitied, and that the result was the strong issue of 
the joint which I observed. The jet alluded to by Mr. Hulbert 
appears to he the same which Mr. Verrnnd spoke of as arising S 
fuet iu bbiglit itbove the point of issue, by the force of presanre, 
having evidently misiiuderstood Mr. Hulberl's description. 
Water iu couBidfrnble quantity Issned from the paved tail bay, 
at tli(i lower end of the cutvu-l but hII this camo out charged 
with BO mtidi ochreous mattiT na tn colour nud coat over the 
pAving. litis ftppeamnce iuilicntet) the pnibahitity of the water 
liaviog paaaed for some distaooe through beds of ccal-shale. 



and is incoDsistent with &Dy dangerous leakage or waste of 
materials. 

One IsAkage on the left bank of the Btream was said to haT« 
broken out tor tl)« gritt time, a few days previous to my visit. 
The qtianiity amounted to about ^ of an inch over a 12-inch 
gnuge, and the water was perfectly clear, from which I infer 
that it coidd not have been of so recent a date as wns supposed, 
ulihongh it might not have been previuusly observed. It flowed 
priDci|mlly uut of an old drain, which might have become stopped, 
and so farced out the water at a fresh poiuL 

Almost all leakages toll their own story, and give evidence 
which may generally 1>b implicitly trusted. If the water issues 
without force, and perfectly free from discolouration or matter in 
suspension, there is no danger, although the amount may be con- 
siderable. It is an evidence either that waiter passes through 
ti>i8iire» of rock strata, or through sand or gravel, without wasttf 
of niAteriaJ. Il is possible nevertheless that water may have 
passed through or in contact with the earthwork or puddle of 
an embankment, which it may have wasted or carried away, and 
may thus have lost the discclouration which it would have 
iuevitably obtained by passiug Hubsetpientty through a bed of 
aaud or gravel before it made its appniranee .it the surlice. This 
Is an improbable siippoaitiou when the water issnes close to the 
ffjot of a bnnk, but should it occur, still thprw is no immediate 
danger, and the leakage nud itM attendant circumstances, if con- 
tiumdty and carefully observet), will disclose the true slate of 
the cose in ampl^ time to allow of measures being taken to pre- 
vent mischief. If the leakage is stationary in quantitv, or 



decreases, the circumstance iu either oise is a satisuctory sigu. 
If it iucreises, but stilt remains dear, then there is a probttbility 
of the existence of the condition of things supposed; und a settle- 
ment of the Imnk, following the waste of material, and imme- 
diately over the spot at which it has occarred, may be looketl for. 
InuniHlintB dmiger however from such a eaui*e, if that he the 
oiity one, is not t^i be apprehcndeit, but, of course, a reserrolr in 
such a stale must be drawn down, and meaus taken for remedy- 
10" the evil. 

Now having regard to all theAe circuin stances and onnaid orations, 
I am of opinion tliere is no dangerous leakage from the reservoir. 
The quHuiity U large considering tb« conipmratively small height 
of the bAnk, much more than could W desired; bat so long as it 
remains stationary iu quautily, with the reservoir full, colourless 
and free from matter in suspension, and no unusual or uneven 
settlement of the bank takes place, no mischief is acoming, and 
there is no grouiut for apprehending danger so far as the leakage 
is concernetl; but there are other important pntnts to connider 
with reference to the stability of the work, which 1 will now enter 
up'iu. The rcAerv^ir has on one or moie previoos oocasiona 
failed to retain water with safety after the works ha\-e been sup- 
posed to be Suished, and the reservoir tiss been filled, Thene 
failure.s appear U> have arisen mainly frum two causes. 1. From 
till' fact of th« pudd!c trench not having been carried down nor 
ticfl nt the ends to sut^cieutly retentive strata: and 2udly, from. 
imperfections in the puddle wall iteelf, which allowed water 

fium thnuigh, and created what must have been dnugerous leakt. 
I was the wish to 'liscover the places at which these imperfec- 
tinufi existed, iind to remedy the evil, that induced Mr. Gott to 
adopt the bold anil hazardous experiment which was condemned 
iu the curly part of litst summer, and wliicli was abandoned In 
consequence of ihu onrrespondeuce with the Home Secretarv- 
This was to sink a trench on the outside of the puddle wall. 
reUioiiig snch a qnnnlity of water in the reservoir as would 
keep its surface several feet above the botioni of the trench, so 
tltHt the pressure wouUI force the water through tlie iuiperfeet 
|>arl« and indicate thu places at which reiioirB were necessary. 
In this way Mr. Gott appears to have disc\>vered where the im- 
perfeclious were, nud he has cousequeuily been ahl« to refHur 
tbi'iii without reconstructing the enilKinhment. He has also 
deepened nud continued the puddle wall, so as to tie it to more 
retentive ground than was done at 6rst. 

A "fiuiU," or dialnoiaiou of the stntta, crosses the valley im- 
mediately i>elow tlie sii« of the embnukment, and is what ths 
oulliera call an *' upllin>w." This f nit is ukid lo be watertight 
near the Hue of ruptun.*, but tho strata near are broken and 
tilted upwanls till they haveas6nme>d a very iteepuicliuatiou, dip- 
ping tn the mmth-eoHt, and poii^fqtiently iulo the hill, in a onu- 
trary ilirecliiiu to Ihefnlt (d the valley. Wherelhcv iwiss under the 
i'mb.inkmeni they nie ud so highly inclined as near tlie fault, but 
they still dip in the same d'lrevtiou. Thisdispoaiiion of the itnte 









IfcflLUU) 



THE CIVIL KNGINEER AND ARCHITECT'S JOURNAL. 



125 



Ii4a » Ttty important b^oriog on tbe stAbiUty of the work. H&d 

I tbey iDcliool in a coutmrjr direction, dippiug dovn tbo v&llcy 

[ iiiBtead of up, there raif;bc have been the danger of the baok, or 

a portion of it, or the bAite on which it st<:HxI, idippiiig dowowartla, 

ma ID the case of tlie Bradfivld fCcfturvtiir of the Shvllidd Wat«r- 

I works, capocinlly wliere the Khsorii^IiI liuvr bcvn tubricateilor tbe 

llDfttoriiLiwftenea by the wuterwtiicbevidenLlj' finds its wtiylhroutth 

Libe broken and di&l<jcati^l Hli-uta. Anil iR,thereUnQ fear uf thin 

idangvr, ami from ihe examiuation which 1 have made of the 

rpluiB And KOctioDB, showing the extent and depth to which the 

puddle walla have b<>«D carried, there Mema every rensoa to 

hope that effeotual means have been inheu for remedying, ns far 

u pooBible, the imperfection a which hnve been dincovered. 

Still the work of reparation has been very rapidly exeeuUtd, and 

though everything at present indicates security, there ha« hardly 

jet iKen sumcient time fur perfect consideration aud satisfactory 

Lte>t. It ought to be mentioned that s^ttue of the water whicFi 

llireaksoat between the fault and the f<H)t of the embauknient, 

l.ftnd appears as leakage from the reservoir, ia probubly due to the 

I pecuUai' geological condition of the ground, ami ii not attributable 

■ to the reservoir. 

The provision which ban been mnde for carrying off the 6oo<i 

waten is sufficient for the purpose; bnt as much apprehension 

ih»M been excited on this point, especially in conseqneuce of the 

fdisMlroas effects of a very heavy flood "n-hich occurrwl in the 

liune valley, in July 1856, previous to the construction of the 

LrMwrroir, and which filled the neighbouring coal workings with 

[water, it will be well to exemplify tbe case by a few nbMrved 

*&ctaand calcalntions. The flood watersare discharged byraeana 

of* eircolar well or swallow, the top of wTiich fnrma iho waste 

w^ir, the inlerhrtl L-irciimfireuoe of the well lieiiig ilie length of 

the weir. This ia 40 feet, and it is assumed by Mr. I^eather that 

no flood tfl ever likely tooccnr which will exceed a depth of 24 or 

: S6 inoheA over this length. This is equal in cpuiutiiy of water 

i>«omiDg off the gmnnd to i50 or 300 cobio per wcond from every 

f tOOO aonfs of collecting ground, and to a depth of upwards of 

1 7 iochrti t>vur thu whole surface, shaald it coutinae to flow at the 

l«Miia rate for 24 consecutive hours. Such a quantity of water 

lAowing off the srruund would probably represent 9 or 10 inchea 

|[<rf actual rainfall in a day, an unheard of quantity in tliis district. 

I llie provision, therefore, may reoaonably be supposed to be 

•Dfficient. 

The total gathering ground above the rewirvoir is IIKW aerca, 

and the total quantity to be discharged over the waste weir, at 

tite rate of 30^ f«et per second from aach lOOU acres, would be 570 

Oobie feet per second. This would require a depth of about 

S7 inches, which would leave the surfnoe of the water still nearly 

4 feet below the top bank, and it might therefore be passed off 

without any danger to the embaQkoieut. The cnlrert throngh 

which tbo water flows from the bottom of the well is capable of 

carrying away a much greater quantity without pressure and 

without danger. Flood;) iiiaj, however, occasionally occur, which 

at their mHximum volume for short periixis may exceed the 

quantity asaumed by Mr. LeiUber. Such must have been the 

I ^ f1»^^ ou the <H!cat>iou of the flooil df July 1856, which drowned out 

^the ooal workings tn the valley below the embaukment. The 

^ ■dbet of reservoirs in to reduce and moderate, and, if they be large 

KiODgb, U> absorb and destroy such sudden floods. For instuice, 

if they occnr at »ea»'ii9 when the reservoirs are empty, they may 

not be siifTicieDt to fill them, in which caae there would be no flirod 

at all below the reservoir. If the reservoirs be full, tlien the 

riflooi! baa to qpreml iiHelf over anexteiisive surface instead ofbeing 

^Oonfined to a narrow valley. In the one case it may rise many 

fc*t in an hour, whereis iu the other c«»e it may be many hours 

in raising a foot. I have before me the record of alt the great 

Bloods which h:ive <>oimrti>d at the Manchester waterworks <luriug 

t hiat seventeen or eighteen yt^ars, and at many ot)ier places in 

the same r.iTig» of hllU in which the Krailford waterworks are 

oc^«truot<i), but where the elevation of the liilts is mach greater, 

the (ieclivitifrt of the mountaiu aides steeper, and the rainfall 

Inaeh in e^ces* of timi which has becB obaarved iu tbe dr&inage 

Ikrenof the One Park R<*servoir. The e have t>eeu very few floods 

Iwhich have Bxwevit*! the volume provided fnr by Mr. Leather, in 

Idaaigotn/ and executing the Bradford works: but I have an 

llUtuicr at the Mancbt-Hter waterworlti of » flood flowing at the 

fnaeof 376 cubiufcvt per second from each lOOJ acres for two and a 

half hours consecutively; another which for seven bonrsand forty 

nioDtea averagol ^00 feet per seoontl from 1000 ncre#, and one 

DOe, from somewhat doubtful data, appears to have reaehed 



at its maximum 6O0 cubic feet per 1000 acres, but this wag for* 
very limited periotl. Assuming, by way of illustration, 400 cubic 
feet per second from 1000 acrt-a, or 700 feet per seconii from the 
1900 acres of drainage ground, and the reservoirs 31 acres in 
extent brimfull at the time of such a flood, it would take several 
huum iH'fore the depth nvsr tbe waste weir ruse to thirty-three 
inches; when the quantity paaaing ont of the Doe Park lleservoir 
would be equal to the quantity flowing in, aapposiug no water 
were drawn through the discharge pipes. For this length of time 
tbe flood would be less by reason of the reservoirs, though full at 
the time, than ii' the valley were left in its natural state. No 
danger, therefore, need be apprehen<led on the score of tbo 
ineufliciency of the means for diachargiug flood waters. 

With re«)>cct to the absence of a aide channel for carrying off 
flood waters, I can only say that, though suclt an nrraugemeDt 
would have been convenient and desirable, 1 do not whsider it 
essential to the safely of the work. Supposing there wpr« no flood 
at the time, the reservoir could be empU'eil by thiMlisclmrgti pipes, 
if nef-d be, in lens titau two ditya, and even with a flood the opera- 
tion conid hardly bo prolonged beyond four or five days. As far 
as my means of judging enable me to form an opinion, I do not 
think timt »iieh an interval would be slteniled with danger. It 
is alleged tliat it in injurious to out away material from the inside 
of u rt-servuir, and couplnint is made that the clay for the puddle 
has been so obtained. The propriety of adopting this twurse 
depeutls entirely ou local circumstances. If the walor-tightnesaot 
a reservoir depeu<[ ou a thin snperticini and unbroken coating or 
slrahim ofclav resting on open materia), then it would be injurious 
to remove it, but where water •tiglitnes^t and security are obtained 
by sinking deep into the bowels of the earth till a retentive 
stratum h met with, from which, a water-tight puddle w.-dl is 
raised in the centre of the bank, material within the site of the 
reservoir may generally be removed with impunity. 

On the whole, therefore, although I ainnot pronounce the 
reservoir to be in a perfectly satiafnctnry state, 1 believe the 
embankment to be secure, and the work free from danger, the 
provision for passing the flood waters sulfioieut, theaiTaugemmts 
for discharging the water well designed and executed, and the 
reservoir cip."ible of holding tbe quantity of water re<ininjd by the 
fllst section of the Bratlford Waterworks Act, 1854. I consider 
it, however, necessary there should be a resident watchman, and 
that the quantity aud chaarcter of the leakage and all tbe circom- 
■tances of the reservuir nud works sbouTd be narrowly and 
carefully observed and recorded. Any change which indicates 
waste or iJanger should be immediately attended to; but so long 
as the leakage remains stationary iu quantity and free from 
colour or mutter in suspension, and the embankment retains ita 
proper aha|)e, 1 believe it is far better to leave the work alone, 
thiin to endeavour to reduce the leakage by any method whidi 
would disturb the ground, 

Iu conclusion, I may be permitted to say, In answer to remarks 
in the correspond enoe which have takeu place, tlml I have do 
connection with the reservoir, or the Bradford Waterworks, and 
that I have never profcsaiounlly been consulted by the corpora- 
tion with reference to the works Ibey have constructed, except aa 
to the Uarden Beservriir, in which case I have reoonimende<l the 
recuustruotioa of the biuik. 

J. F. Bat£>um." 



The A'isw Graving Dook^ Sutuigrland.—Th6 New Graving Dock 
at Snuderland has jtiat been opened. The vessel first to enter 
the Dock WM a ship of 1400 tons burthen, and to secure a auffi- 
cieut de|itli of water up to the sill of the graving dock for the 
admission of a vessel of such largo ditneusions was a work of 
some Ubour, a large quantity of dfJtriJt being lodyiil outaidc the 
eofferdam. The dredger Snmson, and a large number of labour* 
ers were set to work in the ln'ginning <if the week, an<I by Wed- 
ue9day rooming a snflicient depth hi*d been obiaine<l tu allow of 
the ship being floated from the dock basin to the sill of the new 
work. The fallowing ore the dimensions of the New Dock: 
length of tirMt portion on blocks, 250 feet; ultimate length of 
dock. 450 feel; width of lop 75 feet; wi.lth of bottf<m, 40 feet; 
width of entrance at H feci above high-water onlioary spring 
tides, W feet; depth on sill below high-wster ordinary spring 
tides, 16 ft. (J iu. It was first iutended to have this new woi^ 
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420 f«et in length, and ground baa been miide by the depoitition 
of rock and earth in a siiuth-ejiaterly direction to carry out this 
plan. The cotnmiaiion, however, determined to finish a MCtlou 
of it £riO feet in length hefore proceeding with the rest of the 
worti, and the oontract for this was let to Messrs. Uirst and Sans 
for £]4,1.)00. Instead of entrance pitas as in the old dock, the 
entrance to the iiev dock ia closed by a hottow iron criisaon, 
mAnufucturetl by l^Iesars. Hawks, Crawabny, and Co., of Gatee- 
head. The caissun ia coniidcrabty cheaper than wooden ^ntes 
would have been, but much skill is uacesrary in fixing it in ita 
place, and it will be some time befoi-e the dockuieu get accua- 
tomed to it. It ia about 8 feet broad at the top, on which there 
is a roadway, with ropes aod raiU on either side, and bulges out 
to a much greater tliatneter towards the boctom, where the 
chamber for the rccaptiou of the water is formed. When the 
caisson is required to fit into its place, at the entmuce to the 
dock, water ia admitted iuto its interior by means of valves in 
its sides, when it gnulually sinks into its position, hermetically 
sealing the opening; wheu it is requiniil to be removed for the 
iogresa or egress of veaaels, the water ia pumped out by luoatis of 
AD apparatus worked upon a platform within tlie caiitsou, aud it 
ia floated to aside. The dock will be emptied by means of a 
culvert running to a well some four feet below the level of the 
dook, from which the water will be pumped by a powerful cen- 
trifugal pump, which raises 1000 gallons a minute with ease. 
The pump, with the steam engine by which it is worked, is 
situat<>d between the two graving docks, and is used for the 
emptying of both. 

Liquid Glue. — The use of this substance has become very 
extensive in France, and It may be useful to give the process by 
which it is obtained. A kilogramme (2^ Ih. avoirdupois) of good 
glue of Cologne, or Glvet^ ia dissolved in a litre of water in an 
earthen pot plunged in hot water, Uie water lost by evaporation 
being leplaced. When the glue is completely dissolved, ont>- 
Bftb of a kilogramme of nitric acid at 30" Centigrade ia added; 
the acid tlirows the solution into a violent state of effervescence, 
and a quantity of reddish coloured gas escapes. Wheu the min- 
ture has become quiesi^cut it should be well stirred, set aside to 
cool, and placed in well-stopped veaseta for futuro uou. 

Metallic Ceiling. — Mr. I-<itt1e has invented a syHtem for the 
couAtruction of ceilings, which cousiaia Id the apptia-aion to the 
foisting ofverjthiu stamped ductile metal, iu ortiamental em- 
Doeaed panels, of such sizes aud shapes as may be required. 
These stamped pauets are fitted for every kind of decoration in 
colour, and, if Inserted an plain surfaces, iut\y be used as the 

f 'round for every description of cartoon puiuting, cumbiuiug wiUi 
ightness and durability 'trtistlc and ornamenUt effect, at a com- 
paritively small cnat. Besides its applicability to the ceilings of 
rooms, and all public buildings, churches, iS:c., ibe system may 
be made use of with the same elTect iu staircases, halls, and por- 
ticoes, aad even on the walls of rooms. It atforda tlio menus, 
when coupled with an iron framing, of making theaires fireproof^ 
thus avoiding those sad oontingMiicies to which these crowded 
buildings are %o ex[Hi8cd. 

Puhiic Works in Neic South Wales. — The o|>euiiig of a branch 
railway from Blacktnwn to Windsor and Richmuud, which took 
|>laoQ on the 29th Knvembor last, was an event of much impoi*- 
taooe, not only on account of the bonetit it has conferred upon 
a populous and fertile district, but also in relation to the ques- 
tion of railway comnmiiicatidu in the colony. In order to lessen 
the coat of this nilway, the wurkn are much lij;liter in their 
character than those on the trunk lines. Should the new rail- 
way realise the expectations that have beeu indulged in, as to 
the suitability of the works to the nature of the traffic, the ex- 
perience gained may U; of vnlue iu the eonstiuctiou of future 
lines. — At Newoiatle, prufrrcss is being made with the vnrious 
works for the improvenioui of the harbour. The northern break- 
water is being proceeded with: upwurds of l^Oo tons of stone 
were deposited in November last. The ballast is 8U])plied by 
Teasels coating at the port. Preparations are being made for the 
repair of the southern breakwater, which was daumged by galea. 
Along the greater portion of the new wharf tbo water bus been 
deepened, and vesseJs drawing sevetitecn or eighteen feet of 
water cau now go alongside. The stcnmcrs* wharf is completed, 
and plans are being prepared for a commodious goods abfa to be 
erected close to it. 



The Coliegiaie School of Strattmrg, in virtue of a bequest by 
M. Lamey, formerly Judge of the Civil Tribunal of that towu, 
offers a prize of 3(X)U frs. for the best eaaay on the following 
theme: — " Should art be submitted to rules ?" On what do they 
rest 7 Are tliey absolute or rebttivc, or partly one and partly 
the other 1 How ia their auihorit^v to be reconciled with (t*9- 
dom of inspiration ? " The prize f« open to ull the world, and 
the essays, which may be writtou in French, German, or JjatiUj 
are to be sent in by the 1st of January, I6[)7. 

Pnmmatic AppUcation of Ammoniaenl Gat. — M. C. Tellier, 
whose pniposed application of ammoniacal gaa to locomotion haa 
been previously noticed, now suggesls a more simple application 
ofthe same substance, that of nsingiitorre.itea vacuum or partial 
vacuum, for iuduatrial purix>se«, such fir iustance as the empty- 
ing of oeeepools. The method proponed u> be employed is to nil 
an iron receiver with the gad in questioo, and couvey it to the 
spot whci-o the vacuum is required. At the upper part of the 
i-eoeiver is a small reservoir coniaining water, and which com- 
municates with the interior of the receiver by means of a stop- 
cock; wheu tbia is opeuei.1 the water mpiitty absorbs the gaa, and 
the required vacuum ia obtained. The quantity of water nucociogry 
for this purpose is said to be in the ^irofiortion of aix or seven 
litres to a cubic metre of gas. Ju onler not to lose theammouia, 
this ia allowed to escii)'(t into another similar reservoir at the 
lower end of the receiver, before the conuection is opened be- 
tween tlie interior of the latter and the ceaapool. With thia 
arrangement the total cost, in addilir>n tn that of the apparatus 
and the original supply of aniiuonui, would, according to M. 
Tollier, be reduced to the value of the ci'miI i-equired to dieeugam ■ 
the ^iiM from the dilution, and tliis he eKtiniales at four or fivQl 
centimes the cubic lutitrc. M. Tellier c-miempliitea many applt- 
cutions of thia principle, but tlie abjve will sutficiently illustrate 
h[« views. 

Public MunumenU in France. — The labour, talent, and exp<>n8e 
bestowed on the public establiahmenu and monuments of the 
country have beeu enormous. Extensive restorations and deeura- 
tious have been executed in the two ^leat edifices of Notre 
Dame and Saint Denis, as well aa in mure than twenty churcbMj 
in various (Kirts of the Empire. The ancient Cite de Carcas-] 
Sonne, the Roman theatre aud umpLthentre of Aties, the Chateau 1 
de Falaise in Calvados, the Templo of Diuno, and the Homaa^ 
Ampitheatre of Nimws, the Temple of Augualiis aud livy at 
Vienue, the Abbey of Charlieu, in the department ot the Loir^ 
the Ui-atory of the Templars at &1etz, the Chateau of Fierre- 
fonds, the Chateau of Blois, the ram^mrla of Avig-ion, aud other 
monuments of historic interest, have been repaired. Of the pub- 
lic establish raents, directly or indirtfctly onnuected with art, the 
building where the archives of the Empire are kept has be«n 
largely extended, aud the School of Archftology annexed thereto 
has had a special building provided for it. The restoration of 
the Palace of the liiBtitwte has be^u completed; the arrang&> | 
menta of the new echoo] of Fine Ai-is lemiinated; the old Cba- 
teau of St. Germain hns been almost entirely restored, with the 
view of couvertin),' it iuto a grand museum of Gallo- Roman pro- 
ductions; the arnuigemeuLs of the interior of the new Ixiuvro ' 
hare been pushed forwarti: a fine now p.-illery baa beeu prepared ' 
for the works of the French School, and thrown open to the pub- 
lie, a number of new rooms uTi both floors a«liled ut the gallery 
space iu the new portion of the builrling, and several of the old 
rooms have been re-embelHshed uml armnge<l at cousiderabla 
ciwt; the corner building ofthe Tnileiies by the river, known m 
the Pavilion do Flore, ai well as a section' of the grand picture 
gallery adjoining, have been completed as fi.r aa the masonry ia 
concerned, and the whole ofthe n^inaining portion ofthe gallery 
has been levelleil with the grtmnd, aud ii< now being rebuilt iu 
the style of the adjoining work of Ileni-y IV . ; the recoiisit-uctioa 
ofthe Bibliotheqne Tmperiale has been energetically pursued* 
and the new reading-roiun, inot^lelted somewhat after that of the 
British Moseum, is covei-vd in, aud will soon be really for occu- 
pntion; the famous manufactory of Sevres has been entirely 
rebuilt; aud the new Opera House has been carried ut> from the 
basement to the first floor. Tliis is a long list, perhaps the long- 
est ever furnished by a single government, but it is far from 
complete, although it includes all the principal works eonnect«d 
with art which bavo beeu supported by the budget of 1664. 
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THE MANAGEITENT OF TOWNS.' 

IV.— TA* Cilg of London. 

Tue eitorroone sod still tDcre&sioK ati-«am of trnffio thnt flows 
through the oaiTow street t and mindly grinds away the Btirfnco 
of the pKveraeat, whatever itn iiiAt«ri\t ni&y bo, utu ouly wJlh 
grcKt rlifficiiUv be diverted iiitn other chwiiiels when n particular 
street is closed for repair. The choice of the beat luateriala for 
paring, aod of modes of extKUliog the work, ia therefore u( very 
grmt con««qiien«>, both with reaped Ut ecviiininy, aud the ctm- 
veaience of the puhltc. Wlinro thcso two luip|i«>n to clasli, it ia 
freqaeutly nei'caswry to execute the works with regard to economy 
of lime, rather tli»in of money. The piopertii'S of various (ciiuls 
of (lavement iti respect of hanloes^, uiimbitiLy, nnfrty, and free- 
diim from noi^e and duHt, have cuuseiiuer'ty tieen iiiaiie the sub- 
ject of study ftud experiment f<»r .wveral veara. SLitementa upou 
thene mattept, and apoa qaestions of cteansiiig, watering, and 
^■ravelling the aiirfac* of paved roails, hnve been uinde, on several 
ucouinna, by Mr. Unvwood, biJth in liia annual reports and iu 
BCpaiato doGUttieuts cnlled torth by the groniug importance of 
the subject. At the present tinic the pavements in use are 
I gnnite pitching, and wo<'>d, with Bmall |>orlioaa of macadamiited 
tvMdway and ex|veriniental patdiett of iron sud other pavements. 
For several years past the only |M.rtiMn of maciuJaniised ttwd 
within the city hna oonaisted of thitt in Finshury -circus, a qiiift 
locality of light traffic, wliere the prevention of noise is an im- 
poitaut consideratir.n. About forty years since this syaleni was 
ID u{ienilii)ii in amue of the busier stn'L>t», under tlic direction of 
Sir James M'Adam, hut the experimt-nt waa nut considered 
^ulisfaetorj by the authorities. At the pruseut time, when pome 
iflf the West End streets are Wing ni.icndiimlsed tlie qneslinn Itod 
an inoreased amount of interest, butilniny he remarked that the 
tradic III those aireuta nmifMirea in do way witl) that io the Ciiy, 
the narrowness of the City streets being taken inro .locount, snd 
it is highly probable that, even if the nmcadaniised rnjulway is 
fi>uud til be upon the whole itpsirable in hucIi ulreela, thisJitference 
of C'Udiiion will demand an e<)u:vi ditfeteuce iu the sysU-m of 
pAvcmcnt. 

Beiweeo the years 1639 and 1851, ahont thirty-two atrect«aud 
portions of streets were pavetl with wood, but in 18&:t, when the 
question of wowl pavpment in ci>m|iari8nn with granite wa« re- 
purted upon by Mr. Haywood, twi-iit,y>three i>f IheMC places had 
been repaved with stooe, leaving nine portions of wood pave- 
acDt still in existence. From Lhe facts given, and the engineers' 
opinions, we gitUier that the mxt of wood waa conuiilerMbly in 
•xeeas of that of stone, and w;ia likely to be still mere su if wood 
L were siibjccted to the severe tmffic of some of the bnnieat street*, 
'iuid were kept io the state of ropair in which granite iti rcgidnrly 
maintained. Nevertheless, wowl pavement, as conipnred with 
•lone, in so pleasant, both to pedestrians and to tlie iidialjilanLs of 
the sireoia, that it may properly be used in some jilaces even at 
increast'd cost. At present the streets paved with wood consist 
wholly of those iu which the quietude under tnitho which belongs 
pecolinrly to lliis pavement is considered by the cilizonn of very 

freat imporianee. They are laid by Mr. Cnrcy, tlio paleniee. 
t ia coucidurc-l ut-cessary to sprinkle the sarfnce thinly with fine 
Ip-avel in frosty weather aud in very greasy slates of the street*, 
and an oecns:on;i1 dressing indurates the surface. With this pre- 
aotion and ttie necessary repairs the pavetiieuta appear to h« 
safe and comfortable in nsoi 

Ad exiwrimental portion of cast-iron carriNgo-w;iy pftveroent, 

eoDsisling of jmlygnnal open bli'cka loi'^king to esich other, notched 

Upon the edges which form the surfnc^, and tilted with gravel, 

Wtts laid in Lendeuhall-stieet towards the end of tb« year IMS, 

and relaid upon a bed of concrete iu November 1856. but. having 

, into bad repair early in 1857, it was removed in April of that 

ar. leaden ha II -street Is in the line of great .-md heavy ir*ftii-, 

'mnd may be said to offer a aevere test tor any kind of pavrmcnt; 

■o it i-4 to bepresumcd that Eomc grounds wore seen for ant icipniing 

- » more satisfactory resntt from the u-w nf c.-istings of an improvpii 

ie^criptinti and much her.vier; for iu M.iy 1S02, Hiich bloi'kit were 

down in the Poultry, which is very mirn'W, aud has the 

atest ti-riffic of any of the City atreeta. From the nnrrowneea <'f 

he street the wheels of vehicles are drivan into regular linee, aud 

quickly cut deep chnnnela ta the hardest licsrription of grnuiie, 

which necessitates the 8top)>nge of the tliorou^hlare for m>avmg 

lhe whole width, at 5«quent iatervali. This pavement luiving 
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been laid in connection with a cast-iron tram whicli rau along 
the curb, became so much cut iuto at iu junction with the tram, 
that in December 1863 it was taken up aud rel'itd over the whole 
suHHce, the tram being omitted. This pnveiuent U Knap's patent, 
laid t>y Crook and Co., contractors. 

It is to be retimrkcd that, except where fiiilure occurs, a very 
long time is reqnired for fully testing the value of iron aa com* 
pared with other pavements. Their 6rst cost is heavy and they 
are not capable rif being used up so entirely as is the case with 
granite, which is useful, in one shape or another, to the last. 
The near and tear of iron in iiuleed very small, and this is au 
important consideration in the City, whciu the tirst cost of a 
pavement is not a consideration of prime imfmrtance, as the 
troiihla and losa to the public resulting from taking up and relay- 
ing A (mvcment arc such as to inducit the authorities to choose 
that which is mortt dutnbli!, even thoui;h the cost may be sume- 
whnl iu exccfts of another which is less so. 

The granite paving in many of the narrow streets which have 
but one tine of traflic, ci.-UHiBis of a Iniad tram of large blocks 
of stoue laid on each side next lhe kvrh to tJiku the wheels, and 
of small gmuite cubes* between, lliis is the easiest kind of pave- 
ment for horses to draw over, giving a eniooth snrfsce for the 
wheels and another surface snificienily rough to affoi-d fooi-hold 
for the horses. Hedman's ))&tout ci'tti-irou irams have, on account 
of their dumhilitj, been used in some cases instead of granite. 
In ouch streets the horses and the wheels tise forced into those 
pnrts of the {lavrmcut which respectively suit them the best, 
where the alrevta are wider this is not the case, aud the sets are 
laid so as to hutt against the kfrb, or with <ine or two countra of 
'the ordinary paving seta rnu hmgHndinally a^'aimil the kerb. 
hardly forming a cliaunel. hut, no tlouht, facditating tlie flow of 
watiT ill some degree. C;isl-iron (.-liannel.i, slightly di.ihed, have 
alsit hieu used, hut the nature of the truthc diffen so mut»>riallv 
iu ditferent streets that no one phin is cuusidered suitable for atl 
aises. 

Iu narrow streets of great traffic, where the wheels grind agninst 
the kerli, a c-hauuel is soon cut in the hardest granite, and where 
a tram is laiu in ^utdi n street this chsnnel is cut at the line of 
junction between the ordinary paving and llie tram. Various 
plans have l>e»-n tried by the engineer for reducing the wear ami 
tear at this point, amongst othera the cast-iron pavement else- 
where referred to, nnd a tram intriKiuced by Mr. Carey wlddt 
prnsenis a brond surface of cast-iron chise to the kerb where tha 
wheels run, and has its outer side toothed, so that the altornnte 
courses of 3-iiieh granite cubes bond into it, uid leave uoatnitght 
joint Io catch the whechi. 

The general description of psrvement now in use in first-class 
Bt reels is A herdeen granite cubes, 3 inches on the surface, 9 iucbes 
deep, an<l fn>iji 6 to Jii inches in length, laid so ns to forma very 
perfect bond. The foundiition varies with the nature of the 
subsoil, boi in generid a bed of br<*keu granite M inches thick 
is laid, and the ptivemeiit in net on a layer of gravel. Tlie sur- 
face iathen grouted with liquid mortar. This applies (except as to 
the fonndalion) to new |iaviug only, but the amount of new paving 
that is lequiied in the (Jiiy in oidy so much as is necessary to sup- 
ply the annual wear and ti-ar. The great bulk of the wurk consists 
iu the relaying of old paving materials, nnd with rispect to this 
the followiug extract from a very full rtf>oit, l-y Mr. IlaYwnod, 
upon lhe comparative value of diilerent paviu)^ niaieriuls 
(1-i .Tnly, ISW) will give an idea of the s>8t<-ni in Uf-e : — 

"The practice pni-sued in all casts, with rt-gard to the carriage- 
way pavings, ia to lay the new granite in the lending thorough- 
fores, and after a certain nnniuut of wear li:<» hevu had of them 
— when the stones have either lost cfinsideiahly in depth, or 
mjnire redressing before they can be relaid with ndvaiiioije, then 
instead of performing that tixjuhlesotne aud tedious operatiou in 
the principal thomughfures, and causing lhe iuconveniencv to 
bu^inefss and the ii-»fHi% by stopping up main stre*t« fi>r long 
periods, new stone is laid down aud tJie old Mtoue is reUid (after 
it has been redresMCii) iu some street of less trnflic. This custom 
has been, moi-e or less, pursued for many yeitrs — it has not been 
iuvarinblft it is true, for, ss in all such nrmugemcnts, economy 
has not been lost sight of, llii rcmovul of alouc from a priucipal 
thoroughfare lins depeudeil in some degree a]Htu the require- 
menis of other localilies; as, for exnmplc, whether suitable pUcea 
to receive the worn paving weie iu need of lepanitiou, or re- 
paving, At the same lime as the larger thopjuyhfjircs, or whether 
arrangcmeuis could Ife made for at unce carting away the stoue 
from one to the olher^ &c,; but of Inie yeni^ (he increased traffle, 

S3 
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and the addilinoAl incouvffDienco experionced by the etoppAge of 
an luiportaut highw»y, has icduoed ^otir hooonntble cuurt to 
mfikeciti^iHerable sacrifice io this particuUr, and stoues are now 
*»rcely ever dressed iu the main ihorunglifiires M'ithiti your 

{'uriitdiution, but are atoiice either cartod away directly lo other 
oc&ltties, and rhere dressed aod laid, or to the atone yard, where 
after dressiog they are ■ubscqaeatly carted out and re-laid, when 

and where ivouirc"! lndee<l, with tlie exception of the portion 

worn tiff by tne frictinn of the tratBc^ not a fragment of granite 
paving can be said to be loet. AAer paasing ita Hratyeara in a 
leading thoroughfare, it goes into a secondary thoroughfare antii 
completely wnro down and rounded, and will oven then com- 
mand t^ie before-na ined price, not even a frament that ia kn<)ckod 
off the ui^mpnneut Htonea, when undergoing thenperaUou of being 
dresttiid into nhafie, ia liwt; an It ix made avaihible either directly 
for macadamizing, or forming aab-stnita to other pavements, ur 
if such employment cannot be found for il, it will always cum' 
maud a ^'khI price by ita ttale. In truth, granite, nnlike wood, 
which is duhject to d»compoMtion, can only bti said lo be worn 
oat when it has been brr»ken up for macadamisation, and then 
cruslied into powder by the vehicles" 

The cngineem' estimate for the duration of granite pavement 
in a particular street of connldernblc, bat not exoeuive, traffic 
was from 16 to 18 years, mure or leati, it would then be removed 
to streela of inferior traffic, there it would last for an equally 
long or longer perioti, and under snch arrangements as have 
be«o described granite cube<i might last from 30 to 40 years, and 
would still be valuable for other purposes. 

The pavements, especially thone in the principal streets, are 
carefully inspecte-l daily, as already stated, and all depreasinnH at. 
once repaire<1. Tl^e engineer has stated that this priMlncen a 
positive saving in expense, as the stones when out of regmir 
suffer to four times the extent of siinilar pavement when in 
good repair. There tire therefore conatant trifling reparationa 
performed without stoppage of the traffic, being chiefly done 
before 8 o'clock a.m. When patching appears to be no lunger 
effectual or ecouonuual, they are repaved. 

Street Cieanting und JFaiaring aiui Removal of Duit.—h\ each 
of the four districts into which the City is now divided, as 
menttrmed uoder the head of Inspection, thecteauMingaiid removal 
of doAt are let to a contractor — the w&teriu<{ is lei HHjiarately. 
The streets, courts, alleys, the public markets ant^L all other public 
places or thoroughfiireB. are cleansed everjr working-day. From 
April to September, both included, this oleausing ts, in the 
smaller streets, ]>frfuriaed between 4 o'clock in the morning and 
1 o'clock in the afternoon, and during the remainiug months it ia 
done between the hours of 5 a-ni. and 2 p.m. The main streets 
are cleasned between 4 and 9 a.m.; and these etreeta, as well as 
the public markets, are in addition cleajsed every Satujday 
alXornoan, at such times as the inspoctura may direct. The 
contractor Is bound to cleanse any street a seooud time in any day, 
if directed by the inspector so to do. Courts are, where necessary, 
waahe<I by means of the hose and jet, evidence of which may be 
found io the items of /I46 D<. 4^ and £Hi 19«, paid during 
1863 and ltiS4 respectively to the wnter companies for water 
supplied by them for that pnrpose. 

As regards streets having both carriage-ways and foot-waya, 
this cleansing only takes p|;icc on the carriage-ways only. When 
it has been oomplete<l, that is by 9 a.m. in the best streets, at 
which hour they should of course be clean, the inhaliitauts are 
bound by law to cleanse the foot-ways, depositing the dirt, tlie 
amount of which ts uot inconsiderable, upon the newly cleanseii 
carriage-way. It is certain, frnrn freijiieut observations, that very 
many of them supplement this <tKpo8tt, coniniry to law, with a large 
addition in the snape nf domestic dust and ihe refuse of trade: 
the attention of the coniniissioners has been drawn to this, but 
tlie remedy ia In the hands of the police, who alone can detect 
nfieudera, and it is uuder the police act the offence is punishable. 
It nevertheleM goes on openly in localities of a particular kind 
all over the metropolis, though dustbins aie provided aud can be 
emptied, free of cliaree, as often as the hoaseholdera see 6t to 
require. By those who are reJipnjialUe for the condition of the 
streets in respect uf comfort and hoitlth, this is felt to be a crying 
metropolitan evil. In the prrneut state of the police regulattouM, 
ill which the attention of the constables appears, perhaf>s neces- 
sarily, to be directed, not re>{ularly towards infractions of the law 
while they are growing into customs, but spasmodically against 
such as h ive become too gross aud open to be longer overlooked, 



we would say that this is of the latter class, and sboold be taken 
in baud without delay. 

The dustmen are bound, twice a-weck at least, to call at every 
house, iind ascertain if the o»mpiers require the dust to be taken 
away; if required theu or at auy other time, they must thereupon 
remove the same, the penalty for omitting either to call or to 
remove the dust when required l«ing twenty sbillingfi for each 
ommisslon. If a man demands money for this service, the ood- 
tractf^r U liuble to a penalty of w.u shilliugs. The work must be 
eomplcted before 10 o'clock a.m. in those main streets which are 
required to be swept before 9 o'clock. The c<:iotent8 of all public 
dustbins, wherever situate, are to be cleansed out daily, whatever 
may be the nature of the contents, under a penalty of twenty 
shillings. A uy man uot wearing hla badge while at work incurs a 
penalty often shiliiucs. All sweeping of streets, and all the dust 
and athes from the nouses are to be directly carted away from 
the City, ou a penalty of ten pounds for each cart-load. As to 
the actual infliction of penaltieis, evidence of which is of more 
value than statements of mere liability, it may be mentioned that 
upon the occasion of an attendance at a sitting of the court of the 
sewers commission, the contractors who were then summoned for 
such offences as those here named, were fined in sums which were 
likely to influence their future conduct for good, and we ooderatood 
that these eases were not exceptions to the rule. 

Notwithstanding the means that are taken to cleanse the 
streets, the traffic of the city is such as tn cause in some plact-s a 
lai-ge accumulatinu of dirt very early lu the ilay. It wnsiitle 
almost wholly of the droppings of liorsea, which, whether worked 
op with water into a thick mud and trodden over the footways 
ur ground lo dust, forms a very decided uulnance snd a cauae cf 
damage to property. lu such pltces tb(> trufiic is too great to 
admit of the streeta being readily cluausod during the day. An 
attempt was made some years since Uy effect this, by meaoa of 
men and boys, who kept up a constant coUectii<n of the dirt, 
without allowinjcit to become spread over the road. This, which 
was known as the " street-orderly system," wns reported apoa 
by Mr. llaywoml, who admitted that the streets were kept in a 
very clean condition, but the coat of the system was very much 
in excess of the estimate made by its promoters, and it could 
only be carried on at considerable rink of accident to the 
scavengers emjiloyeri. ft did not enable the commission to di»* 
peose with the regular morning eweepiag, and there whs besides, 
this disconragiog piece of exporience gained by the experiment, 
the cleaner the jwivement wa« kept the more slippery it became, 
aud the number of aecideuts to horses was su large as to induce 
the omnibus proprietors to roi^uest that the system might be 
abandoned. The continuous disturbance of the dust by sweep- 
ing during the day was also complained of as producing a 
greater nuisance than existed under onliuary circumslaiicea. 

The principal streets, over 120 in numt>er, are watered twice 
every working day, from the S5th of March to the 29th of 
September. The flrat watering lakes place either before the 
sweeping or af^r, as may be directed by the inspector, but muat 
be completed before 9 o'clock a.m. The second watering is com- 
menced at nooD and completed by half-past 2 o'clock p.m. These 
streets are also once watered ou every Sunday before 10 o'clock 
a.m. There is a fin»^ of twenty shillings for every street or 
portion of a street that may have been ncgk-cled. 

Ttio pavements uf some streets, such as Holbom-hill, Ludgate- 
street, and Skinner-street are tbiuly strewn with gravel once 
every day, atid arraugementa are mhde iDanllcipatioQ of sever« 
frost fur gravelling tliu wholu of the main thoroughfares at atiort 
notice. 

Great attention has been bestowed by the engineer upon tbe 
various conditions, atmoapherlcal and otherwise, that afTeot the 
surface of pavements aud the degree of liability to accident. 
The modes of cleansing, watering, aud gravelling are determined 
by the experience giuued in the management of the materials 
available for use in this country, and by study of Uie best 
foreign examples of pave*! roadways. 

The apiiearaiico cf Uto stix'eta, both in res{>eet of tbe materials 
of which p:ivemeuts are composed and of tbe condition In which 
they are kept, is such that no other district rtf any size in tbe 
metropolis can be brought into favourable comparmon with tbe 
<.'iiy ill thiaresfjoct. The main streets in mauy places are indeed 
well kept aud the coiKlition of others is improving, but tbe 
efforts which are now being made by many of the surveyors lo 
the dinlrict boards need to he well supported by the members of 
those boards, ia order to substitute for muou of the old aud 



«*r*. iMn 



THE CIVIL ENGINEER AND ARCHITECr'S J0T7RNAL. 



127 



UfMveo pituTiing of mftnr itreeU a kind of pKv«ni«Dt Uiat 
can b« twd tritb ufetj, and can without mach difficulty be k«pt 
tolerably clean. Ooe of the great otwtaclen io tlie way of this, 
'whicli ocxiaiRUi in the frequent ojienin^ of tliK ntruela by gaaand 
wmter eaapaaicn, ia vortny of particular attention. 

We bare dwelt npon tb« qaeation of paving and itreet 
deansiiig at aoiiK length, iMtaiuae we Itelieve its importance to 
be beyond what ia oniiuarily aeeo, and the at&te of the streets 
voder the Couaiiiuuonera of Sewera preaenta what ia, upon the 
irhole, a favourable condition of matters. Their officers in the 
«agiaM»riDg and medical departroenta have fr«<iaenUy upheld 
the tmth, that the cU'anliu<-^«i of the dotneetic habita of t)ie 
■Msupl^ and theirbeatth depend in agreat meaaure u|>on the cleau- 
lineai of ihe tCreeta, and if the soooeas of the ayatem i« not 
complete it i« owing is a great degree to the peculiar difficaltiea 
of the citae in baud. 

Gtu Lighting. — ^Tbe state of this qnciLion \n notaoautiiifaotory 
•a to justify anv lengthened notice of it. Three oompaniea have 
pipaj^e wiUiin the City» and ccmiplaintu of the quality of the sup- 
, ply anil ita pricu have led to iiiqiiirit->s and rupurta uimu it. The 
loaCler haa oeen for aoinc time in a slate of transition, and the 
filial aettlement of the question is uncertain, and probably distant. 
The oommitwiou have introduced the prictice of burning by 
metre atlaclwtl to certjun teat Ump», and aloo that of atrburetiug 
the gaa, and the engineer anticipateii conMiderable gain asi well 
u more complete aatiafnctiou from these changes. With the view 
nf nlilising aa far aa [Ktssible the supply that is obtained, he has 
introdiiciHl a new pattern of lamp column and lantern, so designed 
*• to retluce the amount of ahadow to a mitiimiiin, while R|iace 
it provided iu the baae of the poHt fur the metre aud carburvliug 
apparatuH, with a door for aoeesa. These have now been 6xed in 
large numbers aa renewals became neceaaary. A five-ligbt lamp 
eniaoui has also been introduce^l for uae at the restiug-places 
I Bpoo die principal erouiogs of streets. In 1351 the proportion 
of gaa-ltgDts to leagth mod area of streets, area of the C'ity, and 
nnmber of hottseti wac aa under: tlieir unmber is aiitoe then in- 
creased: — 

I lamp to 33 yards of street, or 54 per mile. 
1 do. tn 281 yania saper of atreetor a square of 16| yards, 
1 do. to 6 housea. 
I dn. to lt>97yardBBuperof tfaeareaof Cityorasquareof33yarda. 

For the preservation of the full u»e of the public way by the 
pnblic the extent to which hnuHehulders within the City may 
enjoy certain privileges over aud under the footways ttiat are 
ordittarity allowed in towns, is de6ned in standing orders, which 
are mainly as follows: — 

Private tamps projecting over the footway may not exoeed 
13 inches square, 3 ft. 6 in. in height, or 4 feet in projection from 
the fr^>ut of the premises to the outside of the tamp, and the 
lower part of such lamp must range in height with the public 
lamps. No French lamp may be fixed at a letu height than 7 feet, 
measured from the pavement to the Irattom of the tamp. No 
person is allowed to erect a private lump until notice has been 
•ent to the inspector of the district, that he may measure the 
same and report whether it be conformable to the standing order 
of the commisfliouers. 

The wHlid and arches of vanlta mnst bo built of good hard 
stock bricks, one biick ami a half iti thickness at the least, and 
the springing walls must be at right-angles with tlie line of 
frontage. The top of each arch to be at least 16 inches below 
the surface of the footway. The external face of the brickwork, 
or the extreme projection of tlie front line of the premises, mast 
not be greater than the line of kerb, and must not, in any case, 
exceed 10 feet, whatever mav be the width of the footway. Ovens 
bailt Ijecieath vaulu mnst be entirely independent of the walls 
fend arches, and the surface of the crown of the oven must be at 
least 12 inches beneath the under-side of the arch of the vault 
Openings for coals must be niiule aa near the house as poasible; 
tlie coal plates must be circular, and of not more than 12 Inohee 
in diameter, lei int« rebates in the paving. They most be of 
trott not le«i than J-inch tltiok, and deeply chequeretl on the sur- 
flue, or if light u desired, the of>eniug between the iron bare 
must Dot exceed 1^-incb, aud mast be filli*d with ghias lenses. 

lo openings over areaa, whether open or ghizeil, the projecttoo 
of the gratings or frames fn>m the front of premisee (measured 
«t 1 fool above tlie ground) muMt not be more than 12 Indies, and 
IIm length of the grating must not exoeed G feeL Where mure 
than one of thwe is permitted, a D-inch dlviilou of bard stone, 



D inches in depth and resting upon brickwork for 6 inches at each 
eud, mnst be placed. The gratings or fi-ames must be let into the 
kerbs and ran with lead, and must not be made to open — open grat- 
ings must be madewUb frames or borders, the bars running at right 
angles with the frontage, an>] not more than 1^ inches apart, 
they being not leas than |-inch in width, and of 1 inch sectional 
area. Glazed gratings mo>t be similarlv constructed, bnt the 
openings may be 3 inches wide filled with glass I inch in thick- 
ness. All areas under the footway th:it are not covered as above 
decoribed, must be covered with Vork stone landings 6 inches 
thick. 

Cellar ofMntngs or flaps must not exoeed 18 inchse projection 
from frontage, nor 4 feet in length; they must have kerbs of 
hard stone 9 inches upon the face rebated for the flaps, which 
must be fastened from the inside and mnst open outwards^ 
these must be made of oakwood only. No staircases may be 
fixed tieneatb cellar flaps, and openings to basements are not 
granted for the purpoae of constant aoocM, bat for oeeaaioDoUy 
raising and lowering goods, or removing dust, too., and they must 
be closed when not io actual use. 

AH private drains under the public way are constructed by the 
contractor to the commisAion, und«r the direction of their en- 
gineer, and upon payment of the estimated cost 

Therules under which hoards, soaSbEds, and shores may be erected 
have been rendered much morestriogentsiuce the passing of the last 
City Sewers Act. Formerly liconois were graotwi by a dtfferout 
authority, and there was no elfectual supervision, the result being 
Uiat the streets were blocked and disfigured, in many oasee for 
mouths and even for yeara, by these obetructioos. Even now the 
system of letting the hoards for advertising is found to be sneh 
an inducement for keeping them up beyond the time that is 
necessary, that very strict supervision is needed. The following 
are the regidatinns now in force. — 

"That no license foe a hoard ur scaffold be granted for more than 
two munthi. 

That no board or scaffold project into the eams^way of any street 
without esfmcaal rsasmii, which should b» ■Latnl on th« Uceiise. 

Tliat no scaffold be enclosed «i) ss tn {in^vont |taMengers passing 
ander it; hut that the lower stage of all •cafToldii he close [ilaolcsd, and 
proper fans and oclgeboards be pat out b^>m the same, and any inch add!- 
tiKoal procautioas adoptud as may in the opiuiun uf the inspector of tbe 
dutrict be requisite for the safety of tlw pultlic. 

That no materials bs depoated bsneatb any Ksffold, bus that if it bu 
necsesary for the public safety to inotoee a scaffold, or to place matinials 
under it, it thkli be licensed ss a board. 

That no board be allowed to prujeot further than the feet of soch 
rakuig or other shores as may bo peosseary fur the Mfotv of tbe boildiBg 
and of tbfl public, nor for toe erection of any now building, more than 
6 fsst wbsrs the fout pavemsut is wida enough to sdmit of socb projsc- 
tion; nor beyond tbe extent of the footway pavement in narrow stresta, 
unless in eases of espeoial emergency, whtab shall be stated upon the 
license. 

In all cwtM where it may b« safely practicable or needed, a boarded 
pUtform, four Utt in wiilth, with a skint poaVaod-rul fence oatstde, or 
of such wiijth and dimensions as the iiiiiMCtor of the dulrict may require, 
be coustruotcd in front of erery board. 

That box boards be subjects of especial license. 

That when Itoensea are granted for hoards io front of buildiags about 
to be pulled down, proper fans fur the protection of foot pssseogeis shall 
be recjuiix-d to be formed. 

Th«t all pUcfnrnM nr pmjeotioas beyond the line of *urb shall be 
watched anu lighted at night. 

seal.! OF CBABOI FOR UCRStSBS. 

For Itoardi. s. d. 

To remain ool more than two weeks ... G per foot lineal. 

To mniaio over two weeks and not mors than 

foar weeks 10 „ 

To remain over four weeks and not more than 

ei^t weeks 1 * t* 

For Scagddt. 

To remain not more than two weeks 4 „ 

To rvmun over two weeks, and not tuore 

than f«ur wc«ki ... ... ... ... OS ,, 

To n-nutin nwt four weeks, anJ not OMire 

than oigbt wooks ... ... ... ... 10 „ 

^er «ae4 Smm^q SKwt. 
For four wecki or lea, 5«. 
For more thsn four wesks, and not exceeding eight weeks, 10s. 

Houat Drainage. — When application is made by a builder for 
leave to drain premisee into a public sewer, a plan of the 
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jiropertj proposed to be drained an<l a Kction of the drnins, with 
tbfir coiuicction with the sewer, are pr^iared tn a nniforiu scale 
bj the eof^iorar, who nUo makes on estimuta of the cost ut 
drainage, bo far an it is under the public way, to bo paid by 
the proprietor. A copy of the drawiug is furnished to the 
innpector of the dintricl, who toei ihnt the work is properly 
execnt«>d, ADd cotes up<ja it aay departuic from the plau that 
may bo rendered necessary by the nature of the work. Thia 
documeDt is theu depoeiled with the records of the cotamiasioii, 
and cao be referred to at any future time hy iianiea ititerented 
in the property. Thia plan wits commeDced by Mr. Hiiywood 
in IttAI, and there are now exact records of tliu drainage of ail 
the later erections in the City, and of building that have beeu 
redrained, atnonntin;; to a very large proportion of the whole, 
aod which will be extremelv u»eful in all futum dealings with 
the vlrainage of premifiea. 

Improwmfnt9 of StrtetM.~-The more ext^nsire intprovementa, 
tfaoM l» main lines of communication, are undertaken by the 
Corporation under powers {{ranted by parliament and by inenna 
of fiinda provided uiulur llio same authority — Caonou-atreet, 
Farriagdon-road, the modificaliou of thoroughfarea comiuuni- 
cating with SmithBetd, and the propoHcd raisiuj; of the liidboru 
Valley, have been autlioriaed tu thia way, and have not beeu 
exeoated by lh« Sewers Commission. Everyone, however, 
who is fomiliar with the City will have noticml the ^ndual 
widening of iaiportant streets, the opeuiug up of hii]|'-c:lo«<ed 
Alleya, and rounding of obtru»ive oomofs, which ia going on 
alowly but with a persevoreuee that, in the course of a few 
yeara, makea important chnngea in those thorough farea which 
most need impmvemeut. Thewj worka are carried on by means 
of funds provideti out of the rates and under the powers nf the 
Sewers CommissiiMi. who appoint annually an improvement 
enmmittee to attend to this departmeul. Whrnevor a building 
ia about to be putted dowu fi>r r«j-fivctiL»n. ilie engineer, having 
notice thereof, asoertaina whether it is in tl<«« line of any coo- 
teraplated widening of the street, or whether auch widening 
would be dcoirable Kor this purpose plans are from time to 
time made of Incilities whore improvemeuta aiti desii-able, and 
are at the aarae tima likely to bo withiu the means of the 
commission to carry out. A liue uf fi'Oula}i;e is determined upon, 
the alteration liein^ designed by the i;n>{ineer and ap|iniv»(l by 
the commiMioD, and in all cMva of rebuilding, as before men- 
tioDed, negotiations are entered inl«i with the ownern for pur- 
chase of so mach of the property oa ia roqairod for setting back 
the building to the line of frontage. 11' necessary the cum- 
pulsory fioweni given by the Paving Act, 57 George ill., are 
exercised for the purchase of the pro|>ertv, the eurplua land is 
lot upon building lease, and within a fixed time the ground lenta 
are sold. The large amount of rebuilding that has been going 
on for some yean nas enabled the authorities to effect extensive 
improvemonta, and when once au improvement is commenced 
the opportunilifs for cnntiuuiug and cuniplfting it occur with re- 
markable rapidity. Within VL-ry fuw years Newgato-street haa by 
this process been very materially widenotl through nearly ita 
whole lenrrth, and the improvement will probjihly soon bo complete. 
Sii much of Chanuery-laneHH is in the City lint aiNobeen widened, 
Upper Thames-street from its junction with New Bridge-strcot 
is rapidly beini; similarly dealt with; the narrow thoroughfare 
at the enst aid of Tower-atreet has given place to a widestreet; 
aud ext«n4ive improvemeuta have been projected a^d commenced 
in the narrow pnrt %t the eastern end of Konchurch-street, in 
Qntcecliurch-sirt^t, and in unny other places. Qrnnis iu aid 
of the widening of iiupuriant thoroii^farea have lately beeu 
made by the Metropniiian Board tif Works, and by the Cor- 
IKiratiou of London out of ha funds. It is much to l<e desired 
that tilt.' auihoritiea oouM tm moved and encoumgni to make 
similiir altenitioiis iu aides of well-known obatruciions in other 
parts of the Metropulis, for, while this proceas has for long been 
going ou in the City, the powers for effecting these improvements 
nave aa yet been but feebly exercised elsewhere. 



HERJfE BAY AND MARGATE STATION, KENT COAST 

KAILWAY. 

{With an Engmmag.) 

Im the number of this Journal for February last, an illnstra- 
tiou Wits given of the Bi-oadsiaim Station, on the new Kent 
Coast Kaiiway. The accompanying \>hae is. a perspective view 
and ground plau of the new station at Heme Kiy, on the same 
line of railw.'iy. The Kent Coast line is a bmuch of tiie Loodon, 
Chatham, and Dover itailway and, as we stated buforu, was oon* 
Htrnete>i nmicr the auporinteudeilce of Mr, F, T. Turner, C.E. 
It fa o[>en to Kanisgatc. 

The twu stations ilhixtrated in thia Journal, Broadataire and 
Heme Buy, are aimilar in character and geueral arraugemeot to 
nihei-a recently erected on this branch, which are alou from the 
dcaitus of Mr. John Newtun, architect, Salisbury-street, Adelphi, 
Ix)uaou, 

HYDRAULIC WORKS IN THE DOUBS. 
It is staled that a very important work is about to be 
undertaken in the dL'pariment of the Doobe, in France, 
with the object of economising and regulating the watera 
of the lakes of Saint Point and Keinoray, and of improving the 
river Oouh^ from ihe lake of Saint Poiut to the point where the 
Douhs empties itself into the Saone. The actual level of the 
lakes is to be lowered, 200 aci-es of marshy land rvelainicd, an<] 
the drainage of the entire neighbourhood re-arrange<J; 6nally the 
Inkea will be deepened, w aa to iucreaee and r^ulate the water 
iKjwer, which is used by ninety factories of various kinds ou the 
l>ouba. The cost is estimated at .£96.000, but the value to the 
existing factories ia set down at £24,000, and it is expecteil that 
a )ai-ge number of new works will spring up in oODsequeoce of 
the impruvemeuls tu be made. 



Society far Promoting the Builditig a/ Suhurbtin Fi/iaget. — A 
prosppctna has Itetrn iaaned preparatory to funning a society to 
promote the buildiiig of suburbitn vithkges for the mechauica of 
the Metropolis. I'nder the head of Council, it has the names of 
the Hod. W. (lowpar. Mr. H. Pownall, Mr. T. Twining, Mr. IJ. 
A Hout, and Lieut.*Col. Murray. 



PASSENGERS' SIGXAI.S TO GUARDS. 

Tmeke is much truth in the aswrtion, that if one nr two 
biHiiiifts, half a dozen memWrs of pjirliaiueni, and as many rail- 
way directnrii, were biirjit to dfiaih iit a railway carriage owing 
to the want of commnnicntion between the paaaeugers and the 
guard, auch a Dtljimity woulil bo attended with immense ad- 
vantage to the railway travelling public. Within a few weeks 
of such a Lamentable occurrence, th;it which ia now considered by 
railwfiy authorities to be very ditCcult, if not imprHCtiobl<^| 
would beaccompliahe^l without any difficulty at all, and woula' 
he found to be aa pmcticshle as the adoption of any of the 
ordinary sjifeguni-ds that have been iu use since the commence- 
luent of railway locomotion. 7'liere are now exhibiting at the 
Polytechnic Inatitution a great variety of contrivaiicea for in- 
creasing the safety of railway travelling, anil among them a i 
•Rveral mndee of ntaking comuiu[iiciitinn between the paasengei 
and the guard, and of commuuiatting from one compartment of 
a carriage to another. The least fciiHJble of these contrivnncee 
would, if necessity c^mpttlled, bo londily applied to eliecl the 
object long desirnd of being able to commiiniaite with the pUJtrd, 
aud ihe abaun) objitcliona hitherto raiaod to th^ Adoption of such 
a plan would bucaaily removeil, were ai.'eiLiiin iiumbt:r .'f cliurcb 
dignitanea, legislators, and railway uSicials, to be immoUted fur 
their country's g'xid. In a Kceut untuhtT of the New Tark 
Tim^f, John Bull ia laughed at as "the moHt obstinately stupid 
old fool that ever lived," lor not havinf adopted a plan that has 
b»*en in use iu .\merica for many years, "The simple eipwHent." 
it Is stated, " of running a oord under the roof of the whole length 
of a train, which has been in Ufte iu the United States for twenty 
years, instill pro3ionnced to tie utterly liu practicable by the rail- 
way authitritiea of England." It has been slated, as an objeotion 
to the ph^u nf a connecting rope or chain, that the connee- 
tions with the carri;igea inight bo otnilted to be maite, or that 
t1ii-y mi^hl fail to act, or that tlie uiechanism might become 
dcrange-f by the vibration of the carriage* — auylhing in sliort to 
avoid the necessity of being at a little more expense and takiug n 
little more trouble;' but iu many of the cnnirivancea shown at 
the Polytechnic Institution, that nhjecLinn would not apply, aa 
each compartment of a carriage has au indeiiendeut signal not 
connected with the other carriages of the train. The model of a 
roitatis of vttV-cling commuuicaiion between pMsengera, guards, 
and eugiue-driverj invented by Mr. Kanig, i« a apeeimen of a 
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dgiukl of this kioJ. Oa the top of each carriage a laDtera is 
fixed, and by pnlliDg aatnog the light is uucoveriKl iu the night 
time, or a red disc is displayed during the day, so that the guaiJ, 
looking aliiug the train, would see if any sigunl were made, and 
to which (xrmpnrtnicnt nf any carriage hta att«ntion or auiatauce 
wa« reiinired. The lignal once made it cannot bo withdrawn 
UDlil it hail b«en relens^ by the guard, it would, therefore, he iiu- 
pcMslble for any passenger to give a falae alarm witbuut the com- 
partnaent from which it was ginn being known. In another 
ooutrivance, invented by Mesara. Bernard h Co., a similar mode 
of making signals is adopted, bat the aignal is made to project 
beyond the iude of the carriivge, and ts illuminated at ni^bt by a 
boIlVeye laiiteru. Messrs. Bernard & Co. comprise iu their 
invention a means of openin'^ the compartmonts between the 
carriages to obtain assiatauce from the pnasengeni iu an adjoining 
eompartment; and also a method of ringing n bt>ll in the guard's 
brake, for long dUtancM, fay an electric wire 6xed nndcrnimth 
Uie carriages, and joined by the coupliu;; chains. There are 
other plans on the principle of calling the attention of the guard 
by lignals prfjjected from each carriage, it being mode an eMeu- 
tuJ |>oint iu all that the signal cannot be withdrawn after 
having been mode, so oa to render tho passengers in the compart- 
ment whence the signal is displayed answerable for stopping the 
train. There is one model ofa railway carriage, showing a means 
of allowing the guard to pass from oue carriage to another while 
a train is m motion, as is done on many of the Coutiiiealal rail- 
ways, so as to enable paMeugei*a toohtAin his asaistAnce without 
the iuoonveni«oc« of stopping. That might be impmcticablo in 
•ome instances, but there are many railways in this country on 
which the plan might be adopted, and it would not only afford 
great protection to passengera, btit would avoid the delays 
oeeasioneil by the collection of tickots. An inspection of the 
invMilions now exhibited attho Polytechnic Institution foreffect- 
inf; couininnicatjons botweuii jMuieuugers and Ruards in railway 
trains will prove that it is not from lack of contrivances Iu ac- 
complish the object, that it has not been adoptud on all tlie rail- 
ways of this country. Tbe objection, that if stich a means of 
eonimunicnticn wer« established it might lie abused by finilish, 
or timid, or JruDkenpasaengers giving uuneeenaary alarms, is of 
Tery litile weight. The infliction of a heavy Rue or a few months 
of solitary cou6uemeut in two or three cases, would soon pat a 
■lop to sacb an abuse of a means of safety that no railway 
puMSuger should be without. 

There are exhibited also in the same place aever&l other 
valoable means of a<ldingto the safety of railway travelling, by 
improved modes of making signals along the line, of stopping 
rsiiwAy trains, and prevuniiug Ihcm from running off the rails, 
bat we most rewrre the notice of them for another occasion. 



ARCHITECTURE IN MANCHESTER. 
The city of Manchester, with its surrounding mnnnfactaring 
towns, has little in the w»y of arcliiteclur»t antiipiities to boast 
of; and still Iwsof rural scenery, or indeed of the pictureoqne in 
form or uiilour, with which to attract the Jjoudon student, setting 
onton hisyearly sketching tour. It may be said to be a dia- 
ttreeable city to visit ; and the some thing might be predicated 
or moat, if n-it all (if tbe towns which Immediately surround it; 
aoch as Oldham, Bolton, Ashlon, Bury, Stockport, Hyde, and 
their respective off-shoots. Many of these towns, indeed, occupy 
sites that to years gone by have bvou unquestionably beautiful'; 
but the a>lv«nt of the ooiton trade has choked up the oiice pleasant 
Tftllevs with huge matases of silk and action mills, dye bouses and 
fooodries, monotonous iu form, aud monochromona in hue ; 
whilst everywhere in immediate couUct with tlieir Uiatrict, or 
•ran within miles of their site, the stunted, blackened vegetation 
givas token of the blighting influence of the tall chimneys 
piening the air, aud emitting what the late Cardinal Wiseman 
in a poetic mood was pleased to designate, " their waving iwunons 
of smoke." And yet, with all this and mnch more of tbe dia- 
agreeable— the frftpient falls of rain ; the reduudaut artisan 
popnUtion; the dull murky Atmosphere, and the blackcn<td rivers, 
Irwelt, Irk,aDdMedlock, on whose thick 8t.-am, if we are to credit 
Lonl Bobert ^ Mootagn's statement, the very birtis can walk 
along — there is, perha|», no town or city fn the country whew 
centre and suburbs can boast of better modem edifices tlinu 
Uanchester. 



We onoe heard an amateur describe KaDchester as *'b city ot 
handsome doorways;" and it well deserves the apfiellatioii. It is 
quite refrealkiog tu any one accustomed to tlie wearisome buihlor- 
built doorway's of London, to pnss along the main ati-eets of Man- 
cheater ; aud to everywhere recognise tbe pencil of ihe architect 
of some sort, in these features nf the city. If our readers search 
the central streets, *' where mercliaulii most do congregate," they 
will tiud many examples of these architectural fiontispieces, well 
worthy ofa place in their eketcb-booka. These frontispieces are 
most common to the warehouses, &o. in the city ; but iu its out- 
skirtH tuany of the enhurban villas also will be found rich in that 
hospitable feature, a handsome doorway. Hoapiiality, by the 
way, is a distinctive peculiarity of LincosKirelife; and this virtue 
the ample, w«ll-designed doorways of Mnnchesler do very ade- 
quately aymhoiise. They have a ntte viator, "cnt and oome 
again," look nbont them, utterly Wbutiug iu the doorways of 
the Metropolis : one may indeed say of it, there are very 
few external doorways of any consequence in or about the Me- 
tropolis, that can offer the visitor a guarantee of two properties, 
seldom lacking to the doorways of Manctiester, viz., truthfulness 
of material, and the veritable ai^u manual of the professional 
architect, Wheo we speak of this Utter, we assume, as a matter 
of course, an architect of any kind is always better than cio 
architect at all — the usual alternative of our wretchedly crude and 
uncouth London doorways. 

Nothing can be more antithetical than the arcbitoctore of 
Manchester — taking the dty aud sabnrba as a whole — and the 
" architecture" so called of London and its suburbs, taken on the 
whole. The antithesis does not owe its rise to any want of archi- 
tectural talent in the Metropolis; but to the presence of afield 
for tljai ulent in Manchester, and the almost gcnemlnheenoeof 
it iu Loudon. We fear it is n permanent evil: the tenure of 
land in M&Qcheater is usually 909 years; a term which at onca 
Bweej's away the need of tliosu odious siirvvvs for ro|»aira and 
• lilajtidatiuns so commou to an architect's practice iu Loudon ; and 
compels the capitalist or landowner of common sense tocatt in an 
architect to devise the structure that is to be his aud bis heir's fur 
so long it period. No man siu down iu Manchester to build a houfie, 
or n wntvhouse, a bank, au insurance office, or even a shop of any 
prutensiouii, without oousulUng an architect ; aud when he does 
It, with his I>!)d years' tenure in view, it never occurs to htm 
to suggest to bis architect such flimsy materials as Roman 
or Portland cement He directs him to face his building (if not 
with ashlar stone) with the choicest brick, which is usually vt 
a rich reil colour : and to work out tbe architectural embellish- 
ments or "dressings'' with durable stone, from Iluddereficld, from 
Coins, from Hollington, or from l.e»ls, and its famous quarries 
thereabout. Hence there is a reality, most pleasing to the eye 
of the intelligent architect, about moet of the buildings of Mau- 
Chester. 

There is another peculiarity about the architecture (or rather 
the buildings) of Manchester, which makes this city a very 
paradise of architects. The buildings all rise ftom the grouud 
without the intervention between their fronts and their designer, 
of an external scaffold : the workmen are in tbe habit of work- 
ing, as the phrase is, " over hand ;" and the designer can foresee 
the effect of liis details as the work goes up. Lofty and archi- 
tectural as ore the tall factory chimneys immortalised by the do- 
oeased Cardinal afoix*aaid, they all rise into the air, some two 
aud some three hundred feet high, without a vcsUge of external 
scaffolding ; and iu this way too up go the steeples with their 
lofty spires. Thus the architect — to say nothing of hia " ladle 
ascent*' to the summit of his edifice — always a deiuderatum loao 
architect, who does not every day ascend ladders, like a brick- 
layer — has a chance of day bv day seeing the effect of bis design 
in process of execution; a boon quite denied to a Londouer, 
who never, till the scaffold is struck and the eye-sore is past 
remedy, can discern the defectd of his details. 

Many of the public buildings of the city have been already de- 
scribed in previous numbers of this Journal, and notices of the 
most remarkable ones— Uie Assize Courts, the Town Hall. 
Royal Institutioii aud Athenieum, the Koyal Exchange, Itoyal 
Infirmary, Free Trade Hall, and Meohauiiai' luatituUuu, may 
there Ije found, Two of these structurea, the Boyal Infirmary, 
s^d the Royal Exchange, have uudergone considerable modifica- 
tions by new designers, since they were tint built by the old 
one* ; and, being of Classic character, have not, as might be ex- 
pected, that cougruity which edifices of their dtiM, that hav« 
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not boon subjected to this second-haDd process, ordinarily ex- 
tiibtU The Kovnl InBrmnry was originiiUy adiogy brick siruc- 
ture, ofastylar design, and lias for mnay years past been under* 
going, under tin.' ilireution of Mr. Lauc, a Kiuc] of suiui-pL-riiKlical 
cuing with stone, and bctlizouiug with Ionic oulutuun uud 
pilasters, of that severe and Ume adaptation of the Greelc stjle 
soobeerrable iu iha works uf Sir Hubert Siuirke. AuJ yet tbe 
site upon wliicli the Infirmary Htauila may be coDsidLTod one of 
the best in England, if not In Europe. There has been for several 
je&rs past a project on foot for removing the Poyal Exchange to 
th's acloiirable site, taking dotrn the Iu6raiary, and oreciing a 
uew Kxchan^ in its pIao«. Cartes, it will take a very haudsotse 
editico to do justice to so fine a ponition. 

The existing Town Hall too is likely to be abandoned, and a now 
one is projected. The prea*!nt edifice is a very superior build- 
ing to the liuyal Indrraary; being a Classic structure, bereft of its 
crowning sculpt un,-(inore's the pity),butdeeignedby no fecblohanJ, 
with great spirit anil ability. Itn large room, tliouglt now Luo 
small for tbe busy city, has been often coinmeuded, and deservedly, 
by euiitieut writers tm architecture. Should a nt^w town hall be 
erected elsewhere, it is to be hoped that the present one may not 
be taken down, or converted to any ephemeral coniuiercial use; 
bat reserved for some permanent rnunicifMl purpose, which will 
admit of its eharmiug faf4td« reaiuiniug uii<)iaturbe«t and invio- 
late. The Town Hiill is not by any means a large building, nur 
is its site an advantageous one, bat tt has about it an uudeuiable 
air of muoumontai grandeur ; is at once, so far as its order of 
achitccture is concerned, a valuable copy of an esceediuKly 
intoriisiiug uxaiuple of the Ionic order — iliat of the Temple of 
Erectheus, at Atliuns — and a highly nriginal cumj.)Ofiitiun; be- 
speaking a profound knowledge not simply of Greek detail, hot 
of perspective grouping and cAuiro otcum on the part of its 
designer. In the same street (King-street) stand two i»>iu- 
merci&l buildings, that will claim the attention of visitors. They 
are the Royal losurance office, an Italiau edifice by Mr. Walters, 
and the Liverpool aud Loudon Insurance ofHce, by Mr. Wnier- 
bouse. The latter is a Gothic structure, and, like its Itatian 
rival, is constructed wholly of rubbed stoue; but is destitute of 
the ativautago of a comer site, which the former possesses. Tbe 
two buiidiugs are well seen iu contrast from the opposite side of 
the street; so that here occurs a very fair test of the relative value 
of the two styles of architecture. Mr. Walters in well known 
■B a skilled master in ludinn dnque cttnto cromposition ; and Mr. 
Waterbouse — the architect of the New Assize Courts, so highly 
commended during the lords debate on the new Courtaof.luslice 
— may be said to be a Gothic ** foeman," younger, indeed, but 
worthy in every sense of that gentleman's "steel." The result, 
wo should say, Is wholly unfavourable to the Italian school of my 
Lord Palmerston ; and even his lordship would, wo think, admit 
the fact, were he to view these two buildings iu contrast. 

These two editices are interesting by reason of their juxtaposi- 
tion, the identity of their uses aod constructive ruaterial, and 
tbe 6toeas of their respective architects to do battle for their 
favourite styles; but as their elevations may be soea eograved 
at every railway torminnsin Knglaud, they are too well known 
to require any further architectural doscription here. 

Coii.iMiri*>na are proverbially odious; and yet, speaking of 
Manchester conktuercial buililings, one cannot avoid a com^iarisou 
between another of Mr. Walters* buildings (the Manchester and 
Salford Uauk, at the oorcere of York and Moiley streets) and "all 
Lombard -street" I/arge banks and insurance offices am rising 
in Lombard-street just at this time; but the greatest uf tbcne 
efforts in biick and mortar — and that, we humbly submit, is 
tbe bank of Messrs. Robarts, Lubbock, & Co. — is a mere pigmy 
iu comparison with this Manchester bank; whoso masjtive un- 
broken stylyb.%t<f, some S feet high, would, drawn out to its full 
tength, go far towanlrt renctiiuc half way down one entire side 
of Lorn t^rd -street. Is is one ofthe few buildings of Manchester 
occupying a site adequate to its pretensions : is bv no me;in8 
equal in merit, as a design, to others of Mr. Walters' works, 
but (albeit it is void of any cnrnmendable originality desirable 
in 80 large a work by so capable a hand) the design is wholly 
free from defects of detail and eompositiou. Mr. Walters mi<;ht 
have made more of his opportuuity: many an architect of ability 
by aimiug at more would have done leas, and perad venture have 
spoiled the whole atfair; as may be seen iu a well-kuowo ware- 
house of even more Brobdigoagtaa proportions, not far awsj 
from this bank. 



This fimous warehouse, a perfect marvel in its way of va 
uess and elaboration, if out of good laste, brings us to notice 
another large commercial huildiug, a vruit pile of warehouses at 
the end nf Aytonu-street, PiccadiUy, designed by Mr. Corson. 
Here ti uly is to be seen no ^eat amount of elaborate embetiisb- 
ment, nor even a very plentiful use of cut stoue; but there ia 
suuiethiug far rarer, and for worthier of oue's oommeudatiooM 
thei-« is the evidently thoughtful study of the architect, which baA] 
made the most of all available means. Wall space, aud window^] 
otTer indeed but simple elements for the designer; but these,/ 
with a few horizoutal bands, Mr. Cui-aon has so luauipulated asl 
to produce a structure of singular excellence. His eliente, like^ 
many otlit-r Manchester men, with "plenty of brass," have givoa 
him an elemeut of the sublime — vnstness — ready to hand; and 
Mr. Corson has had the good sense to let well alone; and to 
modestly conliue his efibrls to thu sut>eraddtng to that desirable 
element a few welI-pro)Kjrttoued, well considered, simple, and 
unubstruiiive features; whilst many another architect would have | 
overlaid hia building with preteutious detnila, aud have marred] 
the eutire enm position. The building has, we believe, been ] 
ereeteil for Messrs. Barber, and is one of the finest, if it be noi ' 
the very finest, of the warehouses of ALinchester. 



STRUCTURES IN THE SEA, WITHOUT COFFERDAMS. 

By Daniel Millbr. 

{WUh an Sitffranny.) 

The following pajier* treats of the various methods of con- 
structing the foundations of quay-wall^i, piers, or breakwaters, 
for the n>rmatiou of docks aud harbours in deep water; It describe^i 
works of this kind carried out on principles JitTei-ent from thoM^ 
uHUiilly pnictised; and points out the further application of these 
priuciples to other works of a similar nature. 

The formation of these works has usually required the adoption 
of very expensive means; and an ttay and economical mode of 
building such structures, so as to combine the various conditions 
necessary to insure solidity aud capability of resisting the 
mechanical forces to which they «re subjected, and also the de- 
structive HCtiun of exposure to the plcmcots, the boring of marine 
worms, or the corrosive action of salt water, baa been hitherto 
a desideratum. 

Several methods of founding works in deep water are at present 
practised; but there are objections to most of these systems, 
arisinir either from their expensive nature, or from defects in the 
durabditv of tbe structures. The plans which have chiefly 

fjrevailerf are — funodiny on piling carried up to about the level of 
ow water; couatrncting witliiu caissons or cofferdams; or building 
under water by means of diving apparatus. 

Th* first method has serious defects, both iu deficiency nf 
strength and of durability, as tbe piling is often insufficient to 
reeist the lateral pressure from behind tbe wall, and the heads of 
the piles being exposed to the alternate action of air and water 
siwn decay, when the weight of the wall above rapidly completee 
the failui-e of tbe whole structure. Of course where there are 
marine worms this mode is quite inapplicable. Instances ofthe 
failure of audi works will occur to many. Referring to the 
river Clyde, for example, nearly all the older quay-waDs of the 
liarboar of GlaKgow were built on this principle, aud have given 
way from lhn decay of the piles, or have required very expensive 
reiiairs to keep them up; and at Port Glasgow Docks, the w«ll% i 
whicli were also built ou that system, gave way from the lateral 
pressure forcing them out, shortly after completion, greatly to the 
injury of that port. 

The most usual mode adopted, where works of gr«at solidity . 
are required, is to resort to cotferdams, and to pump out the water i 
from the enclosed space, ro that the fonudutiona and walls mar 
be constructed ns on dr^' laud. This is certainly most effectual, 
but it is at the same tirue generally expeusive, and is o(\en not 
uuatteuded with diiuger. In many cases, too, from the nature of 
the strata, U is almost impoiulble U) form an effective cofferdam. 
The construction nf cufferdams, moi-eover, frequently requires | 
great engineering skill, besides involving vast expense; aud when 
It is ounsidered that tbey are only wanted for a temporary 
purpose, it most be conceded that it is an object of great import- 

' Fnn ttw MluiilM ot Ptflaadlsfi Inst. O.S. 
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I to derUe ■ome niMe by whicd their use can be nbrUted, 
and Dolid uid durable works can bo execut«d witliout Ihcir Aid. 

The lystom of building uuder water by means of diving-bells 
and diving-dretwes biu Iwen pri&clised to a couoiderable ext«ut> 
and the iiaproved apparatus now U8«d gives great laciUlies for 
this kind of work; but it is only applicable under pstrticular 
orcumtitattcei, and it is nlao coHtly, bcsidefl being liable to cause 
delay in the progress of the work. The Dover Breakwater, at 
present in course of oonatructinn, is an exatupleoQalarge ac&leof 
this mod« of confltruction, bnt it ia also an iustauce of the vast 
mras which may be expended on this systoD). 

In bridge buildlnp^, a grcAt innovation has been inndo in t}i« 
onnjstraclioD of the piem without the aid of cofierdiimfi, and the 
French engineen hnve been, until tatelv, in advancu iu thin mode 
of ctinatnictiug such works. The plan they pursue wau iutroducctl 
by ViCBt in IBl^; it consista iu forming euclosures of dose piling, 
or "caiases sans fouds," of tike shai)e of the pier, up to about low- 
water level, and tilling in with hydraulic concrete, or l>et.oii, on 
which the upper part of the piers is bnilt iu ihe usual niauner. 
Some important bridges in France, and many of tho^e across the 
Seine at and ne^r Fari^, such tts the Carrousel, Jena, Aitsterlitz, 
Alma, and Asuicres, have the piers formed in thi^ way without 
ooflerdania Theae works of the French engiTieers, however, 
being in some tuatanees a couibination of timnor and cona-ete, 
cannot be aaid tQ poetess substantiality and ilnmbility. and a 
chanfre was necessary, in order to enable them to compete with 
stone structures built in the uhuaI manner. Tlie mnd<-5 recently 
adopted in coustructing the piers uf the WcHttuirisiKr and the 
Cheliiea bridges without cofferdams, have effected thia, and these 
works are instance*! nf nncce-tafnl dejjartupe from sterenlyppd rulcB, 
and of the application of scientific priucipteA in the practice of 
bridge budding. 

Applicatiom of Concrete. 
In these modes of construction, heton or hydraulic concrete has 
played an important part, and it also formt a leading feature in 
(be plans for marine works afterwards to be described. 

This vfdaablo compound, though employed in Roman and 
mediaeval tiroes, was allowed to go out of use, and since then it 
has not, nutil recently, been much recoguiwd a^ a constructive 
material by the eogiiiei^m of lhl» country, who have, for marine 
purposea, placed ihcir faith chiefly in works of cyclopean masonry, 
conBiTucud within cofferdams, or built under water by the diving- 
bell. The French engineers deserve the credit of having been, 
for a longer i>eriiMi in inuderu times, alive to the value of beton, 
as an important auxiliary in hydraulic works. 

For aome time, however, its value has been more appreciated 
in this country as a substitute for masonry, and it naa been 
employed in some important works. Still, its use is chiefly 
oonfiued to forming a homogeneous and monolithic bearing 
stratoro for foundations, and not, property speaking as a 
eoostmctive material, to which latter purpose it is more especially 
the author's object to direct attenlion. In particular, there are 
bat few examples of the applieation of lir^uid concrete, deposited 
and allowed to set In the water, in the cooatructiou of submarine 
works. 

There are three modes in which concrete may be applied for 
oottatmctive purposett, — building it in maaii, and allowing it to 
■at befor« water haa access to the work, as has been adopted in the 
oonsLmctiou of the walls of the Victoria Docks, by Mr. Bidder, 
and in thoae of the London Docks, by the late liilr. Kendel; pre- 
paring it flnt iu blocks, am! allowing it to harden before being 
nsed, as emjiloyed by the late Mr. Walker at the Dover Break- 
water, and oy Mr. Hawkshaw for the new sea forta for protecting 
the araenaJa of Plymouth and Portsmouth ; and depoaiting it in a 
liquid state, and allowing it to set under water, as practised npon 
a gigantic scale by M. Noel, in the construction of the large 
government graving docks at Toulon. In the hitor case hydraulic 
concrete baa been deposited in a liquid state, in the aca water, at 
a depth ofabout^Oleet, forming a rust rectangular trough of beton 
about 100 feet wide, of the length of each dock respectively, and 
with walla and bottom about Ifl feut thick. After the beton had 
•et, the water was pumped out frani i)ie interior, an inner lining 
of maaonry to form the altars, stairs, and floor was built, the 
~ ii«on pntinto ilaplace, and the concrete side of the trongh at the 
Btranoe having been removed, the dock was complete. 
The fncilitie<4 for making beton or hvdraiilio concrete, which has 
the invaluable properly of setting un<)er water, and of thus farm- 
ing an artificial rock or stone, are very great; as it may be formed 
tiuierfrom the naturally hydraulic limes, the artificially liydrauHo 
limea or cemaut, or from the rich or Don-hjdranlic limes rendered 



hydraulic by theadmixturo of other snbstanoet, such as pozauo- 
laux mluioo, or iron-mine dnat. 

The beton made from the oatarally hydraulic Itmes, which are 
fouud extensively iu this and oth^r o>uutriea, is the most to be 
dependeil upon. The blue lias in England, the limestone of Arden 
(found near Glasgow) in Scotland, and that of Theil in France, 
are good specimens of their kind, possesdng in an eminent degree 
the prnjierty of setting under water. Of the Arden lime, the 
author and his partner have had abundantexperivnce in the dock 
works at Glasgow, Oreenock, and other places. As in the blue 
liaa, its extensive cmployraont iu the docks at Liverpool, I^ondon, 
and other important works throughout the kinedora, is proof of 
its godd properties. The hydraulic limes of France have been 
still more severely tested, by their aiiplicatiun for the formation of 
the large conci-ete blocks uaed for the protection of the seaward 
side of the French breakwaters. It may be u«ieful to racniiou, 
for C'HuparisuDj the proportions of »ume of the concretes made 
from these various limes. The Arden lime concrete, employed by 
Messrs. Itell and Miller for the foundations of tliA large graving 
dock at Glasgow, was composed of one part of ground Arden 
time, one part of iron-mine dust, one part of sand, and four and 
a half parte of gravel and quarry chips. The lUs concrete, aaed 
at the recent exteoaiuu of the Jy)ndon Docks by Mr. Rendel, 
consisted of one part of blue lias lime to six parte of gravel and 
aaud. The proportions adopted for the blocks of the Mole at 
Marseille*, were two parts of broken stones to one of mortar, 
thu latter being cum|x>sed of three parte of Theil lime to 6ve 
of aand. 

A knowledge of the mode of composing artfflcinl hydraulic limes 
is of great iinpirtancR, in situatinna where lintiinLl hydraulic 
limes are mil eiiaily procurable. Smeaton whs the first to point 
oat, that it was to the clay or silicate of alumina, In the corapo- 
sitlou of the hydraulic limes, that tbey were indebted for their 
peculiar property. Subsequently the able reeoarcbes of Vicat 
showed, by actual experiment, how all the rich or non-hydraulic 
limes might be rendered eminently hydraulic, by burning them 
with a certain proportion of ailicious clay. Indeed, to Vicat is 
due the credit of having reduced the knowledge of limes to a 
sytitem, and of having shown the practical application uf concrete 
as an eminently coustructive mnteriul. The excellent artificial 
cements now manufactured are most valiiablo to the engineer; 
and the concrete made with Portland cement can hardly ho sur- 
passed. That uaed at the new Weatniiuster Bridge is harder and 
more compact than the greater number of building stonea, even 
where put down iu the bed of the Thames, and where it Is exposed 
to the running stream. Portland cement concrete is also 
extensively us»l for the artifical blocks, weighing from U to 
10 tons each, which form the hearting of the breakwater at Dover 
and that at Aldemey, the proportions being one part uf cetueat to 
ten parts of shingle. 

Some substances, such as pozzuolaua — a volcanic production 
found chiefly in Italy — have, in consequence apparently of silicate 
of alumina being predominant in their composition, the property 
of giving hydraulic qualities to the rich or non-hydraulic limes. 
It IS of these that the concrete is made which has long been Died 
for marine works on the shores of the Mediterranean ; and indeed, 
the piem atsomeof tlie Italian portti have heencoostruoted almost 
eruiivly of hydraulic concrete. The author had lately on 
opportunity of examining, at Genoa, the extension of one of the 
moles of the harbour, the inner side of which haa n vertical wall. 
The latter was iu prrxwesof lieing wnstruclwl underwater entirely 
of poEZiti>ljiua conui'ele, simply thrown into the wa frnni baHketa 
carried on men's heads, a hoanlingconfiuing Itto the shape of the 
wall. In a short period it set quite hard, so as to enable the 
up[>er part of the wall, which is of atone, to ho built upon it. 
The outer side of the mole, which bad been previously made, was 
formed by stones deposited "a pierre perdue." Thongh thodepth 
of the quay wall was not great, ihia shows the confidence which 
the Italian engineers have in ooncrele applied under water in a 
soft state. The piers of the new basin constructed by the 
Austrian government at Pola, in latria, are also formed, in a 
similar manner, of concrete confined between rows of timber 
piling. 

But perhaps llie meet fttrikiog application ou a large scale of 
pozznolana concrete is in the trrcat mole which protects the |K>rt of 
Algiers. To form the mole, blocks of beton of immense size, soma 
to t>e immoveable by the force of the sen, were employed. Some 
of thej*e were fortueil in «iu, by pouring the concrete Into large 
timber cases without bottoms, sunk in the sea in the line of the 
mole. Other blocks of a smaller size, though upwards of 30 tons 
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in weight, where nuide on shore, being rooolded instrong woodeo 
1-oxee. After the botin had act, the boxea were removed, iiid 
Ui« blocks were laaoohed into the sea to Bnd their own level. 
The betoo for the blocks in nlu wna coin|K)MK) of oue part of rich 
Uhm in pMte, two pftrte of poKZuolnoa, and four parts of broken 
atone; tnat for the blocks made on shore was formed of one pari 
of Uoie ID paste, ooe part of poKSQolana, oae part of sand, and 
Uirve parts of bn^keo stone. These blocks set sufficiently hard in 
twenty-four hours to rosist theahodu of heavy seas, and the mole 
now stands firmly, instead of betnj;, as It was when formed of 
loose blocks of stone in the time of the Moors, nearly destroyed 
every winter. 

J'he Freuch engineers have shown great boldneea and skill in 
Uie Application of het^m, as exempliGed in the Pont de I'AImn 
over the Seine, the arches of which, as well as the piers, are formed 
of rubble concrete; in the new graving dock nt Toulon, before 
alluded to; and in the formation or protection of brttakwaters by 
ouormoLs artiScinI bhicks of bftnn, as carried out at Maraeillea, 
Cherbonig, La Oiutnt, Cette, Vendrea, Cassia, and Algiers. A 
•hort time ago, when the author inspected the mole <>r breakwater 
which encknes the harbour of Mnmeillat, ha found the huge 
reclaugnlnr concrete blocks, weighing upwards of SO tons each, 
by which its seaward side la protected on the "pierre perdae" 

Eriociple, perfectly entire and sliarp in their outline, though they 
ad been exposed for many yeani to the action of the sea. Any 
one standing upon that mole, nnd witDcsj>ii)g in n gnle the heavy 
■aaa breaking with tremeDdons force on these cuucrete masses and 
recoiling barmleissly, could have no doubt as to the efficioncy of 
eonrrete as a constrnctive material. 

Hydrantic concrete, to be effective, requires care and attention 
in its manipulation, and in the regulation of the proper propor- 
tioBS of itA materials. Any failures must h.ive arisen from 
inattention to these, or similar points, asthcre is ample experience 
to show that, when properly made, erpry cnnfidenoe may 1* placwd 
in ita atreugtb and durability. Kven where stone le nbundimt, 
this m.iterial may be ofleu employed with ooonomy aodadraiitagp; 
but where ntooe canuct be nbtaioed, the importance of being able 
to form an effective substitute out of tuaterialH of so little value, 
and ao widely distributed, can hardly be overrated. 

Contlmction a/ Dock and Quay-tcalU trithout Cofftrdam*. 

Though so much has been effected iu bridge building, little has 
yet been done lu founding and ounalructing C|Utiy-walls, piers, or 
oreakwaLeni in deep watur, of a solid and durable character, with- 
out the aid of cofferdams, diving apparatus, or other means 
equally expensive. The author has, for a considerable period, 
devoted his attention to this subject; but it is only recently 
that lie baa had a favourable opportunity of putting his ideas 
into practice upon a lai^e scale. 

In aea water the engineer haa to encounter enemies which do 
sot exist in fresh water, or at least only to a trifling extent The 
" teredo navalia" and other worms quickly destroy timber, and the 
corrosive actidu of the Hea w»ter, and other peculiar propertica, 
have a prcjufliciiil utTccL upuii iron. In couHequeuce of these 
deteriorating iufluencca, these materials have not hitherto been 
much eaiployed in sea works, where durability is essential. There 
in ui> duiiht, however, that they may be employed with advantage, 
if protecteil from the destructive action alluded to; and whatever 
materials may be used, it is desirable that the surBices exposed to 
the sea should be of coutlnaoue stone-work, or other material 
capftble of reeisiiug its effects. 

As engineers-in-chief for the Albert harbour at Greenock, the 
author, and his partner Mr. Bell, have had an opportunity of 
iutiuducing the new system there mlopted for the construction of 
seii-walts aud quays in deop water, witliouc the aid of cofferdama, 
by which a large savjug is effected, and works of great solidity 
and durability have been secured. 

The accommodation for the loading and diacharging of the 
shipping of Greenock consista of three open tidal dnoka or har- 
boum, the most recent having been conslructed by the late Mr. 
Locke, M.P. Exteuaive schemes for wet docks have been 
propowd at different times by several engineers, particularly by 
Bennie, Telford, and Walker and Burges, but hitherto no wet 
docks have been constructed, as it hoa been considered that the 
xuoderale rauj^e of the tide— fr-im 8 feet to 10 feet — does nut ren- 
der them indispensable, and the trade is found to be efficiently 
worked by the present system. Iu the additional accommodation iu 
nrogrcas, the system of haTbouna is adheied to, though pro%'iaion 
u left for cnuversinn into wet ducks, by the additiiiii of locks aud 
^tea, should this at some future period be deemed advisable. 



The new works are situated on the west aide of the town* 
and in order not to interfei-e with valuable shore ground, they have 
been projected almost entirely beyond the high-water line into 
the aen. The depth of water at the ooterlioe bwogoonsiderable, 
the amount of excavation required in the interior U comparatively 
little. The outer sea pier, according to tlie plan proposed by the 
engineers, will enclose a large extent of shore aa well as the Bay 
of Quick, and when carriM out to the full etteut, will be 
upwunU of 3(NX) ftNjt in length. Within thiti area there will he 
space lor two harbours, eacli lOCM) feet in length, \b feet deep at 
tov-u-ater, or SI> feet at high-water, with entrances 100 feel wide. 
There will also be ample room for the construction nf graving 
docks, for the storing of timber, and fur the erection of shedi. 
The two harbours are connected by a lock 350 feel iu length, by 
which one of the harbourH can be converted into a wet dock, 
with a depth of 20 feet, when required; and a gmviugdock ia 
contemplated being constructed in connexion therewith. It is 
only intended, however, iu the mean time to execute abont one- 
half of the sea pier, and to form one harbour or tidal dock, which 
will be called the Albert harbour, leaving the prosecution of the 
other wor'-'B till the growing trade demands further aci^ouimoda- 
tion. This, from the present increase of aliipiting, will he at no 
distant period. 

The depth of water along the line on which a cofferdam must 
have been constructed, had such been contemplated, is in mauy 

f daces nearly 30 feet at highwater; and taking into account the 
eugth, aud that it muat have l^ecn i)f strength sufficient to rosiat 
the Htonns of winter, it could hardly have coat lew than ;£dO,000« 
Besides tlie great coat of a cofferdam, there was aootber difficulty, 
as, owing to tiie line of the proposed new pier being cloae to Uio 
ed(,'e of the deep-water channel* it would have been neccasary to 
project the cofferdam so far into the channel, as to have formed 
a serious iiiterrnptton to the trafilc. In consequence of them 
diffioulties, and from considerations of economy, it had been the 
intention of the trustees to use timber for the outer piers of the 
harbunr, and the engineers were iuHlruuiud to make their plans 
accordingly. It wan the opinion, however, of the author aud bis 
partner, that in a »itu;ilion where the sea-worm is very destruc- 
tive, the work ought not to be constructed of such a penahahle 
material, and that it was quite poesible to build a solid structure, 
so as to avoid the difficulties reCerred to, in an economical 
niauuer. In order lu effect this, they proposed to oonstruot the 
outer pier and quays forming the seaward aide of the dock with- 
out cofferdams, so that the pier might itaelf serve aa a cuffei-dam 
for the interior ojierations in the harbour which would after- 
wards be rcquii-ed. Tliisseaward pier is 60 Feet wide at tlit top, 
having quays on boih sides. 

The mode in which the work was deeigned was, to form the walls 
under low-water of a combination of cmil-irou guide piles in the 
front, with a continuous stone &iaDg slid down over and inclosing 
these, and nf concrete backing deposited tu a soft state, all of 
which cuuld b« aonoiu|»li»ilied from above the water line. Timber 
bearing piles were to he useti iu the body of the walls where 
requii*od, and the np|>er jwrt of the walls from the low-water 
line wiis to he carried up of ma^ionni' in the usual m&uuer. 
See tlie FiKs. 1 to 6 on Plate 11, where Fig. I ia an eleva- 
tiuu of part of pier at low-water. Fig. i, a section of the sea 
pier. Fig. 3, an elevatiou of part of pier. Fig. 4, a plan of part 
of pier at low- water. Fig. 5. a plan of casing. Fig 6, a plan of part 
of pier at luw-water. Fig.7, a section of bieakwater with parapet. 
Fig. 8, breakwater. Fig. ba, plan of casing. Fig. 9, Boction of 
permanent framing and temporary platform. 

Tbikplan waa felt to be so iif>vul. particularly with regard to 
the application of the concrete, that tlmugh the trostecs as a 
body had the greatest confidence tu the engineers, they con- 
side'red it to k« their duty, before pn>ewding with the work, to 
fortify themselves by having the opinion of another eugineer. 
Accordingly, Mr. Thomas Page, C.E. wax consulted, who fully 
8alisfie<i them as to the efficiency of hydraulic concrete applied in 
the manner proposed, and otherwise confirmed tlie aouudness of 
the principles upon which the works were designed. At hia 
suggestion, granite from the Koss of Mull was pubstitated for 
freestone, for the stone facing under the low-wnier line, aa it 
could tw obtained in large blocks at a moderate price; be also 
recommended that the timber piling should be dispensed vilb, 
but the nature of the bottom ban hitlicrlo not allowed ibts to be 
carried out to any great extant. 

(To U cmtiaafd.J 
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CHURCH BELl^: THEIR ANTTQUITIES AND CON- 
NEXION WITH AHCHITECTURE. 
By Rev. J. H. Spew-ino, MJL* 

So iDQcb bu been aaid und writteo of late years on Church 
B«1I«, that, Dotwithstauding this U the first time tli« subject 
bas beea IwoughtWfore the ArchiteclumI lusittttte id the shnpe 
of a lecture, it is by no meaos easy to discourse upou it with 
any cbarm of novelty to the sciectiSc audience which I now Iistb 
the boDour tu uddre&s, oiany of you being probably as well up 
in the snbject as your lecturer. Campanology, however. Is a 
science (,1 use thiB term advisedly) which most approjiriately 
holds a place in an asaociHtiou like our own, whose object ia to 
develop and ennnciate the clo-se and inseparable connexion of 
high art with the Catholic faith, for no musical inatmuicnt has 
ever exercised ao great an influoncc upon architecture aa the 
church bell. To it we owe the most atriking oxlenia! features 
of our chuTchee, whether in the varied groups of the ojany- 
tovered city, or the <>ounlry spire, pointing amidst the trees to 
the skies, or rearing itself heavenward like a taJder of fire, as 
•eeu in the horitontal rays of the rising or aetlingaun ajrainst 
the tamo horizon of the fen country of East AngHa. Then, 
I affain, there are the hundred different forms of cot and gable 
I vnicb crest the hiirnbler village church. 

i^mctimes we find large towera standing altogether drtnched 
from the churches to which they belong ; the cnnipniiile at 
Chichester is a well-known eiaraplc tonioetofus. C'niilerbury 
kami Salisbury also yielded aimilar exaraplee, iho latter having 
been wantonly destj-oyci) almost within the memory of those 
atill living. Beetles, in SufTolk, Is another notable example; no 
U I^bury, in Herefordahire, and West Walton, in Norfolk, the 
latter forming a noble enlrauce gateway to the churchyard. I 
might name a dozen smaller ones. Now these towers were not 
Itaut for mere fancy or picturesque effect, but to contain heavy 
belisi the vibration of which woald have a gradually ruinous 
tfOeci upon the general fabric of the churches to whicb they be- 
longed, wer^ they an integral portion of them, For the same 
treason tbeeeotral towers of miusters and other large churohes 
fwere intended to be laotenia proper, and not campanilfs. The 
•xperiment was tried in a few instnnces, and great whs the 
"Qin that followed where the bells were at all heavy, as at Win- 
heatfir and Ely. Byll-towfrii jiroper were invariably as little 
Doected as {>ossiblc with their churches. With tbe exception 
f Hereford, which fell down ; Ely, which never had a large bell ; 
Hmbouroe Minstur ; and two or three other examples, we 
never see a minster proper even with a hojui fide west tower ; 
nd yet we may bo sure tliat their archttecta would most gladly 
are had them could it have been possible, for the greatpr npaoc 
[lowed for fenestration permitted by their absenee la no cqui- 
Jent (viewed intern.-illy at least) for the noble western arch 
shicb their existence would have affonled. The tame internal 
alero porspoctivea of Wincheater or Norwich will hardly bear 
omparison with the wesleru tower churcbea, oven of the smaller 
ypo of Boston or Wj-mondham. Bell-towers were placed either 
'westward of the niales, or on one side of them, as at Exeter, 
CD purpose lo Icaacn their comiection with the building, and 
guan] against tbe i-uinous shake of vibration. A virtue may, 
indeed, be said to have arisen out of the necessity, and an elegance 
and dignity to have been conveyed externally, by the double 
western tower ; but this must, I think, bo viewnl as an effect 
necessitated by a cause, rather than as an original creation un- 
fetU'ped hy circumstances. 

Whether yon agree with this theory about wcjiteni towers or 
not, wc shall all I think, concur in this, that oar forefathers did 
not build ("wers and t.pires only to put into them the forf small 
and ill-soumling article, the click of which is a standing nuisance 
to the wtratern half of Ibe Metropolis. Most old churches were 
fiimiahed with nncb bells ovi-r and above the chiming liells ; they 
occupied either the eastern gable of the nave na a sanctus bell, or 
they hung in some picturesque liUlo louvre, outside the tower 
or spire. Specimen!* of this latter treatment may be seen at 
Hauieigh, in Suffolk; Ichleton, and Hinxton in Cambridgeshire. 
Sooelimes they bung in the weather boarding of the belfry 
windows ; but thifi tatter arrangement is much more cvmmon on 
Ihc Coutinent thau in England, whole cliiotes being thus exposed 
lo view in ilie b«]fri»s of the South of France, Italy, &c. 
Though no Urger than tbe model cull- bell of a Jjondou district 
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church, tbeir tone was sweet and silvery. Neither, again, did our 
ancestors build their towera as a very uonvenieut smoke-flue, as 
was so eommon twenty years since, till we were bold enough to 
venture npon tbe good, open, honest, undisgntasd chimney. I 
would urge upon all connected with ohnrch building that tbe 
object of towers is to contain bells, spires being merelv their 
ornamental capping ; and that, unless there isagood and reason- 
able pmiipect of more bells than one, the money would be Dar 
better exjMtndei) in adding height and dignity to the inttrior, 
which in a town church, where we have uow to contend with 
the rapidly-increasing bulk of Becular architecture, la becoming 
more than ever a vital point. 

However, we must fall back upon the bcil itself. In the first 
place, it is a satisfaction to bu able to claim an unmistakably 
(Jhristian orimn for an instrument which has laid so mighty a 
hold u]K>n eccleHiastical architecture. Tbe earliest names for belts 
— "nola" and "camjiana" — would seem t*> |»iiut to Nola, in 
<'ampania, as their birth-place, and tlie 6fth and sixth century 
as their earliest dale. A favourite and expressive Medioevol 
name for a church bell was " signum," I not long ago rend in one 
of the newly-printed Eecord publications, but I have nnfur- 
tunately nn'slaid the extract, giving namea and dates ; but ihe 
fact is thin, a certain Irish biabop, who was also suffragan to the 
sea of Worcester, was sent over to Tewkesbury, to consecrate 
two new belU for the aUbe^;' church in that town, and tbe legal 
term employed for them is " dno magna signa." 

The very earliest bells were probably mere sheets of metal 
eurled into a circular shape, and riveted together nt their junc- 
tion, the top being flattem-d in. These were struck on the out- 
side by a hammer, having no connexion with the bcti itAolf. 
This, en coarse, produced no very exquisite tone. Once starteil, 
bells soon developed int>> shape and size somewhat analogous to 
those DOW in use. Thenrtof working and fusing metals together 
was a very early invention ; and the sister one of melting and 
casting not long in following. We know that both tin and 
cop|)cr ore were worked In Britain during the Roman occnpation 
of the island, probably still earlier in more civilised Europe. 
There is no reaaonable doubt that a bell, or even bells, in im- 
portant places, formed n portion of the furniture of every cburcli 
before the Norman <'on<]iiest. .Induing from tbe vast size of 
Norman towers, I think it highly probable that church hells had 
at thai time reached their largest dimen-iious in this country, 
and also aitaiued a |>ert'ection not since surpassed. The fact of oo 
bells ofasoertaiuedN'iirman dale reuKtiniug at tilt' present day, when 
we consider tbe hundreitaud onediffereut iiccidi'ins to wliich such 
an instrument is subject, is no proof in the case whatever. Con- 
sidering tbe bell as an instrument of percussion, it is only n cause 
of wonder that so many examples, even of the thirteenth, four- 
teenth, and fifteenth centuries, have come down to us uninjured. 
Then, again, there are other causes for change besidea breakage: 
fashions aa to shape and sixe and number changed also, just aa 
churches themselves were alwnys more or less under alteration 
and supposed improvement. 

fThe lecturer here resdashortMS. account of the bells in Canter- 
bury Cathe<lral (Canterbury, vol. i. p. 91, No. 453} aa one example 
out of many of lliisconstantchnnge;aod though perhaps chnrchea 
of leas note and smaller revenntM were favourable exoeplions, still 
tbisruleof change remained in a very large peioentage.] From (his 
account you will sc«, amongst other things, that bells, aa I said 
before, attained very large dimensions in the eleventh and twelfth 
centuries. 7*hey so ooniinue<l till the J{eformation ; soon alter 
which tbeartof change-ringing coming in, cuinpletelyovertumed 
the existing order of things, lender the old !>yatem bells were 
fpw and heavy, dignity of tone and solemnity being the main dis- 
demtiim, and, as thpy were only chimed, lightuees was not an 
object. Cathedral churdiea wlts nf>t allowed to pnsnrss more 
than five or seven bells, and these often not pbu»d together for 
simultaneous use; collegiate and parish churcbea, not more than 
thiee besides the sanctus bell, lliere is a curious injunction 
extani relative lo the villngt* diurcheaun the coast of Kent and 
Sussex, to tlie effect that they should not possess mure than one 
bell each, lest they should present an objectof plunder to opposite 
neighbours ; church \>v\\■^ not being reatlily movable like plate, 
I'eiBlmeDlB, and lighter articles. It is curious that to this day the 
«ime rule aeems in force, for in no other district in Engl.\nd are 
there so many one-bell churches as along that coast, while directly 
we get a few miles itdaud peals of three and five are the prevair> 
iuB number. 
The oldest bells that have come down to ua boar simply Ute 
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samea of the tatats to whom thej ar« <leilicato>l — the taaor, or 
heaviest bell, tuually i-epreseoting the [>atrou aaiot of the church ; 
the othon, for the moat part, the namci of thoae saiota who lind 
alun below : aud I vury Btrougly suspect that eacli bell waa 
tolled foe maaaat the altar of its owa dedicattoo. TbM is a poiot 
I sbouid much like to have clearenl up by some oue learoed in 
Medtsernl ritaal. At preMot I would ouLy throw ii out va a 
probability, from the fact that, out of a numbir of such casea 
which I have oxamined, I have found a C'Suuiderabla biiUoce iu 
favour of the coimexion botweeu i\\e iiaiues of bellA and the 
reconld of allars so dodicatod. At Durham, for instAncti, there 
were four great bells in the Galileo towor, and tbreoamaller oues 
in the lauturu tower, dedicated, the largest to St Cutlibert, 
aaotber to Cliriilaud the Kleinal Virgiu, a thirxlto St.Mnn^rot, 
another to St. Benedict, auother to 8l Micliacl, nuuther to St. 
Oawald, auother to the Veuerahle Bcdc ; all of whooi were roro- 
memorated either in the niue altars or elsewhere iu the church. 
I will take one other example. At tlie church of St. Bartholomew 
the Great, Smithtield, now nudergniiii^ itdiiitere>iiiu>; reHtoratiou, 
is a little peal of five bells, datiuj; fraia tlie close of the fifttreath 
century. Here the treble is dedicated to the patron saint, tbu 
others to St. Katherine, St. Aune, St. Johu the Baptist, aud St. 
Peter, each dedication ending, as was u^ual at that period, with 
an *' ara pronobu." Possibly there may be documeuu yet re- 
maining which may conuect this peat with souie subHiJiary altars 
jn thatcliuroh. If aorae of yoado not mind doiugalittlc chimney- 
sweep's work, you will be rewarded for your trouble by persoually 
inspecting the^^e bellx ; also a aimilar ]>eal of thnre in the adjuiu- 
ing chttrcb ofSL Bartholomew tlio LesM. These are ahiiosi the 
ooiy ancient bells remaiuiug in London. I would rocomuit-ud von, 
however, to aeud amauiip with abroom.twoor three hours before- 
hand, to remove the soot from their oroMUui. Tliebells atSL Bartho* 
lomcw the Less are dedicated to St. Au^stine, Sl Vincont, and 
St. Mit^haol, the legeudii being in full— 1. " Vox Augustini souat 
iu aure Dei;" 2. "Vinceotius revocat ut canta potia tollat ;" 3. 
"lutonat xie celia vox canipana Michaelis." The two smaller 
ones aro by a well-kiiowu Medioaval manufacturer, William the 

j^Pounder, and have his arms on them, a x between three ewera. 
The tenor, about the same date, Itaa the iuitials S. O., with a 

reroas between them ou a shield. It has not yet been 
identified. 

While upon London bells, I may mention that Edward in. 
erecledacl'whier, or betl-tower, and placed iuitthrec belU, for the 
use of Su Steplian'B Ohapel, at Westminster. On the tauor waa 
inscribed — 

" Kirij Rd. niwlt me tblrt.r tbouMtnl ireiglil bdcI S. 
Take ma iIo*ii and wf ittu naii aura jou will fliitl ma." 

This, by the way, if true, is the earliest example known of an in- 
scription in Eaglish. They were taken down in the reign of 
Henry VIII., when some oue wrote underneath in chalk— 

** But HenrT tke Elgbl 

Will bait mo otmj vei^hl." 

Stow tells the story, explaining that Sir Miles Partrid]^ staked 
^100, and won them of Henry VIII. at a oast of dice. He, how- 
ever, afflses it to a cUicbier ataudiug on the side of the present 
St. Paul's School, aud says that there were four bells, the gi-eatest 
iu GugUud, and calleil the Jesus Bells. 

It is exceediugiy dillicult to guu«s the exact data of the oldest 
bells that hav« come down to our times. D.\tes there an; noue 
at that early period, rarely even the founder's mark or lettering, 
which may giro the exacL cue. In bells of the fourteenth aud 
fiftoeulb centuries there is nut this diifieulty; fur, though they 
are rarely dated, they invariably have shiyldi, lcttoriu>(, atiti 
other aroliitectural devices, which on«ble ns to form a tolerably 
correct gucsa at their date. These raarkii, however, are by no 
means iufallible guides to the uuiuitiated iu such maitcra ) for 
foundriei ofien went ou for Keueratious, and marks aud stamps 
were bauded down from fiither to sou, often for u coutury or 
mure. A little close inspection, however, will usually afford s.une 
slight addition, either in the stoppiu;; or moulding; whicli decides 
Against the hoped-fot aDtii|tiity. I liavc myself several timea seen 
XedifBval ahielda aud lettering upon bells only dating oarly in 
the sevdnteouth century : a d tte in Arabic numerals ot\«n ud- 
ravehi the mystery. D^tes cjime in about 1570 iii England, and 
have been continued ever since. In foreign countries they are 
met with rauuh earlier. The earliest known dated b^ll is at Frey- 
bourg. Its diameter at the muuth, according to Mr. Tyaien, is 
67 inches ; height, d A. 5 iu. ; weight, about 2 tous. The iuscrip- 
tiou is, "4-0 Bex Glorie vaui oum paoe,-'Ua reauuaute pia 



populo saecurre Maria,— X.D., 1353." At Duncton, in Sosaev, 
is a bell which Mr. Tyssen supposes to be the earliest dated bell 
in Eu^laad. Thed'ite ou this is 1319. This also is of foreign 
manufacture. At all Hallows StAioing, London* is another, with 
an inscriptioQ in honour of St. Martin, dated 1-458. 

[The author here >|'ioted a variety uf in^criptioos from aucteot 
and m>jdern church bells, and proceeded to state] 

It is very desirable that some steps should be taken to ensure 
decent inscriptions on church bslU iu the preaent day. With a 
ftiw notable exceptions, as St. (rabriol, Pimlico; St. Paul, Brighton; 
Huratpierp^tot, Sas^ez; where the clergy have taken the matter 
up, either nothing but founder's name ami d».te, and those of the 
parochial authorities, or else such ruhbieiti as was allowed to be 
put up at Slierb<)rtic only a few years since, was found. 

B^lls iu the Mediffival period, like mo3t other productions of 
timt aj;e, are well deserviug of study as works of art. A vast 
Geld of beautiful lettering and diapered ornamentation may be 
gleaued from the belfries of East Auglia. I hare not made very 
exteusive researches in the northern and western districts of 
£iielan<l. bub from what I have seeu they mast yield the palm 
to Norfolk, Suffolk, aud Lincolnshire. The same must besaid for 
the southern counties. 

I think wo may safely point to Lynn, in Noi-folk, for the earliest 
specimens of those beautiful castiugs, many of which are, in their 
way, fully cuual to what have come down to uh in ilhiminateJ 
MSS. We hnd tlie names of Thomas ami William de Lynn, of 
dohannes Godyug do Lyun, of the Wambis and Sdiep farailieSf 
connected with this art during the fourteenth century, all more or 
less diffused over East Anglia, aud using lettering and stamps 
aud diaper nearly identical. One could heartily wish that more 
ttpuciraeus of their wnrk remained, but the custom of augmenting 

tisals for rini^'iug purposes duriug the eighteenth ceutury iu all the 
arger parishes has made terrible havoc amongst them; the 
chances of a suooessful find being now much greater in the 
itiacoessiblo village helNot-tt than m the stalely well-newelled 
t*)wer. The iuscriptiona on the bflUs of this period ary invariably 
iu single capitals, each capital highly adorned, the initial ones 
especially so, with diapered ornament. Often the human fignre 
is combined Lo suit the ahapeof the letter, usually in cccleaiaatteal 
coatume. Many of the iuitial capitaU are besides beautifully 
crowned. Tho inscription always begins with a floriated oroes^ 
more or less elaborate; aud between each word is a sVtp, usually 
a fleur-de-lys, or sprig of some pattern. The canons are ofUu 
besides elabunttely moulded. 

Bolls with ornamentation of this particular character ore not 
found in the fifteeuth century. Whether the Lynn foundry died 
out, or whether it was absorbed in or removed to Norwich, I 
have not yet been able to discover. All we know is, that with 
the fifteenth century arose a very flourishing foundry in Norwicb, 
conducted fur some geoerations 03' tho Brazier family. They seem 
to have founded Inrgely, as their bolls are still very numeroos 
throughout Norfolk. With them came in a totally ditfcront kind 
of ornamentation. Black letter was unw u8o«l exclusively, and of 
a very su|)crior character. The capitals were stili remarkably 
beautiful, and, as before, often crowned. A new cIsbm <if inittu 
crosses and stops were also pnxluoe«). The bells from the Xorwicb 
fonudr}' maybe rt^odilyreeogntaed by the presence of a shield open 
their crown. This shield is of throe sizes, and somewhat different 
in detail, on each cf them a ducal crown between three belli 
arraugo^l heraldicdly. The earliest shield had a simply diapered 
field. This was afterwards replaced by an ermiot> ground in two 
sizes. This foundry w.-m carried on by various hands till 
nearly the middle of the lost ooniury. After the Reformation 
they made an attempt to return to the charectci-s nf the Lynn 
fouudry; but whether they had preserved the original .stamps, or 
had copies made frtim tlium, I cnunot say. I am iuiulned, 
however, to the latter opinion. 

Coutemporaueously with the Norwich foundry was auother at 
Bury, pmliably c*mnecled with tho Abbey. They had a good 
business iu Suffolk ajid Esaex, and a little in Norfolk; Uieir 
castings, however, are rough and inferior to those of Um; Norwich 
fouudry. Their bells may be easily recognised by a shield, 
consistmg of a bell pierced by two keys in saltier, a chief wiiii a 
ducal crown between two paint of arrows compouodcd from the 
arms of Bury St. Edmund's, together with a rode rcpreseutAtiou 
of some of their toots. This foundry came into great note nnder 
Stephen Tonne, towards the end of the sixteenth century, many 
of the largest aud beat bells iu Essex and Suffolk bijfing of fait 
manufacture. It was afterwards removed to '^slibrd* iu 
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Korfolk, and either died out id the middle of the Ust ceotary, or 
««8 revived again at Donrnham under Thomas Oabora. 

The above foumlries were oonGned to East Aoglia, as was also 
the Sudbury foundry, of some uote in Uie last century. Much 
tafomialion concenuug them, particularly during the early period 
of their existence, has been gathered by M r. LnsCi'au^c, of Norwich, 
which he hopes ahortly to print The book will be fully illuslrated 
with ipectmeaa of the citiMea, stampa, and letterings used in the 
fourteenth and fifLumth centuriefl. Other ornainenU were aUo 
common besides the atuiu^ia, cruanca, and lettering. I have several 
ttmea met with the Eiruugeli3tii!<iyiubol3 used as stops betweea the 
wortlfl of the iuscriptiou ; alsu the vArtous emblems of sjiinttt, souie- 
(imes fi|;urea of the saints theiuHelven, HomeCimdn a nn»\ with at- 
tendant figures of St. Mary and St. John. On the tenor at Minater, 
in Thaoet, the inscription bejifins with agooddemi-ligureofa priest 
in euchan«tic vestmouta. Flowers were also largely used as bor- 
der*. I have ust with a beautiful border of daisiea on a bell 
dedicated to St. Margaret 

Leaving East Anglia we find other foundries of early date in 
other parts of England; but having hut scanty iuformaticin 
ooDceming them, I will nob detain you upon them. There are, 
bowever, certain founder's marks which were used pretty 
generally over Kngbiml, fur which a home has not yet Iweu fuinrl 
— possibly they were itineranta. In the sixteenth an^i seventeenth 
eentnries there was hatdly a large tnwu in Euglaud without its 
foundry. Many of them turned out t>eantiful helldsofarassound 
u concerned, but a<i worka of art theru is tittle to say ooncsruing 
tbem. The most cclebi-ated founder in the seventeenth century 
was Miles Gray, ilis head-quarters were at Colchester, but he 
itinerated considerably; the num>>crof his bells yet remaining is 
marvellous, and not less remarkable is the exoeedlug beauty of 
their tone. There are some twenty or thirty of his ti;nors yet in 
Suffolk, and that at Laveubam, though in no way better than 
several others, has been often moulded by bell-founders. So great 
was Gray's repuLation, thnt the great bell at St. Nicholas, 
Nevcaatle-on-Tyne, called the Mayor's Bell, weighing over two 
tocw, waa sent all the wiiy to Colchester to be re-cast by him. 
Bichard Oldlield cast some very fine bells about the same period, 
or a trifle earlier; his remaining works are but few — only, an far 
as I am aware of, to be fonnd in l-^saex and Herts. A kind of 
lettering was adopted by him in very good imitation of fourteenth 
oeotury work; hia mark was an arrow on a shield between his 
initials in chief and quatrefoil and flt-ur-de-lys. The only other 
CoDoder oi this age that I shall luentinu is Hichard Chandler: uf 
Us whereabouts I am uncertain, and I have only seen some dozeu 
of bu bella. in Bucks, Herts, and Cambridgeshire, but his tenor 
bell at Melbourne, near Cambridge, is one of the finest bells in 
axiatenoe for ita weight. 

The last century itaw the extinction of moat of the smaller 
fbnndne3, or mtlicr their absorption into the two greater estab- 
lishraenta at Gloncealer and Wliiteobapel. The Gloucester 
fbuudry had existed for many oenturies. John of Glouceater 
waa a bell founder there in the thirteenth century ; hut under 
the Rudhall family it chiefly came into note during the last 
oeatarjrf upon (he decline of the Salisbury trade. Its turn came 
at laat for amaleamation with Whttechapel, which foundry, at 
the beginning of the present century, may have been said Ut have 
been tlie foundry for England ; Market Downham, in Norfolk, 
the Ust of the East Anglian foundries, being aUo sucked into it 
There was again a considerable establishiueut in Heading during 
the sixteenth and seventeenth centuries: this was removed by 
the Knights to Houthwark, in 1750 or thereabouts; and that 
again floa*ed into Whitcchapcl. At the present time wo have 
taree fanndriedin Kngland : the old-entablished house of Mears ; 
the Measra. Warner, of C'ripplegatc, who are now getting into a 
large business in this department ; and the Taylors, of Loughton, 
of whose belts I can also apeak very highly, having had several 
orders executed by them. 

So much in a very cursory way forthe history of bellsand bell- 
(baudiag in England. 1 will now push on to the practical part 
of the subject, with which wo are more particularly coDoemed. 
With alt thanks to our three worthy founders of the present day 
(or what they have done and are doing for un, I wilt still say, 
and I know that if any of them read this they will feel that I am 
only speaking the truth when J sny, that the art of bell-found- 
ing in the present day is not what it ought tn be, or what it 
m^ht be. I lay very little blame, however, on their shouldcra; 
tor I am sorry to aay no art has met with so little onoounigemeut 
u tlte art of bell-mundiag, or has been more crippled oy the 



fatal mistake of expecting great results froio very little money. 
And, believe me, nothing is more easily starred than a church 
bell. People now expect to get a peal of six for no more than the 
cost of a proper tenor. Evefything in a bell is the quaUty of 
the tone ; the note is a mare result of certain dimeusious, and 
may, I believe, he readied by metal little thicker than paper. 
Tone depends on the material, the shape, and the thickness of the 
metal. Consequently, bell-founders are sorely tempteil to do the 
beat they can for very inadequate sums of money, and with a 
result that plea-ws no one. Aud so, many a tower is only fur- 
nished with the oitidiia ting-tang, that might have had a peal had 
there been reasonable hope of securing the grand and meltow 
tones of fonner days. 

Again, aatu the lettering, stopping, and ornamentation of bells, 
—Why are these now altogether abandoned ? It is true our 
founders have a black lettering, which can be used if asked for; 
but something better than any of them have yet is easily attain- 
able; and, when once the moulds are made, a good design costs 
no more than a batl one. It may be said bolls are out of sight, 
and so what is put on them does not very much matter, I think 
it does. A bell is a sacred instrument, dedicated to the service of 
Qod, and religious art may be brought to hear upon it just 
as rightly an upon other sacred vessebt. The fact of its being seen 
but hy few does not appear to mo to affect the question; for we 
have got beyond the notion prevalent Rome fifty years «ince, that 
that only need l>e decent which meets the eye of ni.%n. The same 
rule applies to the careful selection of dedicatory inscriptions. 
Now in the nature uf the case it cannot be expected that each 
architect should provide the hell-founder with designs for the 
bells of any given church ; but I think it should ))c the care of 
this Institute to provide each founder with legitimate forms of 
lettering and stops. 

The next suggestion I would offer ts this. We either find 
nothing but our little enemy the tiug-taug, or an ambitious 
scheme for a peal of six or eight, ton often realineil tmly in 
skeleUm by the tenor, its third, and fifth, forming what may be 
called ahop-akip-and-a-jump style of music, the coniitant repeti- 
tion of which is far from pleasing to the ear; and but loo often 
the further development of the peal is uurealised. The Maryle- 
bone churoheK, early in the present century, were furnished with 
these skeletons of |i«als ufsix, and they have hopped, skipped, and 
jumped for the last forty years, without the least sign of filling 
up their gape. I am sorry to find tbey have even had the ctm- 
tnu7 effect of inducing other steeples to follow in their frolics: 
for St Paul's, Kuightabridge; All Sainti', Mnrgaret-street ; and 
some others, have begun a similar skirmish. Now instead of this 
unsatisfactory music, why not be content with a really good tenor 
and one tjetl next above tt F Nothing can be grander than two 
good hells chiming thus together. Such music is far preferable 
to three or four light bells at odd intervftU. I am, of course, only 
alluding to those churches where peal-ringing is not contem- 
pIate<J. You are all of you probably fumiliar with the grand and 
pleasing effect of the twr> heaviest uf the Abbey Iwlls at West* 
minster chiming thus together fur daily prayer. It is a return 
to ancient usage, ttesidea neiug most dignified in itself, and satis- 
factory to the ear. Then, by degrees, perhape, a third bell, also 
in auucessiun, may be obtained. Three such bells woald leave 
nothing to be desired. 

The third suggestion I have to make refers only to peals of five 
belU and apwai%. It is that there is no necessity whatever for 
the universal adoption of the modern major scale, which, for 
the last half-century or more, has been the undeviating practice. 
By so doing, the harmonic combinatioas are very much limited, 
and many very pleasiug scales in the minor mode altogether 
ignored. Now minor intervals were great favourites in the six- 
teenth and De%'tinteenth centuries, from their pecidiar plaiotivee 
nesa aud expression. This fact was forced upon my notioe som- 
few years sinoe, when in charge of a Suffolk parish. The church 
lower nearly adjoined the rectory ; and the peal of five waaa very 
light one, the tenor only 8 cwL I wan for some weeks puzzled 
to account for its pleasing effect Suddenly the £ict dawned upon 
cie that it was in the key of A minor. I at once took the bint, 
and tested the keys of all the peals in the neighbourhood: the 
result was thedisoovery if several other examples. 1 have tried 
n great many peaLi of the present century, but 1 have not yet 
discovered one in the minor mode. 1 speak under correction 
when I say that 1 do not believe there is one in all Eughuid. 
Now, accepting the major and minor modes as equally legitimate, 
see what an Increase of harmonies we liare. Taking D natuial 
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n« the oomct tenor note, and A natural as the bigbnt for kdj 
peal, we get «ighl different "keyn for our peals; and by flattentDg 
the tliirU, to bring theai iDtu the minor mode, the number is 
doubled. 

After nil, however, wo must remember that, so far as bells are 
coiicernetl, nn ex.nct sale, in present received musical expression, 
is of no mnnient whatever. So long as a peal of bells is iu 
harmony with it«elf, and satisfies the ear, it matters not in what 
key it i«, or whether in no describablo key whatever. It is a 
great mistake to tie a foander down to any exact key or stale: 
it is sure to involve that evil instrument, the tuuing-lathe, to 
redaoe them to the appointed Htnndanl of pitch; when moat 
probably they were much better when firat broken out of the 
moulds, and even more pleasing to the ear. No bell is ever cast 
tliickor in the souml-bow than it ought to be. The thickness of 
the sound-bow ahuiild be one-thirt«L'nth of the diameter; that of 
the waist, one tliirty-nixth of the diameter of the mouth. Many 
are caat far below this stitndnn), for economy's sake. When, 
therefore, the tuning-lathe i» brought to bear upou a bell, we 
may be eertHin that the tone is being eacrilioed to the oot« ; and 
if this is bad in modern belts, what shall we say to pni-ing down 
Hn« old hells, as I have seen done, to 6t them to the shallow 
tones of modern additions to the pofcl ? It is, 1 fully believe, to 
faeiUtale tbin tuning process that the proportion of copper to 
tin ia present use is so much gronter than it cMiglit to be. The 
taodern practice is to make tlie piupurliom* tlitt,x p.'vris copper to 
one of tin. Now, as tin wastes considerably in the fusing, this 
is far too smalt. The pn>p'*rtion9 ought to be in thirds. — two 
of copper to one of tin. Bejl-fouudera say that such a propor- 
tion is liable to render the metjtt iomewhat brittle; and this, 
coupled with the thinnesn of the bells in the present generation, 
greatly increases the ri»tk of a friiclure. There ia a remedy for 
this, however: there in no reason why tlie metal should not Ik 
iwluced to a state of fusion twice before being allowed to run into 
the mould. Thou, aj^aiu, in the present day the melting process 
is a rapid one in a roaring furnace. In former times it was 
slower, moatly with timWr fires, and dni.M had opportunity of 
escnfw, which now in all fuK«d inUi the bell. 

I need hanily tell you that the prevalent idea of silver enter- 
ing largely into the composition of ancient bells is a pure raylh. 
So far aasouuil gtH>s, silvtfr is little hett«^r than lead, .ind wnuld 
spoil any bell where largnly used. The idea has, uodnuhl^ arisen 
from the much larger quantity of tin formerly used. Mr. Lnkia 
relattfa, in his Httlo work on Wiltshire bells, that when the p«al 
of Great Bedwyn Church wom taken down to be re-sUwked, the 
canons were found to have become white in places where there 
had been friction, and nothing would persuade the workpeople 
that it was tin, not silver, that they »aw. The old bell of St. 
IjBurenoe Chapel, Warminster, in which tin bad been largely 
used, wuM also tmditionaHy 9aid to be rich in silver. When it 
was re-cast, in a field adjoining the cha[>fd, in lOCT, a good 
deal of additional silver watt thrown in by the inhabitants, aa they 
thimght to improve itB lone still further. An old foreign bell at 
St. John's <^]Wgi>, Cambridge, from iLi sweet tone, ia pf>iMdarly 
called the Silviir lit^lhthis, of conrse,bi<ingasimilar delusion. The 
same may he sai J of another very pretty bell at Acton, Middlesex, 
called the Acton Nightingale. 

Another grent difference between bells, ancient and modem, 
ii iu their nTmt>e. The most ancient bells were very long in the 
waist, and high in the shoulder, many of them to an exaggeratctl 
degree; we now run into the opjiositA extreme of short waisla 
and flat shoulders. The reason of this change is obviously con- 
necteil wiUi theart .if ringing, slmrl bells tieing much easier to 
raise, and taking np lean rt)om than bells of the old pmportionn. 
The modern founders are all in favour of this change, nsserting 
that the nnte is identical in both cases; and that metal lying in 
the waist is iiseleM. If tliey would be content with saying tliat 
it is a more convenient firm, ixitlifor the pockets of the cu8i«*morfl, 
the ringers, and their own moulds, I should agree with them; 
but there is no denying thAt, thnu(rh the note may be identical, 
the quality of tone is v^ry dith-rent, aud this is endent ou 
HOooatio priciciplea. The waist of » bell is, so to tijieak, iis sound- 
board. The soientiric view of a bell i» that of an eta.<«tic inntru- 
meut composed of an infiuite uumber of rings or circles, varying 
in tone according tit their several dimensions, the sound urising 
from the vibratory motion of all nf ihem when set in motion by 
the clapper. A bell properly and Irnly cast M'ill give the notes 
of a common chord more or less blended into one, and major or 
minor according to its height. The fact ia easily aacei tnined by 



striking the bell with the band, or with a stick, in three different 
placea : the note nf the bell will form the base where the clapper 
strikes, and Ita third aud fifth will be given at certain ditituncea 
above. This flat bell-fonnding is. I fear, on the increase, and the 
lips are now so extended that a section of the bell would almoet 
describe an ogee arrh ; hence we get the same notes at about half 
the weight of metal employed bv onr anceRtnrs. 1 believe this 
system was first brought out at Downham,, late in the last 
century. It wna certainly adopted, with Dobson, into the White- 
chapel foundry, for their earlier bellH were of a more pleasing 
shape. Where money, however, ia not a very preesiug eon* 
aideration, we still see tlie nee of earlier and more graoeful 
forms. 

As regards weighta of tenors, I think some 6xed rule sbonld be 
adopted; for instance, a tenor to a peal, a,iy of ten or twelve in 
D, should range from 40 ewt. to oO cwL; and for a peal of eigbiL 
not lexfl than 35 cwt. A tenor in E ought cot to carry a peu 
of more than eight, and slmuhl range from 20 cwt. to S(S cwt.; 
but no one should attempt in E under 20 cwL; now we some- 
times see one as luw aa IS cwt. F is the usnal tenor for peals 
of six, and should range from 16 ewt. to 25 cwt.; and O, aUo 
available for oix, but better fnr five, should never be under 
13 cwt No higher note ahould be allowed for the tenor of aoT ( 
]H>al; nor Hhunid any treble be of a higher note than F natan^l 
all the higher ones being harsh aud unpleasing. And aa wv 
must not go higher than F, neither need we go lower than D. 
The tone of very heavy bells in the notes of A, B, and C, maj, 
\m very gr:ind as a Hort of bourdon, but tbey are destitute of i 
mnsical eSect. besides being impossible to raise for the purjioai 
of ringing. No note is so pleasing to the ear, or ao desirable fa 
a tenor as E; even D ia inferior to it, though the cost ia greatlj 
augmented. 

With all care, however, and attention to these auggeetae 
and otheis also, known only to the bell-founder, anouier a 
agency is necessar}' to perfect a bell. It is a fact, of whidi Uicfv;! 
is no gTtinsaying, that no bell, be it made ever so carefoUy and] 
skilfully, Hiiundn »o well at first aa it doea after it has l>een hun^l 
some years. There is an Htniosplieric ctTect, a pnTceiw of ox>disa«| 
tjou, very gmdual, which goes on improving and mellowing th»,! 
qoality of tone as yearn advance. I have noticed this in aeveratj 
inatanoeM, and believe it to be .-in unvarying prt>cesa. The colon 
of a bell ch.inges in a few months: a greenish tint and cruat com*J 
upon it; and after a long course of years the anrface beoomsfli] 
slightly Queveu, just at we are aoeustomed to note the process of I 
de-vitrification in ancient painted glass. I believe it is to thiM 
process that the peculiarly quaint tone of the most ancient bells , 
may be attributed. 

Having thus pointed out the liroita of » peal, I mtist add • 
word or two on the origin of change-ringing. As before stated, it. 
was introfluced early in the seventeenth century, and led to >! 
completB rovolutiuu in the ni't of the bell-fnuuder as well as of 
the banger. From that time all the heavy chimea of three and 
four and live w^re rerluced in weight, and multiplied in number, 
forming peals of six, eight, ten, and twelve, Whole wheels wer*! 
uece»iitaled in place of the old three-quarter arrangements, and 
often the still simpler one of leverage only. King's CuUege;, 
Cambridge, has the honour of baviug possessed the first ringing 
peal of five in ihe kingdom. Accordmgto one tradition tbey 
were a present from Pope Calixtua UI. to the culle^ ; sjmJ^ 
according to another, they were taken by Henry V. from soms 
church in France after the battle of Agincourt, aud by him pr 
sented lo the college: possibly the archives of the college may ' 
able Iri dear np the matter; at any rate, they were only chim 
like other hells in that generation, though it \n highly probafa 
that they were the tii-st peal on which the art of ch.iugo-rioQ 
was tried. ITiey were benvy bells, the tenor being as muen as 
^^7 cwt.; whereati the tenor of tiie pt-eMenl famous peal of the 
University Church :u that town h only 30 cwl, or half th«^ 
weight. These bells were hung in a wooden tower westward ot 
the present chapel, and are alluded to by M r. Major, the historian j 
who, writing nlmut 1M6, states that whilst be was of Christ^ 
College he freijuently lay in bed to hear the melo<ly of tbesi| 
l)ell», which were rung early in the morning on fektivals, anJ 
being near the river, was heightened by the reverberation of ih 
water. On the taking down nf the bell-tower the bells were soffere 
for many yenrd to remain unused in thennte-rhapel. hut were ttoh 
about the year 1750, to Phelps, the founder, of Wiiiiecbapel, whs 
melted them down, I suspM^^t their sale bad aomethiug to di> 
with the erection of some new college buildings. i* 
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PtaAi of eight were hung in a few churches early in the 
Mranteentb oeottiry. In 1667 came out the Bnt book ou riDgiog; 
and soon after the oamber of peala waa iucreaacd to ten, and then 
lo tweWe. The first peal of twelve was hang^ in York MiuBter 
in 1631, tenor 53 cwt.; Cirencester^ in Oluuceult-rahire, followed 
next; then St. Bride's, Ijondon, iu 1718; St. MiLrtin's-in-the- 
FieMs, 1726; St. Michaers, Comhill, 1728; St. Saviour's, 
Sonthwnrk, 1735. 

The bononr of the iDTeniioD of chauge-rioging is said to belong 
ton Mr. Rcnjnmin Anablo, who <lie<l at an advanced age in 1755. 
Hia metliMh were much improved and enlarged Igr Mr. Holt 
These, togftlber with a Mr. Patrick, have produced some of the 
most celebrated peals. 

In conclusion, this lecture bos been for the most pnrt but in 
outline; time line not allowed me to Ull in many a detail which I 
could have wisiied. My object, however, has been rather to 
surest than to satisfy, — to give you the starting-poiols from 
which to prosecute your own reaearches, as opportunity or 
inclination may offer; I trnst, therefore, it may not fail of some 
practical effect. Takeu iw works of art, our bells need a re-iofasion 
of ancient taste; there is no rensoo why they should not be made 
as comely in ebape and ornamentAtion as tliey were in the fonr- 
teenth and fifteenth ccnturioa. There is tio want of appreoiation 
amongst our b^U-founders of the beautifnl lettering, stops, 
and crosses on many a bell which comes to them, alns! only to 
be melted down. I have bcrn favoured with the loan of a very 
beautiful votame, belonging to Me^sni. Mrnrn, cuutatniug 
fac^mileaof many of the best ancient bcIU tlmt hnve been sent 
to them for recasting; and with only some encouragement from 
the patrons of art, we should see our LfHs once again such as we 
might be proad to own; and not only in the matter of decoration, 
but stilt more in shape, tn composition, and conseqoently in 
quality of tone, should we push on for improvement. With the 
scientific knowledge and applications of the present century* we 
ought even to surpass the bell-founding of previous centuries, 
though we may Itarn of them to advantage in many things. We 
have seen great progress in (he minor details of art, both sacred 
and secular, within the last few years; it has arisen iu great 
measure from carcfally tracing its aources and iuveuUgattug first 
principlea. There is much yet to he learned on the subjett of 
bells, much to be done before we can hope to arrive at the 
perfection which was attained even threi! centuries ago, when the 
following inscription conid be honestly written : — 



"Ma melior tttt 



EON MARINE ENGINES FROM 1851 TO THE 
PUESENT TIME. 
(Ccncftidtd from j-aijc 108. > 
fiAvufo referred tnthe iraprovemftots in the arrangement of 
mdentcrs, &c., for direct-acting eiipines, nttootiou will now be 
vtm to those adopted for double pi^ton-rod engiiica. It muxl 
I borne in mind that for this claas of engine the prolongation of 
tlie piston nxle beyond the crank-shaft greatly deteriorates the 
arnuigemeut of the air-pumps nod condeu»«n), iu relation to the 
space occupied hv those for single piston-rod engines. In the 
examples now given, the jiir-pumps are worked by the steam 
piston, nn<! as tifiir the bn^ line as possible. The condeuaera are 
separately arranged outside the guides of the piston nxls of each 
engine; the suction-valves are inverted above the top of the air- 
mp, B9 in the lost examples; the discharge chamber is between 
le air pumps and the valves, on the same level as those for the 
:tinn. U will thus be undemtnocl tlmt Inth suction and delivery 
at the nide, over, nud «>xtuuding the length of each ail^pump, 
lead of being directly uvcr tbem, as iu some cases. 
The next example worthy of notice ia arranged as fotlows: — The 
ndeuiKfi-ii and their npjiendages are beyond or outside the guides 
each engine, the air-pumps deriving their motion as in the 
ivious examples, and are as near the base line as ponsible, so 
,ted .\a to clear the guidett. Partiolly over and beyond the 
of each air pump are the discharge valves, above which is the 
:harge chamber; over this, and at the nide of the same, is the 
leuser with the suction valves inverted. 
I will now ollnde to tlie system of condcnoatiun known as sur&co 
condensation. Mr. Hall, in dnya of yore, intn>ilnced the tubular 
arrangement with great advantage. Kngimiere at that time were 
slow in appreciating the then presumed gain, and it la only lately 



that wo have seen the snrfooe amdeneer universally adopted by 
the powers that be. To condense steam properly is undoubtedly lo 
reduce it to its natural or oripual state. Now, iu the ordinar7 
condenser we bring water into actual contact with the steam 
to cuudeuso it. Surface condensers are to be recommended, 
particularly for one reason — viz., the production of distilled water 
for the feed of the boilers. The arrangement of the tube* in sur&oo 
coniieusers entails practical difficulties as to the position most 
suitable, whether they be inserted transversely, perpemlicularly, 
or longitudinally, to the hull of the ship; renewal of the lubes 
being often required (sometimes white at sea) from corrosion. 

The meouB adopted to render the o'lnuuction of the tubes in the 
plate air-light are numerous. The usual mode now is indiar 
rubber rings recessed in the plates encircling each tub«^ 
oompres«on being obtained by a nut for pcrpenilicular tubes, and 
by the vacuum in the condenser for those of hoiizontal positions; 
this i^ simple and efficacioue, and at the same time economical. 
It must here be remarked, however, tliat compression of the 
india-rubber by vacuum can only be attained when the steam is 
condensed by the ex ternal surface of the tubes or within the plates. 
The circulation of the water is either through or surrounding the 
tubes, and is produced by pumps with plnuger-piston orwutrifugal 
action. The position of the piston-pumps is horixontol, motion 
being deriveil either from the steam-piston or piston-rod. The 
oentrifugol-puiup re<]uii-es a aeparate engine, or spur-gearing, &c., 
from the cntuk almft to give the reqnir^ velocity. 

The values of the two arrangements now ti^ for the condensa- 
tion of the steam are about equal. In the case of the water 
snrrounding the tubes, the steam passes throogh the same, and in 
the case of the steam surrounding the tubes, the position of the 
water is reversed. 

It is obvious that ivhere internal oondenaation is eflecteil a 
greater number of tubi^s are re<)uired, in relation to those of the 
external system — the inner aurface of the to be being less than that 
of the outer. The advantage gained by the steom entering the 
tubes may be said to be — access for oleaoing witfaont disammge- 
mcut. Injootion ur ontinnry condensers are more generally uaod 
than thoae of the aurface kind, ou aoconnt of the economy in the 
outlay uf capital at the oommeucement. 

The injection valves for ordinar>- condenaem are generally of 
tiie solid or gridiron type, the latter lo rvduce the atroke to open 
and close. The pipe for the di8[>eraion of the water is usually a 
tube, with apertures of an elnngate<1 or circular form. An 
improvement has lately been mode iu these pipes, by contracting 
the area for one-half the length, thus equalizing the diflbsion of 
the water throughout. 

The next valve necessary for theeondeosor is the shifting valve, 
which is a single disc of gun metal, with a slight spiral epring ot 
its bock or upjwr parL A screwed spindle is universally used to 
prevent the valvu from Haing, after the water and air in the 
condenser have been blotni out previously to starting the engines. 
It might be deemed neglectful if 1 were uot to make allusion to tlie 
bilge injection-valve ur cock, whichever may be used. This valve, 
as is well-known, is only required in coses of necessity, such as 
lenknffes, or dlsarraogemeut of the bilge or donkey pumps. I 
wnnlJ Iwg to auggeat that the bilge water should not bo allowed to 
enter the condeiuer, on account of the genendly impure state of 
bilges. A valve and box might be arranged at the end of the air- 
pump for this purpose. 

The portiouN nf the marine engine next for exempIiBcation are 
the fechl and bilgo pum])«, The position of tlieiie is so arranged 
thai a free access cou hv obtaiuol tu the valvm aud surruundiug 
porU without disnrrangemenL Some utakera prefer to work the 
feed aud bilge pumps iu a line with each other, with one rod and 
pluogei' direct from the steam-piston. Other Umia secure the 
pumps side by side to the discharge water-pipe uf the oondeuaer, 
eacli plunger being connected to the piston-rods crosshead; this 
latter improvement is more general than the former In the 
cose of hollow plunger or trunk air-pumps, those for the feed 
and bilge are on eadi aide of the air-pump, and secured by nuta 
or keys. Before terminating this portion uf the subject, it will 
be well to odd that the valves for the air, feeil, and bilg& pumps 
are now universally discs of india-rubber, instead of the gnu -metal 
spindle-valvcfl. 

It will have been observed tliat nu allusion has yet been made 
to the arrangement of com bined hi^h and low pressure eugines. For 
the purpose of cumpariuou, I will aludr only to those arraugemeuta 
in common use. The position uf the low pressure cyliudeiit 
is side by side, as for those of the ordinary kind; in some 
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Twin Screw Propultion,— Tabular SUUement t^ SMpt, Marin* Enginet, S,-c., corutruoted by Met*r». Dudgton^ BluckwafJ, since 1B51 to 

tite prttmt ilatt, supplied by tht Firm. 
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6 ft in. 


4 ft 6 in. 


4 ft. in. 


It«TotDtkiiu per minate 


40 


89 


414 


42 


4$ to 49 


Diuieler o{ axia of wheel ... ... 


19 ft. in. 


19 ft. Oio. 


17 ft. 6 in. 


17 ft. 6 in. 


14 ft 11 in. 


Length of floata ... ... 


10 ft in. 


10 ft Ohi. 


10 ft in. 


7 ft 10 in. 


8 ft. U in. 


Depth of ditto 


4 ft iu. 


4 ft 6 in. 


3 ft 10 iu. 


8 ft. 6 iu. 


3 ft 2 in. 


nominal h.p 


850 


350 


300 


220 


ISO J 


Indicated B J. ... ... ... 


2566 


2540 


2873 


1040 


1480 1 


Speed oCiliip ... ... 

Datcof triftl 


17-27 knots 


17-74 knots 


16-5 knote 


16-83 knots 


16-8 ksofei 


May 6, 1868 


Doc. 23, 1863 


Sept 19. 1S64 


6ept. 3, IB61 


Sept 28, 1864 



Tbo folowing U a Uit of ei^ines ooDStnicted by Meean. MaudjilAy, Son&, and Field for H.M. Navy since 1851 to the pnaent date, kindly 

furnished by JiMUua Field, £sq. : 

I]OTM-1)0«9r BOOlUul. 

Enginee, Ac., (or 75 Screw Vessels „ Total 37.570 

26 Paddle „ „ 6.340 

„ „ Otf Screw Ounboata « „ 4,260 



ToUl... 



48,170 



IhyMMI] 
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TViUs abmeing particuhrM of mne of tba Principal Marine Enginet, rvcentlg ofnstructtd by Me4*rt. R. Napier and 5on«, Gtatgov. 



Vaum Of Vmau, 



CoruBuuidel ... — ... 

Ounboftt for H. E. L Co. 

Bmperor AlexandBr 

ItboDU 

ViotMla 

Fifaihira 

CheTvChM* 

Boyal WOlism 

CornKinnt ... .„ „■ 

Sooti* .. 

OroBtes M. 

Ctwi AlpiiM ... 

WoU 

RolfSiake .. 

Oxnuui Gh^^... ... 

Atxliil Azix 

Orkman ... , 



rMldto 
or 

8en««r. 



Hrtwbl. 



Scniw 



Fftddle 



Screw 

Fkddle 
Screw 

Paddle 

Screw 
Scraw 



Iroo 



Iron 



Wood 

Iron 
Wood 

IroQ 



o. bTm, 



1507M 

870 

4S21H 
4S31J* 



Kind cf Eui^. 



Pluu;:i;r, lUreot 

{high pramji*. j 
Plunder. dh«et. 

Horinmtal. 

OsoilUUiig, 

lOClUMd. 

Plunger, direct. 
Ptuugur, dinwt. 

Swif laver. 

Plunjfer, (ilrect. 

ludioed. 

HoriaonUl direct. 



Kan bet 
of 

ClIlB- 

diin. 



Ihunetsr 

or 

erllnilar. 



InchM. 

Id 



itrolctf. 



1 



bufM Kind «r BuOen, 
potrer 



250 

80 



TubuUr. 
Tubulur. 



TnbulAr. 

Lftinb'efliie. 
TuIjuIju-. 



Kind of 



Cununon. 



RaauO. 

Eccentric. 

Griffitb*. 
Griffith*. 
RjulSaL 
GriffiUn. 
Eccentric. 

Griffith*. 



Total aimiber constructed bv this tiroi, frout 1S51 to 1S6J iucluiivu — iScruw engitiM, 87; Paddle en^uee, 39. 



eases annular cylinders are uaed, vix., the high preaanre 
oylindcr within that for the low pressure. Another arraoco- 
tuent is the high-pre»sure cyliuiler ou the tup of that fur 
the low pressure. A third armugenieot has the smaller cylinder 
at the back end of the larger. A fourth example consists of two 
high-prcaanre cylinders in front of one for low prewure, the former 
acting as guides for the piaton-roi. The oieaus adopted for 
imparting the motion of the piston to the cranks are of the 
oraioary arracgenieuta already described, with the exception of 
the necessary extra piston-rods and stuffing-boxes. 

Having alluded to the different engines, and their details {ta^t 
and presr-Dt, ndapted for the Miugle screw, I will now call ntteiitiun 
to a notice uf arrangement of unKintMi as at present use\l for thu 
twin or double screw system, ft must here be nienltooed that 
the class of engines now under notioe have precisely the-uimeiluty 
to perform as those before deoeribed, oonaeouently, if I patta over 
the major portion of the detail it ts to avoid repetition. 

The arrangement of the engines is osually separate for each 
screw. The type of engine gouorally adopted at present is diroct- 
Mting, with surfacti or injection coiKlensors. Single piston-rod 
engines seem to bo more in favour th.-ui those of the double 
piston-rod return action type, I presume on account of the 
simplicity of the former. The position of the armngemeut in 
plan is side by aide — port and starboard — inatead of directly 
oppOAtte each other; this in owinj; to the apnce rerjutred fur the 
Arrangement adopted, and the small beam of the vessel; bnt in 
some cases engines are arranged opposite each other^ with a great 
roiluctiou of H|)ace coutfKired to tiinl of the aide system. When 
the crank shaftings are connected the steering |>riucipal is 
destroyed, and the twin screw ayatcm, so far as regards propulsion, 
is Ter7 little better than the single system. 

There is not the least doubt that as a mode of steerage the 
twin system ia correct, and forehallowdmughts itisadvantageona. 
To auppose the plan to be universally correct for large vessels 
reqalres, however, more practical evidences than I at present 
possess; but of this E am eonSdent, that for small or large 
Tessels, whether for commercial or war purposes, the twin 
•erewB, when driven separately, are Invaluable for steering. 
The fidv&ntages for war ships are principally the facility for 
manoeavring when under an engagement. Let it be presumed 
that the enemy has aimed at a twln-sorew steamer: by a 
contrary action of the acrewa her position can be shifted 
[ostantaueously, and the intended evil postponed, if not averted. 

] have come to the end of my brief description of the marine 
sagioe, and will now allude to the weight of material, cost of 
marine engines, and the relation of nominal to actual horse- 
power, together with the conmimptionof fuel. The variation in 
the weight of marine engines is due to the design and arrauge- 
nwot as much as the material used. ])onble trunks may be ssid to ba 
afiiir example aa to the average weight of marine screw engines. 
Setnm connectiDg-rod engines are porbaps the heavier, in 



oompariaon to those of tho sioglo trpe, in relation tu rods and 
guides. High and low pressure enxinea combined are the heaviwi 
of any exHmplea yet given. The materials comprising the 
different porUunsof the engines of the present day are of six kinds 
— first, cast-iron, of which ia formed the cylinders, pistons, valves, 
casings, main frames, cuidca, conden:ierB, Stc; secondly, wrou^ght- 
irou, comprising cranks jmd shafts, piston and vnlve rods, links, 
levers, weigh-shafls, bolts, nuts, &c; thirdly, steel, for springs, 
small pica, &o.; fourthly, gun inQta) for bearings, guide blocks, 
hashes, glands, nuts, &a; fifthly, copper, fnr pipes of all kinds 
required for steam and water; sixthly, india-rubber, for valves, 

Cacking, &c. For the present occasiou, in rcforenoo to weight, I 
ava selertvd twelve examples of luarine ai^rew engines, CAch 
varying in pnwernnd design. The examples of armngement being 
in pnii-s, the resnit has been that -I3:t4 cwl pyr nomiiml 
boraepower may be taken as tho average weight of material^ 
exclusive of boUera, fittings, sorew-propelTer, and alley-sbafting. 
It may here bo observed that each maker of marine engines in the 
present day differs in design and arrangement, couwquently, the 
weight of trunk engines by difiersnt makers would be unequal. 
The same may be said for single piaton-rod engines, as well as for 
double piston-rod return oonuecting-rod engines. 

X now come to that portion of this subject which is thecrowning 
qnestion of all, and too often the cauw.' of murii controversy in 
political and commercial circles — viz., what ia the cost J My 
opinion ia, that it is perhaps the most difScuU query to answer 
that could be put, and the only reaaou for itK introduction is to 
preserve myself from presumed neglect in not noticing this 
important matter. To ascertain correctly which is the cheapesit 
class of engine now in use, is a problem much too difficult for me to 
solve; but I will, however, tender such information as I deem 
reliable. 

The price of a marine engine depends entirely on the class of 
workmanship. Should a roughly-finiahed engine .ind boiler be 
required, with mora painted than polished surfacpR, the cost will 
be reduced in comparison to that of llm uioru highly finished. 
The fittings also greatly regulate thu outlay. Some comi>autes 
pride themselves on this portion of display, others, again, look on 
it as an unnecessary expense; so, to draw a correct Hoe of 
comparison would involve the amalgamation of the many ideas in 
order to give a fair evidence. I leel confident, however, that 
marine engines, with boilers and fittings oomplete, can be 
produced of certain classes for .£70 per horespower nominal, and 
the same can be reduced to .£50 per horsepower; each price of 
course being under certain conditions as to terns and 
workmanship. 

Allusion muni now ho made to the power, &c. of marine engines. 
Nominal power is a term usetl^ jrarticularly fur commercial 
purposes. Each maker has his private rule, hence the difference 
in dimensions in engines of the aame clan and power. Actual 
hoisepower is defined by the indicator diagram, speed of piatou. 
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&c.; the mtio hetween tho nominnl &Dd Ketnal povor is in some 
cuei low, in otht^ra high. The writer hns known inattows where, 
the nominal povrcr being 1*0, the actual wan 60; anti in others, 
uuniioal 1*U, actual S'12:{; ttie average mtio at prcncnt is, uomiual 
1*01 actual 4'0 to 5-0. With reference to the consumptioD of fuel, 
there is a crest dilforeDce ia the evideDoe. SuperheatiDg aud 
sarikoe coaaensatton are elowly mahiog progress, and at the eamc 
tiue rodacing the coosnmpUon of fuel in ratio lo the amonnt of 
water erajMrated or steam us&l. The average actual horsepower 
expended per cubic foot of water evaporated is, water being 10, 
actual homepower 2035 to 4'0, and doubtleKR in aome caHe8 more. 
The mtio of fiielcoijflnmed in pounds per ht^urtotbeaetna] home- 
power per hour cxponded may be taken as follows: — EDgices of 
ordiuarj confftruotion, power, I'O; fuel, 5 to C. For expansive 
workiug-euginns, with Ruperlieating aud eurlace condensation, 
thua: — power, l-O; fuel, 250. 

1 am deeply indebted to several eminent firms for their coorleay 
and practical information received and personally given. Mesara. 
John Peon awI Son, of Greenwich, have klndl/ given me a 
tabular statement of much value to the profession and the society. 
The lilt now presented commences from thedatoofNuvember L8Ai, 
also that willi their class of engines the cousamption of fuel 
ii about 4 lb. per actual horsepower per hour for those of ordinary 
oinslructiou, and abont S'5 lb. p«r actual horsepower |»er hour 
for expansive cugiuea. with sTiperhenled steam and surface 
oondensation. This 6rm has displayed a warm interest in the 
present paper, by kindly lending the jiliotographs and splendid 
working models, ^whictt 1 have the pleasure of laying before 
you. 

Messrs. Maudalay, Sons, and Field hr»ve kindly lent photo- 
graphs of their laie improvements in marine engines. From 
kperaonal interviews, I nm enabled to present the society with 
valuable information, particularly as follows; — The amount of fuel 
couauraed, per bontepower octuaC for ordinary engines by this Hrm 
in 5 lb., in some cases lew, in others more. For three cylinder 
MpAOsive engines, with surfaoe condensation and superheating, 
the oonsamptioQ ia re luced to 2*26 to 2'S lb. per horse()ower 
Actnat. These ougioes cut off at one-seventh of the stroke, pro- 
ducing an almont correct indicator diagram. In one example 
shown me the nominal horsepower waw liJO; with a preiware of 
at-cani 25 [Mir Htjuure inch, thi.' iuJIcator diagram produced a result 
of 675 actual horsepower, being in a ratio o^ 1 to 5"b33, which may 
be aaid to be an exceptional result for screw enginea. This tirm 
Uos constructed siocu 1S-'>1 lo the pretteul time, the following 
number of engines and boilori':— of screw engiuet), 183; of paddle- 
wheels, 30. The highest nominal power of oue pair of engines yet 
coostiracted by this Arm is 1350, and tlie lowei^t It). 

TlieMe«sr-t. Rennie have kindly lent me models and photographs 
of the differeut classes of engines they are in ttie habit of 
couRtructing. I am informed by this 6rm that the connumption 
of Pnel for ordinary engines is — actual horsepower 1, fuel 5. In 
the case of snrfftce-henting, surface -condensation, and expansion- 
actual horscpawor, 1, fnm consumed 2'i>; showing a reduction of 
no per cent, on that of the onlinary kind, which id aliout equal to 
the other 6]'ms. 

Vittunble statistics have been supplied to me by Meaara. Napier 
aud 8t>ii, of 01a«i;uw, giving particulars of the ships, eugine«« &c., 
constructed by tlicm from l^SI to tlieprefit^ntttme. From theae I 
have made n selection for publication. This tirm has also kindly 
prenentiHl me with splendid photograpbs of their engines, &c., 
witicli are litmg for iuKpection. 

With reference to twin-screw propulsion, I am deeply indebted 
tothe Me»9r8,l)udgeon, of Blackwtdl, they havingkiudly furnished 
for this occasion practical statistics of the proportions of vesncls 
an<l engines constructed by them since the year I8l>1 to the 
present limfr. 

In conclusion, I must apologise for the length of my prewnt 
(utperi but t beg lo observe, thnt bad I extended my remarks lo 
twice or thrice the present length, I should even then have failed 
in doing jiialica to this 8ubjt>m, which w undanhte<lly one of 
unttoual imp<irtance. To the credit of those concerned it can be 
truthfully said, that, in comparison with other nations, the 
jtroductions of our marine engineers maintain Itiat high standard 
forexoelleucy of design and workmanship which has ever clia- 
raotetisetl the natives of Old England. 



POMPEII* 
By R. Phbitb Sfiers. 

I NOW come to the more interesting portion of my subject, tbe" 
arrangement of plan, the architecture, aud doooration of the pri- 
vate housea. I say more interesting, becaase, whilst in Oreeoe, 
Italy, and elsewhere, wc have abunoant reuuuDS, in all statea of 
preservation, of tlie public monuments and temples built by the 
ancienta, in I'ompeii and Herculaneum alone are we able to trace 
out their donn>stic dwellings; and, although various descriptiona 
of them have been haudnd down tn ns by the Claasic authors, 
still there were many pointa which remained myateriea till the 
discoveries ol the«e two cities cleared them up. 

The mode of life of the ancient Romans was not very different 
from that of the present inhabitants of the south of Italy. Tbej 
rose early, and the greater part of the day was spent in the open 
air. A slight repast of bread and fruit was taken on getting up : 
the business of the day it as then transacted till noon, when they 
had lunch, or what we should call "dfjeHner d U fourchrtte" 
(nnly they bad no forks). After lunch came a stroll down to the 
Forum, where all the public meetings were held, the news heard, 
aud the courte attended to hear Che trials. Then those religi- 
ously disposed might nay their devotious, either to Jupiter, Isis, 
Venus, or auy other deity to whose worship they specially dedi- 
UHtud theuiselves. If spectacles wore being hold, they might go 
to the arapitheatre or the theati-es; and, 5nally, taking a bath 
(the most important operation of the day}, home to dmnor ox 
supper, after which no further buainess was tnLusaoted. 

Tlie Pompeiao houses seem all to have been arranged on a 
similar plan, the size and number of the apartments varriDg 
ncoordiug to the rank and means of the owner, and to locu 
circumstances. They consisted generally of two floors only, 
ground aud first fluor. The latter, occupied by slavse and aer- 
vanta. was low, of little importance, and extended over a jwriion 
of the house only. Tiiere ia but little arcliitecturo in the exterior 
of the houses, as it was invariably occupied by shops, the light 
being aAlniitted to the rooms from courts in the interior. This 
may probably have been for the sake of privacy aud protection, 
glass windows being a great rarity in Pompeii, and also because 
a ahody, sheltered apot^ open to the air, in a hot climate, is the 
greatest luxury one can have. The shops w«ro amall. Some 
ha<l rooms at the back; some had staircases evidently leading to 
an upper floor, and otiiers communicated with the mansion or 
house hetiind. In tlie latter case the shop wos kept by n slave 
(termed "dispensator") belouging to the owner of the mansion, 
who thus dispaied of the sui'plus p*T>duct8 of hts farms and landa. 
The shupe all opened to the street, as they do at the present day 
in the south of Italy and Sicily, and they were cloeed at night 
jiartly by means of wooden shuiieva eliding in grooves cut in Ibe 
stone, and partly by a door swinging on a pivut, the whole Ciot- 
ened together prolably by a bar of iron or wood. The grooves 
in which these shutters were placed are still visible in all the 
shop-fronU, as also the pivota in their sockets on which the door 
turned. lu many of the shops, particularly those destined for 
the sale of lic|uid8, counters of masonry, with jars fixed in them, 
still remain. They have their faces toward the street decomted 
with small slabs of marble of irregular »bape, set in cement and 
polished. 

The names of the different ownert were written over the shops 
in red paint, and aonie of them had signs of their occtipntiona 
in bas-reliefs of t^rra-cotta, many uf whicii are found now. Thus 
a goat iiidiciied a milk-shup or dairy; two men carr)*ing an 
amphora, a wine-Rhnp; the phallus, a seller of aniulet« and love- 
charms; u man whipping a boy hoisted on another's l<ack, a 
schooltnaatcr; and so on. It is difficult, of course, to find out 
what Wiia aald iu the greater number of tht^ shnj)*, their eootents 
having nerishwl or else been removed tn the Museum at Naples. 
The OHkera' Hho|>8 are easily distinguished by their mills and 
ovens: these latter are similar to v\ir own. 

The mills are very curious, and coiiHiut of two atones: the lower 
a coue, with rounded top, somewhat of the form ofnu tfgg, with a 
bjise or peilestal, and n gn>ove cut in it t<> catch the flour in its 
descent: the upper atone, in shape like a dice-box, fits over the 
lower: iu order to lessen the friction, a pirt>t is let into the upper 
part of the lower stone and a corrcspondiug socket fixed iD Ihe 
narrow part of the upper stone, four holce being bored in it 
(parallel to the pivot) to let the corn pass throagh. The narrttw 

* Ooochulad boa fMf« T9. 
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part of the tipper stone wu hooped out«ide with iroD, and holes 
cut iu it iiitu which wooden bars were insertcil to tani it round; 
this being done Boiuetimes by men, aometimcH hr nBses. The 
com wan plncrd in the hollow portinn of thb upper stune, pnssed 
grAiloally tltrough the holea in the iron aocKot, wne ground 
between Die Bur&cei of the atooei, axuI SuaDy lell Into the j;roove 
roand the Uue. Several loaves of bread were found in theditfe- 
reot ov«us; they are flat, about 2 in. deep and S in. dtaniet«r, 
and someiimea have had their forut given to them by a mould. 

The hounea nf the higher classes are divided into two parts, in 
accordance with the domestic cUKtoma of tlm ICoiiLihEi, am] their 
double life: the 6nt being public, the second privatu. The pub- 
lic part oiinipri*ed tlie vestibule, - or protbyniio, atrium, alae, 
faooaa, and [nblinuni; the priv'ate, the peristyle, nubicnlie, trioli- 
nifl, piuAcotecn, biblioteca, exedra, &c. The vestibule or i)rothy- 
rum wai <4 long narrow passage, about 6 feet wide, which led 
between the ^hops on either side to the ntriniu or hall; aome- 
Uiocs, though rarely at Pompeii, a small porter> lodge was 

tirortded on oue aide of the vestibule. The atrium was the 
argftst room in the pnhlic part of the house, and it was here that 
the owner received hia clioDts r-r supporters; in the smoller 
bousec of thine who were clients tlieinselves, and therefore waited 
oo others, thin atrium served as tbecnmmon resort of the family. 
It vn» a Urge apnrtmoDt roofed over, with an n|>eniti;r in the cen- 
tre called oompluvinm, towards winch the i-oof sloijed to throw 
off the min-watcr InU) a nliallow inarhle basin on the floor, collwl 
tmplavium. Of tliese atri?i there were )iv6 kinds: — 1. The 
Toacanicuui, or Tuaean atrium, the oldest and uiOMt commonly 
found in Pou>peiL The roof was supported by four beams crosa- 
iug at right aiiijlos, tbe incladed space forming the compluvinm. 
i. The tetrnatyle, or four-pillared atrium, similar to the last, 
except that the beams of the rouf were carried by ooluninn, one 
at each corner of the corapluvjum. 3. The Corinthian atrium, 
bad a greater number of columns round the impluvium. which 
wfts in uon.^erjuenc8 larger. 4. Atrium dtt^pliiviatnni, had its 
roof indined the nnposlte way, eo that tlie min was thrown off 
towards tho out«idc. 0. Atrinm tcstudinaium, which was roofed 
orer entirely, without any conipluviuro or implarium: this kind 
exists only iu the gxiorer housen- 

Of course none of tho ro<')td exist now in Pompeii; all havo 
periahed. .Such restorations as one sees of Lhi:in, tlicrefure, ore 
made from descriptions by vanouA authors, and from repreaeuta- 
lioDs iu painting found on the wnlln. The roof round tbe com- 
plarium was edgeil with ornamental tilcH adled anleSxffi, and 
at tbe corners lion*' or dogs' heads to can'y the raio-wuter, or 
throw it into the iuphivium. The open space was sometimes 
shaded by a veil, to ditl'use the light aud moderate the height. 
On tbe sides of the impluvium, lacing the entrance veatibale, 
wnu generally a smalt marble table, and in front of it a Bgnre in 
bronze or marble, hoKling a vase or a flower, from which water 
|Mwred into the implunum, thisfigtire being carried on a pedestal 
or foot. 

The floor was paved in mosaic, oronmniented by Hmnll squares 
of tuurhle set in cement, at regular didtauceji apart. Kuund this 
atrium were several rooius. I. Aim, or wings; small recesses for 
couversation. 2. Cubicnlfe, or sleeping apartments, Renerally set 
apart fur visitors, or for the male irorlion of the family. 3. Tub- 
linum, a large room facing the veatibulo, always opening into the 
atrium, aiiU itumeiimes into the peristyle beyond, without any 
wall or separation. Curtains were probably drnwn across this 
room on either side. At Hei-culaneum have lH-f>n found sotoo 
iron rods, to which such curtains niiijlii pr^tlwbly have been sus- 
peoderl; this room coutjiined the family arcliive$>, statues, pic- 
tures, &C. On one side of this tnblinum was a small passage 
called fauces, which admitted of trannitto the private portion of 
the house without crovsing the tabliuum. In the private portion 
of the houae were— I. The jieriatyle, which rcMeniblod iIip atrium 
in plan, but was larger, and always Bun'onnded by a colonnade, 
tbe centre sj»ace "pt'ii to the sky, with flowers, shrubs, and foun- 
tains ID it. 2. Cubiculse, or bedchnmberH: these were very small 
and iDoonveuieut, entirely out of keeping with nur modern 
Qotlons: V'ut as tho Bomnns spent all day in the open air, they 
ODly required snfhcieiit room for a hetl to sleep in, their ablutions 
'being pcrl'ormed either at tlie public baths or in private ones 
attached In all iha larger houdes. 3. Triclinium, or dining-room, 
xbe name being derived from tlio three wiuchee which eucompaased 
tiie cMitraJ table on three sides, le.iving the fourth open to the 
ottendant^ Tlie size of tha rooms and their number, of course, 
vlepeodsd oo the wealth of tho prupriclor. They did not gtvfi. 



however, vety large dinner parties, or, when doing so on spetial 
oocaaiitus, u«ed the atrium, the impluvium being boanled over. 
At their feasts tho guests lay wiib the upper part of the body 
leclined against the left arm, the head a little raised, and tbe 
linck supported by cushions; thev used knives and spoons, but 

?icked up their foo<l generally with the Augers of their righthaml. 
f ladies were admitted, they generally salon the couches. Their 
meals seemed to be somewhat aimilnr to the French repasts now- 
a-days, begioing with the promulsio or stimulants to the appetite; 
then courses of meat, 6sh, fleali, aud fowl, aud 5ually de^wert. 
The wine was kept in large amphorw, or jars, in parthenware, 
about 2 ft. <1 iu. high, of which many are found now in Pompeii. 
The jars were inscribed with tho name of the consuls iu oftice at 
the lime of the vintage from which the wine was made. JEai, 
or halls, were largo apartments richly detrorated, sometimes look- 
ing out on gardens; they constituted the ladies' drawing-j-oou. 
Piuaooteca, or picture-gallery, fur easel pictui'es, of which, how- 
ever, there were very frw. Biblioteca, or library, a smalt room; 
very little space being rc(iuiretl for the pnpvri, ur rolls of mntiu* 
script, which were talceu and read iu the IDxi^Iro, a room generally 
used for study or conversaiioo. Lorentum was the cliomlwr de- 
voted to the Lares, or household gods. Xystus, or gaideo, only 
fnund in the larger houses. In some of the larger mansioav, ;i 
special portion nf the house was set apart for the fomslo branch 
of the family, and termed the Venereum. The kitchens were very 
small, the cooking L*ing done by charcoal tires, as it Is now in 
aoino parts of Prance and Italy. 

Tlici upper floor of the house, as I have said, was occupied by 
slaves; there was also sumt^times a solarium or ten-ace, adorned 
with flowere and shnibf. with trellis work, where probably Ibe 
evening itieiils wei« Lik«:i iu the summer mf>nths. Tliese apart- 
ments constituted iherefoi-e tlievarious i-eqnirements of a Ponipeiou 
house. [ will now take one or two examples of the more 
important in Pompeii, iu order to note their gencnilnrraugemeut 
or peculiarities. 

The house of Pansa is one of the largest and moat intcrp^tiug 
in Pompeii. Its exterior iti occupied on three sides by shops, one 
of which communicated with the bouse, and therefore we nmy 
suppose was kept for the sale of the produce of Pausa's estate. 
Another shop (from the mills and oven) belonged to a baker. 
There were also three 8e|>aratc small bouMS attached to it. The 
principal entrance is decorated with two pilastei's on either side 
of the doorway; the vestibule is pavnl with mosaic; them* follow 
the atrium, two ala-, six cubiculot, tabliuum, fauces, peristyle, 
ornamented with sixteen Ionic columns, |>.-viuted red onc-ibird up, 
the rest fluted; four cnbiculaeor sleeping clininbent, two trlcliui;i. 
a splendid lecus or hall facing the garden — this latter half the 
sise of the mansion— a lervanu' hall, and kitchen. Iu this lattei 
was a curious pointing, represontiag a socritioc to the Lares, wh<.* 
are penonifiod by two serpents Dear an altar; represen cations of 
different animals and 6sh are also painle^l ronnd. Serpents were 
looked upon with great revei-enee, and were ooiiMidered a^ urvstures 
of gootl omen; they were of a harmless chnracter, and thoroughly 
domesticated, the ladles potting tbem round their necks, like a 
boo, in hot weather. They became .-it last almost a oaieance, 
like cats, from their Krgc increase in unmb^rs, no one daring to 
kill them. 

The house of the Tragic Poet, though small, ts especially remark- 
able for its paintings: in the vestibule was the celebrated mosaic 
of the *'Cave Canum," oopied In the Pompeinn court of the 
t'rystal Palace. In the tricUuium was the celebrated fresco of 
Lcda preseutiog to her husband Castor, Pollux, and Helen, tts 
now-bcm birds in a nest. The peristyle is terminated by a wall, 
on which was paiuteil a view of an imaginary garden. The 
house of the t'entaur, or of Castor nod Pollux, is of considerable 
size, aud consists of two distinct houses, separated by n 
peristyle common to both. This house has an atrium of the 
third variety, with twelve Corinthian columns round it. In it 
wer« fouud two highly decorated chesta, line<.t and bouud with 
iron, which still i^ntainetl a few silver and gold coins that bad 
escaped the attention of some individuals who returned aud maije 
excavations after the eruption. They were ludr.rtutiate trnou|'li 
to misoalciilate their disutnce, and arrived in the room by the 
side of the atrium, so that they had to poDctrato the wall atld the 
bulk of the chest before thev could arrive at the treasure it eoti- 
taiued. In tbe house of Sallust, on one side of the vestibule, ia 
a large shop for the sale of liquids, which oficus on to it; on the 
other side a Urge hall, an unusual feature. This houso has also 
a renereum, a kind of harem, set apart for the fem&le portion of 
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the oAUblitbnicnt. Tha house of the Coloured CApitals baa a 
8«coDd puristylo, ftiirrouuiied by a long ruDgc of twcaty-four 
coluniiiii. Two otiivr plans of oftvtj excaTated booses which I 
hlkve sketubcd arc cuririiw, odc aUli;d the house of Sirricuiu. Tho 
imgulnrity of ita periittyle ia the chirf fujiture about it: from 
Mcb of the oolQinna alau projects a suiall brouze water-pipe, form- 
iDg with the founUiu oud waterfall iu the marble Uok a pretty 
system of onumental waterwork-t. The other plan is of a auiall 
house, known tu that of the "graoii balcon;" the upper p.<u-t of 
the houoe, viz.— first floor — projocta forward over the street, aod 
is carried by wooden hnwkcts or cantilevers. The 6r8t-floor 
rooms here are verj richly decorated. There is one other bouse 
of importance 1 have Dot yet de^cribeil, "the villa of Dinmede." 
It is one of the most exteoaivc private honsea, and more especially 
interesting as a suburban villa or residence. Tlie house w built 
on the side of a hill, so that there are as many as four diOerect 
leveh; tirst and (jroiind floors, baseuieut, and cellars. It is one of 
the few bouses in Ft)m|Hui which has a pnrch iu front. There is 
DO atrium; you enter the peristyle from the prothyrum; round it 
ore triclinia, several cubicnlie or bedrooms, one of them elliptical 
In plan, with an alcove; a complete net of private batliH, with 
court and portico, apoclyteriuni, frigiilarium, &e. Also a room 
in which a larco collection of robes were found; a gallery lighted 
by vindowa, lookisg on terrace*; library and readiug-room. 
Stairs lead to the apartments beneath, which seem to have been 
used by the family; thev were situate on the basement floor, and 
looked out on the gartlen at the back of the house. They are, 
pi>rh.-ipSf the only apartmentd in Pomtreii in which the oeittnga 
remain; they are vaulted and painted with fancy arabesque dooora- 
tiona. Large terraces surround the garden, under which are 
abady porticoes, moRt delightful retreats iu summer. In the cen- 
tre of the garden was a piscina or fishpond, with jet9 <teati, and 
a kind of arbour with columns, on which probahiy wore trellis 
work and vines. Under the portico, and lighted by loopholes at 
the level of tba giound, are gnlleries, probably used as cellam, 
front the large collection of amphonr iliscovored there. No less 
than aoventeen skeletons were found in thia ool}ar,cliicfly of femalea, 
who liad taken refuge there during the fall of ashes over the city, 
whilst the men had taken to flight. Two of the skeJetnus were 
children, whotte blond liair and texture of drees were atill apparent. 
By Uie gnrden-gate were found two skeletons, one presumed to 
be tlie master of the house, with a collection of coins near him, 
and the key of Che gate in his baud; the other probably a slave, 
beside whom were found several silver vases. 

Arehittciure and Decoration.. 

Tiearly the whole of the architecture of Pompeii betrays a 
Qreek feeling in its mouldings and ornament: and although under 
the domination of the Romans, their architecture was gradually 
introducctl, especially iu the size and form of the publiu monu- 
ments and temples, atill a ccruin rtifiuenient and beauty eiiating 
in Lhom induces ua to believe f hat, even if not by Greek, certainly 
they wore not executed by lliimau artists. MMiilst the sectiooa 
of the curvet! Roman moiddings were always portions of a circle, 
those at Pompeii seem to have been traced by hand, or approach 
more to the curves of conic sections; and yet, notwithstanding 
the reaemblanct; in feeling tn Grecian work, the results are so 
different that one is at a loaa to account for it To take the Doric 
column, for inatanoe, which in the latter fwriod of (Jreek aupre- 
macy reached a proportion of only Gi diametora, here in Pompeii 
it falls to 6 or 9 diameters without any apparent transition. It 
is (rue that iu the latter city tliey supported light weighla, such 
as terraces constructed of wood only: iu all other particulars the 
Pompeiaa Doric column fulGls the conditions of beauty in the 
Greek order, having no base mouldings, a simple capital, and 
ornamented with tweuiy flutings. 

Again, the wiilth of the volutes of tlie best Qreek lonto cape 
ia equal to ij the lower diameter of the column, whilst in the 
Pompeiau they are only ly The Pompeian ionic cap has also 
another ]»eciiliarity in the difference of the form of the echinus 
moulding. Now the (.irecian eeliinus is narrow and deep in form, 
like au egg with its shell around, and what ia usualJy called the 
tongue, mure like the head of a Inuuc In the Roman examples 
the egg is broader, the lower portion semicircular, the shell more 
aprea*! out, and the tongue between takes the form of the barb of 
an arrow. In the Pompctaiiecbiuus however, the egg is extremely 
small, and the shell has no ogee form; the boogne is simitar, but 
wider than the Qreek. 

Tha capital of the Corintbiaa order, like that of the Jontc, is 



smaller in proportion to the column than either Uie Orecian or 
tiie Horaan varieties; its leave* resemble more those of the cabbag^j 
than the acanthus; and, as if tn return to the origin.il natnralfl 
type from which it |)robably was copied, the voJutee or spirals^ 
T'-semble more the natural tendrils of a plant, than the conven- 
tional form of them in the Greek and i^jmau caps. The tempi* 
of Veata, or Tivtili, near Rome, has a siuiil.-ir capital, and it has 
been copied in thia connlry in the Bank of England, designed by 
Sir Juhu Soaue. 

There are no relios of the Classic penod more interestiog tlian 
the lerra-cotta ornaments which are found iu such abundance 
and which give ua an insight into the architectural deeoratioo 
the domestic and less monumental buiUliugs. It has often bsea 
a matter of some inquiry whether thi3 perfection of detail, the 
subtle proportions of the Parthenon and other buildings, only' 
but lately uiacovured, and which we can scarcely now lay down 
by mathematical rules of the greatest compIicatioD, but which 
with them was instinctive and the result of highly-trained minda 
and eyes, whether the smaller buildings were designed and c-arried i 
out with the same care; and I think thai amongst other proofiij 
these terrn-cotta relics show us that they wen- uut; for, although ' 
they show artistic feeling and taste iu tho highest degree, they 
are comparatively clumsy and rudely made: nnd 1 cannot help, 
thinking, that now we have arrived at such mechanical perfcctioBl 
in tho manufacture of these articles in terrn-cotta and brick, aS 
careful study of some of the old Pompeiau and Komau woric to 
Im) found iu the Britisli Museum and elsewhere, will greatly assist 
the architect in finding out the secret of their artistic beauty 
and effect, in order to instil a similar feeliug into our modem 
work with a clear distinction of that kind rif urnameut which LaJ 
best represented in the material. Time will not permit me nowl 
to enter into further deiailrt about the architecture, as X have yet 
a word to say on the mosaics and frescu jtainting. 

Of the mosaics I shall say but little: those of Pompeii geoeraUi 
consisted uf blaclc frets on a white ground, or white on a bht 
ground; sometimes they were executed in colour, as in tho 
tound in the Villa of Diometle. The formation of pictures in, 
mosaic was originated by the Greeks, who arrived at e.\lraoi^inai7^ 
perfection in their manufacture; they are works of eii<>rmouii 
labour and expense, liougher and coarser kinds of umsaic Hn , 
also to be found jn Pompeii; one kind forming an ornament _ 
covering for columns in the pLico of stucco and paint: a second^ 
kind cuusisled of irregular-shaped pieces of marble and stone, 
stuck ill cement, luid nut sinuotlied down to an even surface, with 
shell'Work. The Great FnuntAiu is a good example of it, which 
latter is more remarkable for its singularity than good taste. 

Tiie fresco-iiaintiugof Pompeii is very intenmting to us, bavingj 
but little acquaiutance with tiiat kind of work. The Pomp^anJ 
freaco-painter used some kind of resin, which ho mixed with thcl 
colours in order to give them teuacilv, and render the impaata oh 
tbeir tints glutinous: wax woa placet) afterwards on the pointiuK 
to tix the colours and brighten their tone. The plaster coousted 
of seveu coats, three of Mind and four of marble-dust, each sncces- 
aive coat being formiil of thiuDcr and finer atiitf than the laat.{ 
The several coats were laid one upon the other without allowing 
any one to dry. The painter then commenced by tracing with a 
graver or style the principal lines for ground tints. He then in- 
dicated with the same gniver the Itgures of arabesque, and 
proceeded to 611 them in with colour, the wall being atill motat. 
As however the work proceeded, the wall would natgrally be 
drying, and hence the anialgamalion with the surface wonid b« 
less complete. You will understaml from this description uf the 
eyatem employed in painting, that the patting on of the colours 
had to be done with great celerity, that there was no time for 
study of composition or effect: iu consequence, their painting 
must be looked upon as dccunttive rather than fiuished drawings 
or paintings. Of coume, they haxi the power of cutting out the 
plaster iu any part and forming it again, but Uiis was nrtly r 
done. ' 

From careful observations of the different frescoes from Pom-' 
peii and Xlerculaneum, I was able tu perceive that there 6xlst«di 
two or three different styles, which might in fact be expectedl 
from tho changes of people to which the town biw been subjected; \ 
hence the Etruscans, or Cuounans and the Greeks, naturally muat - 
each have brought in their special styles; and, in later date, tlie 
BomanB. To draw a clear and detiuite line of distinction, how. 
ever, would be very difficult with ao few illustmtioin as I have 
here. Without regard to style, however, I might elaaa tlie paint- 
ings in three divisiona: — Isl and highest, The pictorial represen- 
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tAlion of gnopa of figures: which I vronld call the ideal based on 
nature, i. The repreaeDtatioa of natanii foliage, plants, &a: 
the real bsMd on nature. 3. TIte repreaeotAtioQ oi imsg^iuary 
ipeetires of imagittarjr arobitectuml feature: the ideal based 
ooDTMitionalitiofl, fimtasiM, and ooncetta. Tbe 6rsl is certainly 

<e most important, becAUSO it gives us a glimpse of what the 

cient Greek paintings may have been; for, judging the Grecian 

:ul|>tura and orchitccLurt; in comparison witb the l-'niupcian, 
(VQ may draw our concluaiuus on to what the Tireek painl- 
ingi were in compiLrisoa with those found at Fouipeli; 
and the paintings of Greece may b«- fairly suppoaed to 
hftve been n» superior to the piuiilings of Fomiwii as tlie Grecian 
acolpture and architecture surpsaaes the Pompeian. Tbe Pom- 
peian pAiniiugs, therefore, are extremely interesting to us in that 
light; tbey rank, however, Ihenwelvea ns psintings of the highest 
(^aa. I hare, I am soiTy to say, bat few illastrations of them 
bere; I must refer you to the works of Sir W. Gell and Professor 
Donaldson, and also to tbe Pompeian Court uf the (JrystAl Palace, 
in proof of what I say. 

Tbe composition of the 6gurea, tbe elegance of their caoTe- 
menta, and {lower of drawing, are most remarkable, especially 
when we take into oousidi- ration the hasty jnauuer in which It 
waa Deceasary tbey sbonld be executed. Tbe imiutinga nuder the 
■eOBpd head are curious, as coutmdicttug tbe russeriiou often made, 
that Ifae ancients never copitfil nafii-e dimi'tiy, nUvaya r^uurLing 
to lome conrenlionnl trentment of it. Nothing can exceed the 
beanty and siniplidty witb which tbe natural foliage of trees aud 
•hnil» is depicted; whilst onr modern artists would occupy whole 
hours in the painting of an apple, for instance, the Pompeiau in 
aa man^ mitintca produced the same, with at all events siilhcieut 
indication sjid power to lost eighteen centuries. This kind of 
decoration was genemlly employed at t)it> further end of tlie pe- 
ristyle, where it was sapponed to represent a garden beyond. I 
may mention that near Rutne, at the "Prima PorUi," has been 
diaoorered a chamber painted in this style. I was fortunate 
^nuagh to gel nccess to it when in Eome lost year, and was 
iniahed at tbe brilliaocy of the colours and wonderful 

ecntion. 

To the third class of paintings I looked forward witb consider- 
able interest and curiosity, in the hopes of being able to discover 
in (Juae architectural perHpoctives Inices of a style of architec- 
tun ID which nieUl would form tbe chief material; but I am 
Mcry to say that I could discover little in it but wliat might have 
been tbe composition of imaginative minds; and my chief reason 
for disbelief in it is, that it cootaiua all those details, such as 
architraves, friezes, witb iriglyphs and cornice, which belong to 
atone architecture, and ate ijulle unfitted for the true use of iron. 
So that, even supposing that these compositiona of attenuated 
oolamos, lic were oopies of the terraces which eiisted on tbe 
tops of tbe houses, we have nothing to learn from them ttiore 
^than we con do ourselves, and it is the archesidogiat rather than 
aiehiteot who would feel interest in them. However, bo tbey 

hat they may. it is impossible net to admire their wooderful 
ixecutiou, and the grandeur and apparent «izo they give to the 
.rtoieala whose walla they occupy. 

And DOW a few words on tbe general system of decoration. 

le walls appear to have been divided into three parts in height, 

iO lowest abuut 3 feet high, coualitutiug as it were a dado; the 
'■•cond (according to the height of the room) some 9 feet or 12 feet 
above the dado; and tbe third up to tho ceiling. The lowest was 
the darkest in tone, the second intermediate, and the appermost 
the lightfSt of :\\l, generally white: sometimes there were only 
two divisions. Ileoco, if the dado were black, tbe middle portion 
would be red or yellow, and above white. If the dado was red, tbe 
middle portion wonld be yellow or blue; and if the dado was yellow 
all the r»«t of the wall woald be white. The object of this waa 

ErobaUy that the lower portions of the wall wore most likely to 
B aoilod, and therefore the darker they were in tone tbe better; 
whieh ntay als^i account for the singular idea of paiotiug the lower 
portions of the columns red or yellow. The colours I have given 
arav of ooatee, only the grounds on which were painted various 
designs. 

Panels or compartments were always executed in simple and 
unmixed colour;*, such as reil, yellow, blue, &c. Sometimes the 
panels were of tho same colour; sometimes varying^ or relieved by 
boidcn or a white background, witb architectural perspectiveH. 
Nearly always the centre of tbe panela is occupied by single 
flgnrea or groups in pale ooloor on the dark background, or in 
" fraues or aeduUioot. The nomber of aoceasory oruAmeata 



which accompanied tliese decorations were composed of an ioiiDity 
of garbuids, borders, frames, standards, panels, friezes, and other 
details, of which it is ditBcult to understand the meaning, except 
that, eesthetically speaking, they are pretty. 

Towards tbe hitter days of Pompeii, tbe rage for colour scpms 
to have tAken siicb possession of the people and their artists, that 
they sacriticed form U> it in ever}' possible way; hence we tiud the 
beautiful moulvlingsof the earlier ages covered with stucco, and 
painted with as many brood surfsoea aa poaaible for the display 
of colour; and the simple and elegant oolnmn ■■, originally Doric, 
of tlio temples and porticoes made to lose all their elegance and 
beauty, being converted into pseudo-Corinthian by the addition 
of numerous coats of stucco, and then jmintetl. Another kind 
of decoration is tliat whose origin was probably derived from the 
third class of paiotings before alludtHl to. It consists in the 
representation in stucco relief of these &rchite<;tural perspectives, 
and was employed in places where the rain or moisture would 
affect ptiintings: it was formed whilst the stucco was wet, par- 
tially with the plasterer's trowel, partly with moulds. 

In coDcluMion, 1 think there ia a great deal to be learnt from 
the plan of the private bouses in Pompeii; for although our cli- 
mate be very diiferent, tliere are still certain principles which it 
would be well to bear in miml, such as the simplicity of their 
arraugemeuLs aud tbe beautiful perspectives tbey give. 1 am Uot 
sui-e if iu our country maoaiuns and viIliL<i Lhose peristyles and 
courts could not be well introduced, oovci-ed with glass if you will, 
and iu the centre of them fouutains and shrubs. The plans and 
details of the public baths are extremely interesting, because it 
happens that thsy are being iutroduoed Into Ktigland at the 
present time. 

Our institutions, religioua and civil, of couree, would clash 
somewhat with tbe public monuments and temples; but we can- 
not help, however, looking with envious eyes on those grand 
forums and public places, so Deoessary to health in a large me- 
tropolis, and alTording so great an opportunity for imprnving ttie 
tastes of the people by tbe display of natioual monumenta of a 
bigli class. 

With respect to the fresco-pa in tings — perhaps the moat interest- 
ing poition of my subject — I may as well say tliat, on strict 
reasoning, I cannot advocate all Pompeiau work as based on a 
healthy and true priuciple. Whpaever reason however enters 
into the queatiou, it is very difficult to lay down auy laws. The 
doctors themaelvea do not agree; for whilst one^ on strict ecieotific 
principles, advocates diaper patterns, nnotber cries out for com- 
mon sense, and suggests, "as a truthful idea, the painting of 
lovely chihiren jumping through vine-leaves." 

The Pompeiau decoration certainly arrives at great perfection 
in tbe objects its artists probably had in view, viz., that of pleasing 
tbe eye with elegance of form and beauty of colour. If we can 
satisfy these demands, it matters little the means by which we 
arrive at it I can only recommenil, therefore, to architectural 
students a careful study of the principles on which such perfect 
harmony and contrast of colour are obtained in the fresco-paint' 
iugs of Pompeii: tbeir own hearts will dictate to them the best 
means of displaying it. 



IRRIGATION WITH TOWN SEWAGE. 
By Georoe KiNU, 
Irrioatiott is a practix» of very great antiquity, and one of 
which descriptive records are to l>a fourid in varions auoient 
writings. It has been and still is practised, in one form or other, 
in most parts of tbe world. Egypt, China, Jodio, &C., all bear 
witness to its extensive adoption. In Lorabardy it has been 
carried out upon a large scale for about SOO years. It is also much 
practised in various parta of Italy, Belgium, and France. To the 
Komans is generally attributed the introduction of irrigation into 
England, where it is extensively adopted in the counties of Wilt- 
shire, Huoi|tsbire, Gloucestershire, Somersetshire, and Devon- 
shiie. The valley of tho Wyley, from Salisbury to Warminster, 
is an almost unbroken series of irrigated mnulowa, extending 
about twtiuty-twu miles in length, and covering an area of about 
rtOOO acres. The practice, however, ia not exclnsively confined to 
warm climates; its gma suceeaa in Scotland has becoms prover* 
bial, and the stUl colder climates of Sweden and Russia bear 
tostiraony to its value. The time is probably not far distant wben 
Australia and Africa may bo greatly enriched by juulicioua 
irrigation. 
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Although the nealta of Ancient irrigation h&ve been great, 
they dimmish in importance when compared with the modem 
irrigation with town sewitgo. Of this pyst-^m E'litibtirglt ofTers .\ 
striking example. Although situated in a high northern latitude 
uf.^Q deg., with a mean temptiratoi-e of 47 dej;., an>l having iu 
parts some a sterile fioil, and other phyalcal dietut vantages, chene 
inondowft arc probahty without a parallel for ext«nt of land 
operated upon and for profits realised. In treating the subject 
of the paper it is proposed to describe these mca*iow8, noticing 
aepitmtcly the diffureiiL [lortions wliich lie iu vuHoas directions 
round Edinburgh, there being aomt; peculiarity in each eet of 
rue-idowa, either aa regards the mode of applying the water, the 
tnnnnor of disjioaing nf the produce, or the prices made by the 
ditlerent uiothoila of sale. 

The CitAioiKTixxT Watsx Meadows. 

The entire estate oiiciually comprised five famis of various 
i'u^ called Craigintinuy, Fillieslde bank, Soulliside bank, 
Wbeat6eld,aDd PieMfielil,' amounting in all toa quantity of about 
.'ittu &crc«. The land uii'ler inigation haa a north -westera 
aspect, and lies exposed to the sea iu that direction without any 
alielter. On the aouth-wealern side, where least needed, it is 
screened by trees and hille. AlK.ut sixty or seventy yeara since 
the portions of Killiesidt^ fiirm known as Fillieside old meadow, 
east and west of Old burn, ah the original watercourse is called, 
were almost worthless, beiii;: forine-l nf sand hills and hollows 
us left hy the seik. The sand lies upon a strau of hard clay-tike 
silt, also the washings of the nea. The portion called Blaekaide 
Mea<lnws WHS arable. It consiBted of a tcDacioos clay, very 
dilficolt to work, but with well mauuring and a suitable season 
pTodueing a good crop, and in nu unfavourable seaaou totally 
tailing. The part^ known as Fillicaide nppcr meadows, Burai- 
wanl 8 meadows, Lockatmud meadow, Jeno^-'s acre, the Garden 
lot, and (lllieside braes, were amble, siraUar to the parts known 
an North field. East field, and South field, having a fair average 
workable aoil, inclining to ciny; the same may he said of the 
(.'r.dgiutiuuv m(!n<l"ws, which nearest the nouse are allu- 
vial soil, bat nioug the road they partake of the same 
nntnre as tlie Blarksido meadows. The part known as the 
Rugine meadows was taken, a portion from each of the South- 
side bank farm, the Craii;intinny Darro, and the Wheattield 
farm, and is in nature very similar — a gowl arable soil, both tor 
working and crops, but lying upon a dry, hard, gravelly subsoil, 
and requiring nuieh moisture, and whinli, in pnsturc, would he 
vevy inferior knd. All the antbtu land above the Eugiuo 
meadows is a vt^ry good deep soil, suitable for any crops. The 
Sea roendows^ on each aide of the Leith turnpike road, were, 
forty yeara since, a mass of sea sand, tol:tlly worthless. This 
picee is p.irt of the land formerly called the Figgate whins, 
which was notable fur its barrenness. IVevious to 1762 the site 
of Portobello, which joins Leith psrish at this point, and the 
lurrounding lands, were a moorish, furzy waste, of no value 
whatever for agricultural purposes, and mainly distinguishable 
from a desert by the presence of one Immau dwelling, in 1T62, 
hon-ever, these lands were let at about ill 1 for eeveral hundred 
acres. A few nmntliR after they were sold for £1500. Tliia 
huid is nuw the site i»f llm favourite wntcriug-placc, PortohcUo, 
containing in IS^'^t, 1449 liouscii, and (1932 inlmbitants. 

Having briefly noticed tlie condition of the land previously to 
the appliwition vf tlie water, we will now oonaider the method of 
applying the wftt*r, and the cost of the n|>eratiou. The pecnliar 
f^1ll.^ traction ofihogt-ound ujwn which the city of £<linbur:.'h is 
built, otunprising riJges and gnllej-s, tends to throw a grent 
portion of the sewcr-w/iter iu a direction exactly opposite to the 
river called the Witter of Lcitb, which skirts Kdinburgh units 
north-western side, in itscoui-se to the ftea. at Ijeith. Tliegrealewt 
part of the sewer-water, tliei-efore, wends its course to the sea in 
the dirw'tion of the C'raigintinny estate, through the village of 
Ecat«lri;r, whoBc sewngr' it reroivcs as well as that of the village 
of Jock's Lo<l;(e, ihr h«rge i^ugiue depot and ookeing establiith- 
nient of the North JlritiBli Railwuy, and the Piers Hill cavulry 
barrack)*. In its cimrsr* the sewage bum receives very liltlo 
spring water, aiul nmy, tlierufore, be considered as purely sewage, 
oxcept in wet seasons or from heavy storms, and even then 
the area which it dntins is too tiuiiied to cause its banks to over- 
flow; therefore the wiUer in all seasons is perfectly under cont- 
mnnd. There was ftirmerly a water-wheel at the Fillieaide fann- 
stcnding, whieh was torned by the sewer wat«r; this proliably 
suggested the idea of c-u-rying the water upon a level from tliAt 



point to the opposite end of the farm, for the pnqxMe of irrigi 
tion, which gave full control of the water over all that side of 
Fillieside f^rni known ns Fillit^ide old meadows, westof finm. 
The Fillieside farm at that time — nhimt the year 18(X) — wa» 
occupied by a tenant of 'he name »»f Wriv'ht, to whom is due th»; 
merit of comnieuctng the irrigation. He conveyed the water to 
the opitosite end ofihetArm, and laid out the irrigation upon a 
pl.-tu snitnble to the ahape of the ground. Where the land lay 
with a fall one way he adopted the pane and gutter system, but 
where it was more uneven ho employed the catch-water system. 
By tliesu modes he irripttcd the whole of that portion of the farm, 
alwut 30 acres. Having got this part into working oixier, Mr. 
Wright proceeded to operate upon the Fillieside old meadowy 
eaMt of Biini, and in order to have a full command of the water h« 
cue a carrier alongside the main farm nuui to the oxtreme part, 
known as Blacksido meadows, round which the carrier takes n 
circuit to Fillieside farm-house. This cnrrier is about forty- 
eight chains in length, and by the rand side is about tf feet wm1« 
And 3 deep. The soil fn>m thin cutting probably went to till up 
hollows in the part about to be irrigated. This portion of the 
irrigation ia laid out similarly to the former, and was much more 
expensire. In addition to the expense of carrying on the workv 
another, and far more formidable one exista, namely, that of 
purchasing stock to consume the immense quantity of grass pro- 
duced, for the system of rouning Inul not then been brought 
iutQ operation. These and other causes obliged Mr. Wright to 
rolinqnish the fanu before he had finished this part of the irri- 
gntion, and, tliere being no law to the coutrarr, the whole of hi 
outlay became the property of the landlord. The farm was then 
let at a greatly advanced i«nt to Mr. West, who completed the 
irrigation, in time another change occurred in the occuj*aiicy, 
and ultimately the propriotur, Mr. W. U. Miller, took the entire 
estate into his own hands for the purpose of carrying out a more 
genenU and acientific mode of irrigation. Ue employed aa 
engineer, who took levels from the point at which the sewer 
water untere the estate, which gave an elevation of aboat 12 feet 
higher than the level carrie<i along by tho farm rcHul by Mr. 
Wright; this carrier is called the high-level, it brunches on from 
the old Burn in a uorthernly direction between I^ckstrand 
and Bumiw&rds meadows, Hud is carrie^l along an embankment 
a)>out 9 feet high, and paases by Fillieside upper meadom and 
Fillieside braes until it reachea the extreme end of the estnte. A. 
lu-anch also strikes off from this level about three-fourths of the 
way through Filliesido upper meadows, nud thi*n divLTgca to tba 
south. The high level on the opiwsiU' side of the Old Burn, taki 
a conree somewhat pai-allel with the main farm road to the ex- 
treme end of Craigintinny meadows; it then turns suddenl;, 
towaitls the north, and, by means ofnn embankment and aqueduct*' 
crosses the fotm-roail, and continues about two-thiriis of th 
way across the Blackside meadows, when it turns to the wesi 
and runs nmrly to Fillieside farm-house. Another branch runs 
from the point at the end of Craigintinny meadows in a aontli- 
eaatoru direction by Southside bank meadows to the London- 
roiid. The fencefi were all removed, and the land taken irre- 
Bpeciive of pasture or arable; the diJforent meadows were, of 
course, formed after the carriers wore set out. The Fillieside 
braes is a steep hnnk lying between the high and low levels, over 
which the water (lows hy iIm natural fall. 

The Fillieside upper meadows arc pane and gutter artificially 
levelled, and are all formed upou inclines, the iloatiug treucfa' 
spreading the water un, iind l\w draining trwrichos carrying 
off to the low level, where it \a used a second lime, if refinired. 

The Lockstrand meadows are irrigated partly from the sama 
l«vel and partly from a carrier on the opposite side, and are also 
pane and gutter; the waste water is t-onducted under the em- 
bankment lothe Fillieside upiier draining trench. 

Tho Bnrniwnrds meadowti, running along the north aide of 
the main farm-road, are irrigated by a small carrier alongndi 
the nud, and drain into the s-ime trench oa the former. 

The Middle Cmigintinny, the Whcattield, and tho Trin; 
meadows, ulso pane and gutter, on the south aide of the road, 
irrigated from the high level, the waste water draining off into 
the low level 

The Craigintinny ine.adows are a eontionation along the sontk 
side of the road, also pane and gnttcr, irrigated fi-om the high 
level, and drain into the low level; they extend to where thfl 
carrier turns right and left. The Blackside roemlow^ are wo 
planned and execated, piuie and gutter, irrigated from the highl 
level, ftfter it has pawed over the farm-rotid by means of the 
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aqoedact; tlio noHhem siJc falla towards Filliesidc incsadowa, tbc 
•OQtherD «id« towards Uie ro.vli both sides driiin into the low 
level JenDv'a »cre, and the Garden lot are irrigated frora Una 
Urel, Jind draiu into the Old Burn. 

Sonthaide bank ia the strip between the high and low levels, 
tevliug from the end of CmigintiaDy meailows. iu the suuth- 
eaateru directiuri, txi the Ijomlon-ro^d. Thia iu a sleep bank, vei-]^ 
•iniUAr to Fitlioside braca, and is irrigated in a uroUar manner. 
This bank, ns al»o the l''illteside braes, was probably at Kioe 
remote period the eea boumlary, as all the ]aud between them 
and the Firth of Forth irsea laud. 

The Sea meadows were formed aboni the year 1821, and for 
this puriHifle a carrier wae eat from the low level, at the point by 
the roan wliere it branches off ronnd the Blackside meadows; 
this cirner was continued up to the Iioadou-road. They are 
formed upon the aaioe plan aa the others, namely, open gutters 
and pancB, but the ground required n great deal of levelling, and 
beia^ intersected by the Letth turnpike-rond, is laid uut in two 
purtinus, calle>l the Sen me-idows and Uppi;r sea meadows; the 
lacier, lying on the Kniith-wesl side of the road and next ihecarrier, 
were formed Erst, and the water runa from them into a carrier 
on the north-east side of the ro-id; but as far the largest por- 
tion of the Sea meadow lies on that side of the road, thiero are 
three aluicea which deliver tlie water by means of iuvert<j(l cul- 
vei-ts unilcr the road, where ilio w«tor n«ea to the required levela 
and ditws idong the carrier ri^ht and left, according to the fall of 
the groiiud. from the culverts to the cxtreue ends of the meadowa, 
the south-eastern end beinf^ much wider than the other; extra 
carriem run ac-rofts about the middle, to insure a supply of w»ter 
to the lower ivari-s. 

The F.ngine meadows were formed iu IHQO, and occupy the en- 
tire southern portions of the irrigntlons, from the Sen meadow* 
to the extreme western end, and are wholly on the suulU bkIa of 
the high level; the ground is formed in o[)eu gutters aud panes 
ciinilar to the others, and are called Southaide bnok east. South- 
aide bank west, and Wheatfield new. These mc^tdows are irri- 
gated by means of a steara engine of about 8-borse power, which 
alio works thnwhing and odier machinery. The water is con- 
veyed by a carrier from the high level opposite the Cp) er Sea 
meadows towards the centre of the part called Southside bank 
east, and from tliat point by a drift or tunnel to the engine well, 
tt it raised by the engine nluut 3i> feet, and runii thrnngh t6-inch 
e&rtbon pipes under the Inrm-road, from thence it is conveyed 
by the carrier to the extreme western end of the irrigations, 
oalled the Whentfield now DieadowB. Another carrier diverges 
off from this one in a northern direction along an enilvLuknient 
about 7 feet high, nearly to the op|iosito fudo of the Knghm 
meadows, it turns along the high ground right and left, and the 
water flows out of each of these branch carriers on both sides. 
Another earrier was tnit on the uppoiiite sid« of the fanu-mad 
in a uorth-eaatem direction to the Sonthaide bank meadows. 
The whole of the waste water from the Eugiue meadows runs 
into the high level to be iigain pumped up by thr engine. 

From a report oo the Cniijcintiniiy Meadows made by Mr. 
William Lee iu lt</>1,ut the iu8iaiice of Uie General Hoard of 
■ Health, it app<»«M» that the Fillieside old meadows, containing 
- IBn. 3r. O^p.,ou!tt ilJOO; the New mciidows, containing i>6aL Ur. ^p., 
oost X1.100; the Sea meadows, containing 40. 3r. 1 ifp., cost ^700; 
and the Kit:;ire meadnws, conipri.iing ^^n. 3r. 16^p., cost .£2000; 
making a total of lands irrigated 2.'iOa. 2r. S|p., and a total of 
money expended in so doing X45tHj. 

It will be seen that the cost of forming the Engine meadows 
was i!33 Gr. fid. per acre. Tins includes the cost of conveying 
the water to the engine, and the cost of the engine itself— the 
fanner ^1000 and tbc latter £i5i) — the actual cost of forming 
tie gronud was therefore £12 lOr jKjr acre. Tlicre are two 

ftt«rmen employed, one by day and another by niglit, one being 
ays on duty. There arc never more thau ten to hfteeu acres 
under irrigation at a time — the whole Is divided into districts 
which are operated upon in snccesaiou. It occupies about twenty- 
one days to go the entire round of the irrigaUon. The fii-st p«rt 
is th«n commenced with again, and ao go the roundA of the in-ign- 
tion during the nunimer niontlis. Iu the winter the irrigations 
are only applied ooiskiiionally, making in nil about 2^4 days' irriga- 
(ioo out of 3ti5. About half the city of Edinburgh, but by Tar 
the most di>i)wly )ii>pulat«il jiart, having from hO.^niQ to iiO,<MO 
JDhabitanta, diecharges its sewage iu the directir.u of the Craig- 
mtiDoy estate, and the average qu.iutity of sewage water flowing 
It estimated by Mr. Lee at 2:^u cubic feet per minute. The follow- 



ing table will show the approximate quantity of water flowingr 
and the quantity actually applied in the irrigations during the 
224 days it is in operation:— Per day 316,800 cubic feet, = 9360 
tons weight; [wr year, 115,71 1,200 cubic feet, := 3,4lci,740 tons 
weight Calling the part irrigatcii £A0 acres, gives aa follows per 
acre: — Per year, 4fJi,&45 cubic feet, = 13,673 tons weight Quan- 
tity actually apptieil iu irrigation per 224 days: — 284,047 cubic 
feet, = 83y^ tons weight. 

The large quantity of water flowing, as compared with the 
number of acres irrigated, giving h3its^ tons weight per acre per 
annum, or about 80 mclies m depth, witliout allowing for atonn 
Witter, and what ruua to waste the 130 days the irrigations are 
su3[iended, is clearly much more than is required for irrigation. 
In many parts the g^->und is exceedingly soft, and yielding, but 
there is a firm road, not irrigated, to each rouping lot. All ihe&e 
ruads, except the main atoua farm-roods, as well as the floating 
and rouping trendies, are measured in as ap^tendages to the lots 
to wliich ihoy adjoin, so that no land is tost to the proprietor on 
account of those conveniences. 

Mr. Ijeo estimates the annual expeuses of applying the wRicr 
totheoldmHailoWKat.£4Bfor the 224dayH irrigated, and the annual 
working expenses of the Engine meadows at .£117 i£f. The 
latter, of course, includes the working of the en^ne, the water- 
men's labour, and other incidental expenses. Tins is calculated 
at lOi. per 12 lioun, with coals at 6tf. per tou; but as the engine 
works night and day it is ^l per 24 hours. It miscs about 'iVO 
gallons {ler minute, by means of two pumps of Id inches diameter. 
This gives .£1 VM. iid. per acre as the ooet of applying the water 
by steam power, and .V 0|rf. per acre by gravitation. 

Next an to the reauh^ ohtained by the application. Tlie out of 
the grass ia let annually by public roup or auction. In 18^9 lite 
roup took place oo the ulst March, and the cutting commenced 
on the following day, with very goud crops. The effect of the 
grtsK on tlie cattle ia very mnrked and highly favourable. The 
meadows incrcASe in livnuess, ami cont>t-queutly in vnlne, every 
year; the grass not only improves in quality, but gradually be- 
comes thicker; five or six good crops are cut iu course of theseason, 
five weeks is sullicient time to allow betwet^u each cat; if too long 
IV period elapses between the cuttings the grass becomes lodged 
.and rotted on the ground, and if cut in that state is much longer 
in starting again. In some of thebedt of the old meadows eighty 
tons per acre have been cut in the course of one aaason; an acre 
of such grass will keep eight or ten cows through the summer, 
and the prices obtained in 1869 ran from .£20 to £'il> per imperial 
ocrc for the old meadows coUeolivoly. 

In ItiCo, owing to severe weather, the first roup of the Craig- 
intinny Meadow-i did not take niaco until the 2Sth April, a fort- 
night Inter thau hud ever been uefore, and a month later than m 
lh^r>. Even then, there were large patches where the gross was 
cut last, and had not aprouted agaiu to cover the ground before 
tbe first severe frost set in on the 20ih October; where vitality 
saemed entirely destroyed the gmund was in tliose patches 
covered with a crust of dead bog, without a living blade of gnaa 
upon it. The lets not being all equally forward it was determined 
to have a second roup of the laier loU; the few first lots were 
therefore taken promiiicuously here and there amongst Ihow 
intended for the second roup. It appeared these lots had not 
been cut so immediately before the severe frost set in, consequently 
the ground was not covered and protected from the effects of the 
frost. 

Having disposed of these odd lots, they commenced with the 
Sea meadows below the Leith turnpike- road. Lots t and i aro 
very much acted uiwn by the sea, as they commence at the end 
of the sea-w&ll built by the railway comjiauy, and will soon 
apparently be washed away. These lots were, on that account, 
not offered. lytts 3 and 4 are similarly affected, hat not to the 
same extent. Tlie»e two lota now form one, and were lot at a 
tiompaiatively low price — £18 per acra. ]»t8 H to 63, whi^ 
oDmpri.<ie the whole of the S^ meadows, ran pretty regnlor, 
ranging in price from £iO per acre the lowest, to .£37 1h« 
highest. They next proceeded with tbe Upper Sea meaijowa, 
rnnning from Ijots 64 to 81: there were four lots which lukd 
suffered vc>ry mucli from the frost, and wero reserved for the 
second roup; the other lots ranged from i;22 Ht. the loweat, to 
i)40 Of. the highest Burniward's meadows, considting of nine 
luls, ranged from £iH l&t. the lowest, to /33 1U«. the highest 
Fillteside old meadows, east bide of Burn, from No. 30 to ^i}, 
excluding four damaged lots reserved for the second roup, ranged 
from £:i^ .^. the lowest, lc£Wi^. the highest FiUieside old 
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meadowy wwt of Burn, comprising Ijoto 1 to S9, averaged rather 
more per acre Ihau tlitwe vnai of Bum. The Ftlleelde braes, the 
TTpper PilliMide and Lockulrand meadows, realised a greitt 
lutvsiice per acre ahove any of the others. This may be ottri- 
bateti to ita beiog better laud in nature^ and better formed, being 
all in pane and gutter, with n ^ood Cill, there was not a failing 
patch, the gnus waa splendid, ami ht to cut; several lota made 
ovurX'IO per acre, and the three portions averageil over £85 per 
acre. It vas a aubjoct of remark that althongh the roup was a 
month later than the year before, the grau had let ac from £i 
to £3 per acre more, ahowiog either a gradoaliy increaainc 

Sannlily, and coaacquout value per acre, or eUe an increaseil 
rniaud, requiring, if posnible, an inRri'anpd arpa tinder irrigation. 
The aecoud roup took place on the Iflth of May; but theeffecia 
of the frost were atill visible, and probably a great many of the 
lots would not r^ain their former vigour daring the hummer. 
To guard against a recurrence the time for cutting the graaa 
is limited, oy the conditions of sale, to the lOlh of October; 
and under no pretence whatever in it to exceed that time. 
Previously to the year 1860 the time for disoontinniog the cutting 
was 15Ui October, and then a few Jays of grace were allowed 
to the 20tb October, the very day on which the severe frost of 
1659 commenced. 

The lots rouped were fi7 in number and the price averaged a 
Utile over £-2b per acre, which, to the seller, la probably less 
than the year before, but to the parchaMrs more. 

ISS'i, fntm May ISth to October lOtli, equal 30 wetka 3 days. 

1869. from April ISCb to October 2inh, ei]ual 3(t waeks 4 dayR. 
£1 ii. 7|d. per acre per wevk— 20 weeks 2 dayii, equal £25. per aore. 
£1 it. 7\d. per acre per week — 26 wenki 4 days, equal £33 lit. 10|d. 

per sent. 

Probably mors than the avvrage of 1859. It will be observed 
that nearly all the lots rcaenred for the second roup were 
upon the heavy clay land, in the centre of the irriga- 
tions, showing clearly that clay soil in much more injarionsly 
affscted by severe frost, and later in the spring grviwtb than 
lighter soils, bat as the summer advances it prMlncca crofu 
equally heavy, if not more so. 

Wlii'u the branch of the North British (at that time the 
Dalkeith) Kailway was made, in the year 18J4, a jiry awarded 
that tite milway company should pay ^40 per Scutch acre, 
for the land taken in going through the Sea meadows, which they 
usessed at thirty-two years' purchase, ou an annual value of £20 
per acre, there was no severance, as the railway ran alongside the 
tnrnpikoroad the whole uf the way. 3*aking Hint an a data, and 
taking the anuunl value at £29 3#. 6jrf. per imperial acre, the 
19l)a. &r. 26ip. at the present time represents a value of 
;£U32 17«. 4d. per acre, or Xl77,807; and BAsuming again that 
the annoal valoe of the hmd before it was irrigated wan .£5 \vaT 
imperial acre (quite a high estimate for it altogether at 1 Imt time), 
would represent a value of £\W per acre, or X30,^G, which 
deductetl from tlic former leaves a balance as the increased value 
of the land hy irrigation of £147,361, aud that by an outlay of 
£2liOO; and it is somewhat remarkable that the milway company, 
retpiiriug aboat four Scotch acres at .£640 per acre, or £25QO, 
ftftiially paid for the whole of the irrigations. It apptsars that 
Mr. Miller, the proprietor of the meadows, would have given lite 
railway company the land they required upon condition of their 
carrying the railway along the outside by the sea, as the railway 
workd wuuUI have aheliered the meadows from theses, but this 
they refused, as they would have had to constnict a sea-wall 
about a mile in length; but it ia probable they would have made 
n better bargain by accepting the offer, as they had to jiay fur u 
heovy lawsuit as well as for the land. 

The Engine meadows are not nearly so productive ns the older 
meadows, For this there are various reasons. In the firat 
pUoe, they have been made only ten yenn, and have not, there- 
fore, hail time for the irrigatiun to develope ita effects, and the 
sewage having to be pum[ied by steam power the land probably 
does not get so much as it would if it ran over by gravitation; 
and the carrier having to run a long diatasoe nearly upon a 
level* cauHPs the heavier particles of the sewage lo mil before 
it reaches its destination; tlie sewage is therefore wcjikcr. And 
again, in forming the i^ruuud, due cara was not taken lo keep the 
bast soil at the surface. In the Fillieside aud the Bea meauows, 
where it was all sand, that precaution was not necessary. The 
■ame may be said of the Blackside meadows, which were all 
cUy; but in the Engine meadows^ where there was a good top 



soil with a gravelly hungry subftoil, the case is widely different. 
Another reason which operates seriously against the Kngin« 
meadows ia, thsy bad been shallow-drained with tiles, and in 
places, where the soil has been taken away, the wat«r geu 
into the drains before it has done mnoh good to the land. 
Kut another, and perhaps stronger reason than any, is that too 
much was attempted at once, as the land requires more watsr 
the first few years than it does after it has been weU dosed 
with it. Uad thirty acres have been taken instead of sixty, 
they would have Iteen brought into working order, and tiie 
other thiriy could then have b«on operatetl upon. 

Mr. Bnce has very judicionsty brokuu up twculy-fiTc acres of 
it, which will enable him to cultivate and enrich the weak porta 
where the soil was removed; and be can alternately lay down 
with Italian rye grass, which is more prnfitabl« fur two seasons 
than old meadows; while this ia going on he will be enabled 
tu do as mnch for the tlurty-6ve acres of meadow as he e<jnld 
before for the sixty acres, and when that is sufficiently enriched, 
he will be able to do the same for the remaining twenty-five 
acres. It takes some time to bring mMulows irrigated with 
town sewage up to their maximum production — they continue 
increasing in richness every year for a long time before they 
reach that point; for instance, the Sea meadows in 1650 only 
averageii abont .£17 per acre, whereas, in 1660, tbey realised 
.£27 13*. 6id. per^cre. 

The time occupied in going the entire round of the irrif^tion 
is about twenty-two days, this is repeated abont ten times in 
the course of the year, or aliout iOA days are occupied in 
irrigation; out of the twenty-two days it requires six days to 
irrigate the 35a. Or. 30 j p. of the Engine meailowa at present tioder 
irrigation, this being repeated ten times, take sixty days, or £W 
to irrigate the dSa. Or. 30jp., or £\ lit. Id. per acre, nearly seven 
times as much as the Old meadows coat by gravitation, a cir- 
cumstanoe ratherunfavoarable for employing steam power where 
it can be avoided, unless upon a large sc^alc. 

The rouping of the Ku^Ene toeadows did not take plaoe imtil 
the first week in .Tune, when the prices realised averaged a fraction 
over /16 per acre, which, allowing for the shortness of the time 
— from the beginning of June to the 10th of October, little more 
than four months, and that af^cr the first and most valuable part 
of the season was over — was not a bad price. 

Taking tlie Engine meadows at preaent under irrigation at 
3da. Or. nojp., and the price per acre ;£l6, the reanlta of the 
lotting will be as follows: — 
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Assuming the foregoing data to estimate the value of the 
irrigation ou the Enj^ne meadows, which (na the pari at the Lime 
in piuugh was to be mid down with Italian rycgrasatliat season) 
is put at the quantity formed fur iirigalion by the engine, 
— namely, 59a. 3r. Iti^p., which, at £16 per acre per annnm, 
represents a value uf ^512 per acre, or ^£30,604; and, taking 
again tlie value at ^0 per acre before irrigated, representa a voluti 
of .£160 per acre, or iC600, which, deducted from the former, 
leaves an Increased value by the irrigation of /2^,044^ amply 
BuQicient to justify an outlay of £20iHf. 

The resulu obtained by the application of town sewage to these 
meadows ia now brought to a close, and tIte facta aud statistics 
clearly show that the late Mr. Miller, the proprietor, realised (he 
sum of ^172,40A by an outlay of il4500 in putting under irriga- 
tion 260a. 2r. 2jp, of his land with a portion of the sewage of 
Edinburgh. It must be borne in mmil that upon thu irri^tad 
lands no buildings are ru(juirc<l, coniic<)uentJy no expenses arise 
from repaint, inauranccs, &c. It is aUo worthy of remark that 
no accuuut has been taken of the benefits coufered upon the 
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iTfible portion of the eaut« by the ftpplicntion of immense qnan- 
ittea of sediment mnnare coUect«d annaallj oat of the large 



of, 

K 



Arable 

tittea 

oarriers daring the winter. 

These meadows are situate immediately behind the locomotive 
and ookeingeetahlinhmeDtof theNorth British Hallway. Adjoining 
the vlllngo of Ucaialrig and the London road loa«iing into 
EdinbarKb: they oompriao about thirty acres. That part lyiue 
north of the sewage burn ia the propei'tyofthe EhH of Moray, aim 
forma a part of the Loehend (arm. The part on the south aide 
of the burn ta held under lease of Sir Jamea Montgomery^ by 
Mr. John Hn>wii, for a long t«rni, and io underlet with the other 
parts; and the piece behind ttie church ai K>fst.ilrig in part of the 
glebe land at Leith, nad is also let with, and forms a part 
ot what are called the Loeheud meadows, now in the occupation 
" Mr. SooiL 

The Old meadows were fonned by Mr. Raird, abont the year 
90, and were the tirat mea>lows brought nuder irrigation with 
the aewoge of iwlinburgh. The whole is irrigated by gravitation, 
and a large portion of it is pane-and -gutter, but it has not been 
iio sdentidcalty formtid as the CraiKintinny meadows; the ground 
lies more in its natnral shape. There are ennsiderahtc swells 
alK>ut it, and in some part-i the catchwatcr system is mtxe*! with 
the pane-and -gutter, and some of it is much too flat; it is alluvial 
aoilt aicaoet bl:ick, and snmetimes gets so rauk that it has been 
taken away, a spit deep, and Ui4e<l ha manure on the arable part 
of the farm. 

These meadows get the use of the water on its way to Crnt^n- 
tinny meadowH. U tv, therefore, stronger than when it reaches 
thorn — indeed, it has been a matter of enniplaiot that it wax too 
strung, and there were no means of diluting it, therefore it did 
not answer so well. Mr. Oliver, who occupied the men/lows 
•ome years since, made thin complaint, and Mr. Taylor still mnkes 
the wiue compbunt, but says it m better in that respect than 
it used to be, since Edinburgh has been more plentifully sup- 
plied with water. To remedy this, in a degree, a large ptt or 
(Auk was made, through which the sewage runs, and which 
dillMttt a large quantity of sediment, which is carted away to 
other parte of tbe farm. 

From the fact that the Lochond meadows having about the 
aaow flow of sewage as the Craigiotiuny, which are about eight 
times the area, it might be expected that they have attained a 
much higher state of fertility; hut, with ttie exceptimi of one 
piece, which is very aoand, with a good slope, and facing the 
•outhf such is not the case. It is round in practice that very 
liule baoefilr^f not positive injury — is derived by the application 
of more aewage than in apphed on tbo Craigintiuny meadows — 
oamely, about tiOOO eons per acre per annum. 

The f)«rt north of the sewage bum has a good aspeot, and lays 
mith a good £'lI1, and is, therefore, the beat part. It drains itself 
lokly, and ia very sound. A large carrier runs along the 
per side of this part to the extreme end; and a good stone road 
rons nlongnde the whole length of it, which serves all the lots. 
The opposite side of the stone road is cropped alternately with 
Italian rye gram two yearn, aud then early potntoe.*, after which 
it is sow u again with Italian rye grnaa. This piece, comprising 
^MKit ten acres, rises to a considerable eminence, aud is irrigated 
by means of a water wheel worked by Khv sewer water, which 
pumpa up a portion of the water after it has Tuu«e<l the wheel 
The pQiup ia of very simple oonsiroction, with four cjrlinders and 
two wooden levers, each end of which works one of the cylinders. 
The lovers are acted upon by a crank direct from the vrater 
wheal, and, having alternate action, keep np a continuous supply 
of water through a .Vin^:!) iron pipe, with hydrants every chain's 
length, until it reaches the top of the field. ITiere are trenches 
cat along tbo slope of the 6eU], upon a level from each of the 
hydrants, for the purpose of irrigation as well as ronping 
divisions. 

This piece of land is a looar, gravelly soil, with ft subsoil of 
aaod to a. great depth, which is in process of being carted away 
to Edinburgh for building pnrpogiw. Many of the carts sent for 
•and bring a load of mbbigh to shoot down, to make up the 
ground. The sand pit extendi across the whole piece. Thta 
Mild drinks np the water as fast as it ia applied, for which 
nttsoo gutta-percha ho9e is attached to the hydrants, as the 
water would not Oow half-way from one trench to the next. It 
ooaes out to the bottom of the sand pit perhaps SO feet below the 
waxbca. 



It was sown down with TtaliftQ rre grasa in 1S57, after a crop 
of early potatoes; and one crop taken off that autumn aold for 
£!> per acre. At the time of the author's visit, in lSi59, the 
end of May, the second crop was being cut. The prices realised 
at the roup were, 136 lOv. the lowest, to ;C38 10*. the highest, per 
aere. 

{To be eontiHved.) 
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ON CERTAIN MFTHODS OF TREATIXG CAST-IEON 

IN TUE FOUNDRY. 

By Zkeah Oolburk. 

Tbk short notice given me for the preparation of this paper. 
together with the fact of my almoet constant cngagemenu, must 
serve to excuse any apparent haste in the treatment of the sub- 
ject, aa well as the absence cf diagrams. I hod thought of 
writing upon iron founding, and to a certain extent I have done 
BO, but the term "iron faundinE" would hardly inclnde some 
things of which 1 shall now spoaK, and hence I nave choseD the 
title already oiinouuoed. 

Begining with the plant of the foundry, something may be said 
of the cupolas and of the blast apparatus, Tlie cupola furnace 
ill still much the same as described by John "Wilkinaoji, who 
patented it in 1792. His smelting farnnce (and smelling la from 
the Dutch word rmelten. Fignifying moiling only, and not neces- 
sarily the extraction of ores) waa, to use his own words, ''made 
very low, about 10 feet high, of ciiot-ir^n plates boiled together, 
aud lined with fire-brick." A strong blast was jntiwluced through 
one, two, or more toyoros. In 1820 one William Taylor patented 
the nse, in blast fomnces, of several tuyere hoiea, at varions 
heights and in different .sides of the furnace, for the odmissiou of 
the blast to insure its orjunl distribution. The same idea is, of 
course, equally applicable ^> cupola furnaces, to which it has been 
applied by Mr, Ireland, of Manchester, in his "upper tuyere" 
furnace. That there ia any real advantage in the upper tuyere 
furnaro is still denied by some of those who have ubm it, and it 
ia difficult to say wherefrom any substantial advantAge should 
result One of Mr. Ireland's cupolas, measuring -1 feet in diame- 
ter outside and S2 inches in diameter in the hearth or crucible, 
haa tliree tuyeres of 6 inches diameter, and about 20 inches above 
thesc,cightiuyeros 2j inches in diameter. A strong Llaitt haa much 
more inuuence than the subdivision or distribution of tlio blast, 
aud we know that in blast fum-ices enormous masses of ore, coke, 
and limestone, are penetrated by n blast of moderate pressure 
from but a few tuyeres arranged in a single row around the hearth 
In the United States n ntimber of cupolaa have been made of late 
years and uued with considerable suocesa, with an anuulur opening 
or port \ of an inch to S inches wide, around the whole inner 
circumference of the furnace, and with some of these furnaces 
with which I have had to do, their horizontal section was ellipti- 
cal, measuring 9 feet by 3} feet interually; and with a blast equal 
to lOj inches of water, or ^-Ib. per square inch, they brought 
down twelve tons of iron per hour. The full charge w.is 21 tons, 
which could always be brought down in two hours after turning 
on the blast, the annular tuyere or port being nearly 20 feet in 
length around the furnace, and 1^ inch wide, nlthoogh a large 
imrt of this great tuyere area of, say 2 square feety ia obatnicteid 
by the charge in the furnace itself. Had I had time to do so I 
should have lieen glad to bara prepared diagrams of these cnpolas 
from the working drawings iu my [loaseasion. The elliptical sec- 
tion of furnace was adopted many years ago in cupolas in some 
of the German iron foundries, and it was revived in Alger's 
blast furnace, of which a good deal was heard in England abont 
eight years ago. It cannot be asserted that it has any advantage, 
while it clearly has certain disadvanges in increased surfiice and 
coat of construction. The object sought in the elliptical furnace 
is tiiat of coutaining a large charge with but a moderate di-itance 
between the opp»site sides of the furnace, but here on increased 
pillar of blast will fully compensate for any increase of distance 
from the tuyere to the centre of the charge. 

I have always believed that a decided advantage would result, 
in the ca.He of copfila-i, by having the <lrop bottom in general nse 
ahroa^I; I doubt if there are a dozen cupolas in America with the 
irremovable bottom as adopted in English pracUce. The severe 
labour in raking ont the bottom of an ordinary cupola would be 
saved by the (Irop bottom, where the mere withdrawal of the 
boll sends whatever is in the furnace into a pit below. Hie 
American cupoUa are built upon a cast-liOD base ring, which Is 
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suppoiied upon three cast-iron oolomns, at a height of, say 2 feet 
above the fouudry floor. Tina bABO ring is ^'f the external illaniL*- 
ter of the cupula, any feet, and ila internal diitmeter is that of 
tba oircalar trap door, known aa the drop bottooi. The trap door 
will be, say 2 feet iu diauivter, 1^ inch thick, and having a cooiub- 
iiig 4 iDChtiS high carried aroaud its up^ier edge to receive a 

Kving of fire-clay or a round fire-clay tile to support the charge, 
my own practice I have hinged this door by a li-tnch hing" 
bolt, S8 inches loug, with a stout bead at one end and a cotter in 
the other, the luga or eara in the door and in the baae ring ver« 
each 4 inches long, and of good thickness. The door wa8 held up 
by a draw bolt, juissiug throueh staples of great strength in the 
base riug, the bolt being of 3 inches bv I^ incli iron. It in often 
aniil, "what if such a trap door sh'mid give way, with from tlirec 
tunH to ten Lous of in)n in the cupola ?" Sach acoideuts never 
happen, nor would they be attendeil with any great danger if 
they did bnppeu. The true might be lotit, but that would be the 
vorat of it. To shut the trap door a stout wrought-irou slalk 
desceDds from ita centre for 18 inches, a heavy ball being ^xed 
npon the end of this staple. A chain is atlaclied to this ball, 
and the drop or trap can b« thus easily moved by hand when the 
draw-bolt is out. 

After the cupola an improvement it desirable in the blast ap- 
paratus. The rotary fan i& in almost nnivorsal use in foundrit^s. 
In oi-der to obtain a pressure of 20 inches or 24 inches of water, 
with three square feet of tuyere o[wiiin;;, a ft-feet Lloyd's fan in 
usually driven at from 1500 to l«t»0 rcvolutiona pi-r mluuie, the 
tij» uf the vaiic-s moving, aay at tlie rate of nearly three miles 
per minute. From fifteen to eighteen hoi-se-power are required, 
aod with an old-f^hioued fan much mure. Besidea the power 
there is to he considered thu wear aud t^ar of straps running at 
a high velocity. For considerable presaurea of blast, to which 
foundry practice is bending, the direct compression of the air by 
ft piston is more connoniical than the faa blast. For a blaat fur- 
nace, of course, no form of fan would be practicable at even a 
proHsuro of 2^ lb, per square inch, still less at G lb. to 6 lb., as 
w occasionally eiuployed. I have seen a steam blowing engine 
used with L*]Lcellent results in a Urge foundry where theuir cylin- 
der was in a liue with a steam cylinder, both the steam aud the 
air piatons beiug fixed t<j the same rod, while a pair of connect- 
iug rods worked a lly-whecl to curry llie engine orar the centies. 
The same chua of blowing engines, working at an air pressure oj 
from IJSlb. to 20 U>. per »c|uan3 inch, is now employed by Mr. 
Bessemer in blowing air into his cauverters. For inure moderate 
presaores, however, a rotating apparatus is preferable. In gas- 
works, where the Jitference of pressure in the retort and in the 
purifyers is, perhaps I lb. per square inch, it is usual, in the Lou- 
don works at k-a«t, to employ Beale's exhansiers. Nu gas eugi- 
ueer would think of employing a fan for exiiauatiug, Mr. BeaJe's 
ezhausler is constructed somewhat upon the principle of a ratary 
immp, patented by the late Mr. Siebe, a father of the present 
Mr. £>auiel Siebe, in 18*28. This pump has been reproduced in 
the dLites as Cary's pump, ami it was the water-pump adopted 
in the American ateam fire-engine exhibited in the Interriatiunal 
Exhibition of ISG'2. An almost identical machine, for pumping 
air instead of watttr, is now in extensive use in American iron 
foundries, under the name of M'Kenzie's blower. Many of my 
frieiidit who have used these blowers prefer thorn to fami, us 
taking le»8 power, while they are of course capable of working at 
any pressure of blast required. One of those blowers, now at 
work in a locomoiive factory of which 1 was engineer iu 1804, is 
SC inches iu diameter, 3 ft. G to. long, aud ata speed uf 100 revo- 
lutions [rcr minute, blnws against a prssaure of 21 inches of water 
iu supplying a large copnla. The power required is found to he 
muoh leas than that cunsiimed by a fan, especially at high pres- 
aores, while the wear of straps is very madei-ate, the lineal rate 
of the driving strap being now about 300 fe«t instead of 80m»- 
tliiug like half a mile a minute, as with a fau. 

1 shall devote the fn ther portion of the pnwent paper to the 
cooaideration of — I. Means for iucreasing the Ktrength and hard- 
ness of castings. 2. Mtiaus for insuring uniform cooling in cast- 
ings aftur pouring. 3. The treatment for malleable castings. 
4. Chilling. 

At one time, when cast-iron was eroploye<I for boilers, shifting, 
largeordiiaucv, and bridges, its strength was of great comte<iuuuue. 
It has now become usual to cm()loy wrought-iron or steel for the 
application just named, and, iuilee'.l, ivherever great absolute 
strength is re<iuir<*d. Even engine beams, siuc-o the lamentable 
failure at ITariley, are beiug mude of wrouyhi-iivn. So the im- 



portance of great atreogtb in castings has, no doubt, been tesseo«d| 
and for most purposes it has been found cheaper to employ &J 
soiuewlmt larger quantity of ordinary iron thau to pay & higher] 
price and incur the delay often attending the search for a d[iii«riur 
quality. For many purposes, indeed, as in engiueen* looia, a 
libcrnt allowance of metal ia requisite to secure stiffness; a kind 
of stiiTmaui belter provided in such case* by inertia, or mere d«wl 
Wfight, than by the abeolote resistance of the metal per squarvj 
Inch. Yet thero are still purposea, as in the case of railway chaini,] 
waier pijies, columns, &c., without mentiuuiog Lydraultc prea*. 
cylinders aud steam cylinders, where great suength in cast-irou 
is of much importance; aud oast-irou ia still the material pntici- 
pally employed in America for canuon of 13-inch, 15 iuch, and, 
in recunt iustanoea, eveo 2Unnch calibre. Tbiti is not the cast-^ 
iron however, of which guns have lon^ been made in England, , 
and were it not indeed greatly superior to our own, it woidd 
never withstand the proof and service vhargus which the heavy i 
ordnance in i^uention m known to bear. The report of ihcehief j 
of ordnance m the United States navy gives the service of one 
of the l.Viuch cast-iron guua-aa follows;— It was firod &00 rounds 
with a 440-lb. solid shot. The charge of powder, at first 35 lb., 
was suoeessively iucreased to 50 lb., 60 lb., aud 70 lb. With 
GO-Ib. charged 220 rooDdi were fired, aud the gun only burst with a, 
70-lb. charge and •i40-lb. shot at the end of aoo rounds. It is 
doubtful if even as good results have been, or will tie, attained 
bv the most carefully made wrought-iron guns of theaanie odibre. 
Lpwards of JOO of thoiw; lA-incli guns are now in service. Be- 
fore going on with the consideration of how such great strength 
iu cast-iruu ia attained, it may be as well to uive the following 
uotea of the 2U-inch cuat-iron guua, of which a aumlier have 
already been nmde. They weigh fllj tons each, and the first of 
these guus waa thirteen days in oooling. They are 20 ft. 3| in, 
long over all, and V (t. 6 in. long m the bore. Their greatest, 
dmmcter ia 5 a. 4 in. They are fired with UtO lb. charges ot pow- 
der, aud a solid shot weighing 1000 lb. 

1 aludl say nothiug of the selection of particular brands of iron, 
nor uf the great importance of proper mixing in the cupola, for 
I couiJ only a.iy, what evei7 qualifie^l founder well knows, that 
upoQ these a gruat deal depends. I could give no directions belter 
than those upou which founders now act, each having to ehooae 
and mix Uiq iroua which he has found best for his own pnrpOMa 
iu his own district, fiir it ia always Importaut to him not to MDd-| 
further than is necessary for his pigs. Bui there are niodaa of 
iucreaaiug the strength of a large number, if not all, of the iron* 
kuown ti) commerce, aud although there ia still much donbt as 
to the rehitions boiwuen the chemical constitution and the strength 
of iron, it is certain that all the kuown mudea of strengthening 
cast-iron itre modes whereby its proportion of nucomlnned car- 
buu and of siiicium is kuowu to be diminished. If we puddia 
cast-iron up to a certain extent, and stop at the right point, we 
have .'toel of very great stieugth, and if we carry the puddling 
far enough wo have wrought-iron. So if we melt caat-imn wiih 
wrought-iron, aa iu making what is called Stirling's tougheneti 
metal, we Itssen the rcktive proportions of tlte impurities to the 
iruu aa coulaiued in the pig, and if we do not get a remarkably 
tough metal, we, at any rate, produce one of giuat harduesa, ao^ 
some of our locomotive makers employ such a mixture purposely 
to obUiin hardness in their steam cylindetv. So also, by oxidizing 
cast-irou at a high heat, aa in the treatment for malleable iroa 
castings, we gain undoubted strength and tuughneaa. Herv too, 
the carbon and siiicium of the iron are lessened iu quantity, and 
so it may be apprehended that they are by the American practiott 
of re-melting all the ii-on employed for cannon aud keeping it for 
some time ia fusion. This pmctice at one time went so far aa 
- threo aud even four re-meltings, the iron being kept in the fluid 
state for three hours at each melting. In this way the tensile 
strength of iron, ranging from S tons to 6j tons in the pig, has 
become d tons at the tirst casting, and niter remaining in the 
melted state for two hours, la tons at the second ciujting, and 15^ 
tons per sqUHi-e inch at the third casting, the perio<l of fusion ai 
each melting being from uuu to three hours. The final stren;{liis 
thu8 reached are very great iu one case, rcporl«d by Major Wade; 
of the United States Ordnance Board, a tensile strength of 2i)^ 
tons |>er square inch of cast-iron having been obtaiued. The 
American ton ia generally 2000 lb., but the strengths I have quoted 
are iu tons of 2240 lb. These greiit tvusile strengths do not 
apiMiar however to give a tough meul, using lhn term tough to 
exprfsa the product of the cohesion and eiiensihility of the iron, 
li was found that, in employing iron having an average tensile 
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rtrenglli at 3H,O0O lb., or 17 tooa per Munre inch for S-ioch gUD8. 
they buret at the 70tb or BUth fire, while lU-incb gUDs made from 
iron baviDg a AtreDgtli of 37,000 lb. per square iuch, burst at the 
fiOth round. This was known in 18^1, ana in the following yoar, 
at the Tredr^ar Iroaworka at Richmond, Virginia, where I was 
tb«u engaged, and which waa one of the letiding foundries for 
»uj>pl}iug cannon to the United States Govornment, a return waa 
maac to iron of a alreugth of 30,000 lb., which having mure 
elasticity, as it was then thought, t^nve a rwllj 8trou<;er gun. It 
hA4 Biiice been ascertained ihuL the refil fnuli with the Btronger 
iron wan that it contmcted luove in cooling, and as iunufficient 
proritiuu wa« made for eqnal contntctiou throughout the wistiug, 
Ifao gnus of fltrong itniu wore thiin umler great initial ntrain from 
ibeir ovn ithrinkage. ThiH very airon^ ^uu iron cotitrauid ^eue> 
rally thivA-atxtceuths of uu inch per foot iu casting. Tlie driving 
wheuU of American locomotive.-* are of caat-iron, and when in 
1801, to Becure greater strength a«{aii]8b breakage, gun iron of a 
slrontj quality wu experimeulally used, it was found that the 
whecU broke worse than ever, as they were strained to a great 
eitent by their nwnsliriukage before thoy came out of the foundry. 
This gnu iron ia simply Uie better claBseii of iron mixed aud 
melted m an air furiiai-*, the cupula never beiug U8e*3 for gvin«, 
lu indwd it never otight to be usel for any ca.iiiugH intended to 
have great strength, on accunnt of the over-heating of portions 
of the metal andtbo direct action of whatever sulphur rany be 
ooniained in the coke, in the Hes^emer process, where the e\- 
dudion of snlphur is so important, the pig metal ia for this reason 
melted in a reverbemtory furnace, or air furnace, as it is some- 
timea called. 

Now, as all the processes whereby cast-iron is strengthened 
BR processes whereby iis proportion of contaluad carbon anil 
Btltclnni is diminiHlied, some quicker and much cheaper mode of 
«1fecLiog this object is rei^uired than that hy re-melliog or by 
putial puddling. Thi<* quicker and cheaper mode wouhi be had 
by a partial applioalion of Mr. Besaemei-'s ireniuient, that is by 
blowing air through the iron for perhaps three or lour or five 
minut^^ instead of twenty. But, it will be asked, if yon aru to 
bare the Beascmer apparatus nt all, why not convert the iron ut 
oooe into steel ] There are several reasoiin why we should not. 
To make steel, a mnch higher quality of iron, and g(;nentlly liin 
addition of spieceleiseu, in ntr(ro»»try. As ulcel the metal cannot 
be run into gooda, but only into an ingot, which iTquires very 
heavy hammers to forge it, as well an machine tools of unusuiO 
strength to fintsh it after fni'gint^; the wear of the couverter and 
other plant would be much greater for st^l than for toughened 
irod. The wasto of metal before the finished article, whatever 
it might be, could be produce*!, would be greater for steel than cnst- 
irun. I bare recommended this partial applicatinu of the Bessemer 
prooees, and 1 believe that when more attention comes to be 

fiven to strength iu castings, this treatment will be adopted, 
lie apparatus for carrying it out would be exceedingly simple, 
aud would b« worked with but little trouble, a blast being derivnl 
from the rotary blower already described. 

But iihaolate strenirth iu tlie in>n uf lar^jc caatings is of Uttlo 
enn^vpience nuless they coo], after pouring, in such a manner as 
not tu loiivp Oi'^m subject to a>nsi<lemble internal strains. We 
know that the late ProfeMjtor HodgkiiiRou touud that with the 
iron be experimented upon the compressive strength was six 
limes thar in tvoslon, and hence that the bottom fiange of a cast- 
lion ginler should have six times the sectional area of the top 
flange. But very few, if any <-ngiiieers a<lopt such a proportion, 
tiM the casiiiik,' would, in all [>r<>bability, crack in cooling. Most 
«*t my audience have seen the cast-iron bridge over which the 
ijood'ou and North -Wctitern Ibulway crosses the Begent's Canal. 
The first girders for this bridge were cast at the Tinsley J'ark 
Works. The iron made thare waa very hard; and I have bevu 
told by my frieinl, Mr. Shanks, who was engnged there at the 
time, that it would chill to a depth of ^ inches. U was tiscd. amonji 
other things, for making mllers to rcll nteel. The KegentVcanal 
bridge drawing was sent down there, ami tliey mK4te the [latteniM 
l^udfiuttheginlers. They broke through and through in cootin^i;. 
Then they altered the patterns; and by pulling otf the sand from 
the thicker portions of the castings, so as to oqaalise the cooling, 
a number were cast with the luesof one out of every rix. Atlast, 
sijt were sent up to I.ondon: and of these every one bmlte in a 
thunder storm. Ollurr girders were then cast of diiTerent form. 
Castings, overstrained in cooling, are apt to break under even a 
moderate degree of vibration; anil the late Mr. Kaatriclc, once of 
the Bridgenorth Foundry, aud uflerwoiiiseugtueer-iu-cliivfol the 



London and Brighton Bailway, once stated iu evidence how a 
number of cast-iron boilers he had made cracked open after a peal 
of thunder. 

I have seen, and so, no donht, have many others, a railway 
wheel cast in a chill, and which, on being taken from the mould 
immediately after pouring, broke in two witiiin a quarter of an 
hour. And, if the experiment wei-e nioile, there is not the least 
doubt that a heavy gun, pulled out of the sand as soon as tlie 
metal had set, and then nsished, would burst at the first round. 
The outside would cool first, compreasiug the liquid iron witliin, 
This, cooling afterwards, would pull away from the iron already 
set around it — or, if it did not actiudly seporato, the atpiiu of 
ooulraciion would be such that the gun would be rea«ly to crack 
as soon aait waa violently disturbed. An ununnealed glass tumbler 
is as good a comparison as any. The old-faahiuncd pLiytliinga, 
Prince Bnpert'a iiropa, illuatrato the name effect of internal tttrnin 
duetouDequalcoolin)^,glaa!t being particularly brillJeiu this respect, 
in consequence of its low conducting p^rwer, aud trom its having 
no ductility when cold. 

To make a casting cf gi-eat strength it is necessary that all [larta 
oool alike or nearly »o. In the case of guns cast, solid the 
core bored ontis often found honeycomlvd by retarded cooling; and 
the metal forming the iurtatje of the bore can be proved to bo 
under considerable initial strain In LMnitequeuoe. Of oourite gnus 
were cast hollow many years ago; but not until IH47 was H 
proposed to cool the core, after ciatiug, by means of water cir- 
culating in pipes within it. Captain Kodman, in tbac year, 
patented the mo<Ie bv which all the larger American guns have 
been casL Within ttie cnre are two water pi(<e8, one inside the 
other, and like tbosu in Mr. Fit-Id's boiler, known to so many iu 
this society. Water fiova down the inner pii«, which is o]k'U at 
both ends, and rises thi-ongh the outer pijie, which is clomd at 
the bottom. A perfect i:ircu1ation of water is thus socured. In 
casting one of the i!0-inch guns, February 1 Itb, lt>64, water was 
thus run t)ir<iugli the core for twenty-sii hours, at the nite of thirty 
American gallons per minute for the first hour, and sixty gullons 
t>er minui*' for each subsieqvieiit hour, e(|ual to 3<11 tons of water 
m all. Tbe iron waacun»i*Jeivdof u^ohartl a quality to bo further 
OHiltfd by WHtcr, aud for the uexi twelve days air was forced down 
the l»ore of llie gun at the rate of tUntO cubic feet |>er minute. 
During the first hour after casting the water Sowing in at 30" 
cameoutat 92**. During the second hour, with twice the quantity 
of water flowing through, it came out at 01^ In other cases, in 
casting 10-inch guns, as mnch as 7iK> tons of water have been rou 
through the core, the water-cooling occupying four days, or 
nearly 100 hours. In some of these cases, a fire was made at the 
bottom of the gun-pit, aud uootiniied for sixty hours, the outer 
iron casing of the gun mould being kept at nearly a red heat for 
the whole time. It is by tbes*! nteaus that ali parts of tho gun 
are cooled alike, or nearly so, and, with iron of a tensile strength 
of, say 13 tons per square inch, that such great onduranoc has been 
attained iu firing. 

Nearly all the railway wheels in nse oo tbe American lines are 
nf cast-iron, chilled on the periphery, It is uot merely th:it these 
wheels are cheap, but they are preferred to the wrought-iroti 
wheels as used on Kugliah railways. I am cot now speaking of 
the engine driving wheels, bntof the carnage and waggon whels, 
of from 2 ft. 6 in. to 3 ft. in diameter, although the size is very 
seldom greater than S (t. 9 in. The cusviruu wheels run nutU 
they are worn out, and they wear for a long time; whereas the 
wroDght-irou wheeis requiiv frequent turning, and still wureei 
their flanges soon become worn so thin as to become uussfc, a 
fact due, [wrhaps, to the inferior condition of the American liuea. 
It waa, however, a long time before the American founders could 
produce chilled whecU which should be safe nuder all cii'Ciim- 
stances; aud when it is remembered thai they are now employed 
na the kading wbeela of the heaviest exnreHB engines working on 
lines, of which, what we Rhoohl call the balliut, is sometimes 
frozen as hard as a rock for two or three months in the year, and 
in a clmiate whers the mercury is occasionally from 10' to iO^ 
below zero, or 40'^ to oO^ of frust, .ind when it is added that these 
wheels do not break oficuer than wroughtiron wheels on the 
best English lines, it must be ndded th^t they areas safeaa anrthing 
can be. In this I am speaking from my own knowledge, extending 
over a period of ten ytNirs, during the whole of which time I was 
diisely uonnected with the le&iliug American locomotive factories 
and lines of railway. The founders had to obtain not merely 
Strang iron, ib respect of tensile strength, but an iron of consider- 
able toughness, and besides, an iron that would chill well. As a 
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raUf nMb iroo ia onljr oMaiiwd by e&nfol mixing; uA it itiiut be 
•ooi^l Vf long kod oMtly oxperimetit. I do not doobt that iron 
for exoelfeot chilled vbeeU, if tbey were erer reqairvd, mifjbt be 
feaDd in £a>;t&tjd; but I woold oot mn the risk of snjio^ whnt 
mtxtoTM woold prodaoe it, although I sbouM ■&; BImOavoo cold 
btut and the Fur«st of Deu irona wouUl enter into inch a mii- 
tar% with a little iroti like that made at Tittiley Park for b&nlen- 
tng. The chief difficnltj with the Aniericao foauden was that 
preaeoted bj the noeqaal coDtractiun of the wheels in cooling. 
At 6rft the wheels were made with spoket, hot aa the rim was 
r)utckl7 cooled in the chill, thai compresaing the still floid iron 
in the Qftve, which subseqaeutly oootracted away from the n'ra, 
H was Bsonsarr to divide the nave radially into two or more por- 
tioos, and to afterwards fill the opentnga tlius made id the nave 
with lead and antimony, a pair of stout wroogbt-iroo rin^ beiog 
ahraak over the ends of the nave, to oompresa it properly upon 
iheaxla. Bat it happens in the case of spoke wheels cast ia a 
efaill that, from the greater quanUty of iron at the ends of the 
spokea, th? chill ia aofteat there, so that the tread of the wheel 
wears into aa maoT flat spots as there are spokeit. This is ooe of 
several maons why the dine form i< to be jireferred for chilled 
wheels, bnt there was the difficulty of provi^lins against their un- 
equal cooling. The disc being whole or audiviclVd, the nave had 
to be left whole also; and so, unleea tbe disc could yield laterally 
doriog cooling, or unleat the whole wheel wu oouled uoifonnly* 
a great strain would reeult in the disc and rim. So the discs 
were dished, or curved in croaa section; iodeol, the variety of 
fionn to be found iu the earlier chilled wheels of the disc pnttem 
waa something remarkable. Ai Uat, one of the lendiug fouadrni, 
Mr. Whitney, deiermioed to try the efftci of eqaal cooling. He 
east hia wheels auHd, as the others hml done, but with a single 
and perfectly flat disc, sti0eoed by atrftipht or radial riba at the 
back, bnch a wheel, palled oat of the fiask when red-hot, nod 
thrown out to cool io the open air, would crack opeu in a few 
DiDDtes. Mr. Whitney, however, look bis wheels from the flasks 
aaeoon as the iron hnd)Hit,aod lowennl ibematouoe by machinery 
into adeep pit maile in Irrickwork, aud which had previously beeu 
heated as bot aa the wheel itself. The pit being filled with wheels 
placed one over tbe other, and separated by iron rings, was closed 
air-tight, nud left with ita contents to cool. The ootiling occupies 
three daya; and it in thprufiire su much sluwer thiiu the prugrea- 
aive con^DctioD of the heat from one part of the wheel to another, 
tliat all parts mnst oool absuluiely aliVe. Tbe result is that the 
wheels thus annealed may be an nearly cut open, by a turning 
tool in a lathe, aa to leave but a thin film of iron connecting the 
boss and the ritn, and yet, until struck with ahMnmer, the nearly 
separated portiuus do not come apart. The chill appears to lake 
place at tbe uionjent when the meltml iron meets the iron mould; 
and the heat of the annealing kilns doe^ not affect the hardness of 
(be chili in tbe least degree. Mr. Whitney's wheel factory in 
Philadelphia is tbe largest and best fitted iu America; and his 
wheels, Tuaile aud cooled as just described, are in ose throughout 
the Stales; and are preferred to at) nLhers, even to the best English 
made wronght-iron wheela, a number uf which, by the Lowmoor 
Company, were put in use oo the Hudson River Railroad io 1851, 
where the flanges of the tyres so<>d oame to be cut so thin nnder 
tbe eonatant wriggling of the boffiea or trnek frames, that they 
had to be souu repUced with chilled wheels. Although we are 
ooDsidfring the improvement of castings geDernlly, I have dwelt 
at some length upon these wheels, because, from their severe ser* 
Tioe and the improvements made o)h>u them, they ilLuiitrate in a 
convincing u)anner, the importance of equal couling. I wiwh it 
to be quite understooil that I refer to chilled wheclti only aa au 
illoatraiion, sod however well they answer their purpose iu 
America, I am not recnmmeoding their adoption here. But I am 
certainly of opinion that, in the a\se of many caHtingti, etipociiilly 
those of Irregular funn and those of great size, their strength 
would be doubled were they properly cooled; and it is more from 
the want of precautions in conhog than from any inherent un- 
trustwurlhiuess in cast-iroD itself, that it has oome to be regjirdud 
with doubt for purposes requiring great strength. 

Tbe next point to be considered is the treatment for making 
eastings malleable. I should have said nothing of this were It 
not that, although exceedingly simiJe, it is but very little under- 
stood, for it is a very ooramou notion that many and curious 
"ohemiciUs" are required, and that there is much mystery in the 
process. M^tkiug iron cnatingi mallenble was indeed, among the 
lost aria, and old re<rord<t hIiow (hut it was lost and rediscovered 
more tlion once. The French philosopher Beaaniort who wrote 



npon it 140 yean ago, ohasfred that it was then practised aa a 
great mystery in Paris. At last chemistry came to the aid of the 
metal worker, and he learned that what be bad so long called 
Rulpbur in the iron — and sulphur was once a name applied to 
many dobetaoces — was really carbon, the same as charooat or 
diamond. And chemistry showed bow oarbon would always 
forsake iron far oxygen, and that oist-iron, treated with oxygeOpJ 
was made malleable, as it always is, whetlier In the old refiner 
fire, in puddling La pig boiling with forge scales and refiner; 
cinder, in the Beawmer process, and in stUI other modes oC 
treatment. In 1804, Samuel Lucas, of Sheffield, turned tliii 
knowledge practically to aoooinit. He took out his patent, too^l 
and described his improTement very cleverly; and, loputiliutfae' 
fewest wp^h^ it was nothing more than the present process of 
making eastings malleable by roasting them, at a high heat, for 
from 7:^ to 120 hours in powdered hematite irDn,oie,or in anj 
metallic oxide. Tbe oxygen of tbe ore unites with the airbon ia 
the iron casting, whid), being thus left without carbon, becomesi 
malleable — malleable, indeed, to a remarkable degree. It ia 
commonly said that castings intended to be malleableised should 
be from very hanl, brittle iron. It is not exactly ItecnuMe n 
casting is brittle that it is of the best sort for the miUleable iroiij 
treatment, but brittle castings coutaiu less carbon than those from] 
grey iron, and so tlie malleable procees does oot have to be so J 
long eontiuued to got rid of itv To thoss'wboare oot accostomeil I 
to consider all forms of iron and steel as combinations merely otl 
iron and carbon in different proportions, there ia aometbiog »! 
little paradoxical in the fact that a grey iron containing much] 
carbon in tooah; a white iron, containing less carbon, is brittle; ] 
steel, containing still less carbon, ia also brittle; while wrought- 
iroG, containing bnt little carbon, is very tough. Kven to a 
chemist these fiicta are not easy to be explaineil; nor shall I 
examine them further here, it being sufficient merely to have 
shown why a white and brittle cast-iron, snch as some of the 
(Jlverston iron of which clock bells are made, ia the best for the , 
malleable iron process, because it contains less caxboD than a gre/J 
iron. The castings mnst be packed perfectly air-tight in layers I 
of powdered ore, and shut op in cast-iron boxee/ of which the ' 
joints should be luted. The natnral ore used for purifying gas at 
the various stations of the Chartered gas works would, no duubt, 
anfiwer very well for mnllejihle caatinga. although it cannot be 
Aaiil whether Mr. Iliirnoxide woolddo aswell. The goods should 
be heated verv gradoally, twenty-four hours being ocupied in 
getting up, and twenty-four bourn more in letting doirn the heat, 
besides the two or three days at full heat Tbe heat should be 
very even over all parts of the goods, and while the full beat is on 
it should be kept constant by careful 6ring and attention to the 
draught. Tlie iron ore may poasibly fuse upon the surface of the 
casting, thus covering it with lumps or warts; but this is tb« 
result of too high a heat, or of access of air. Oxide of zinc, which 
ia abundant in some parts of America— as near New York— ia 
preferable to iron ore, but those who canuot obtain the former can 
get nn very well with the latter. The agricultural implt^nieut 
m.iker8 have turned the properties of malleable caat-irou to good ' 
account for the tiass of their cultivators. At the large works of' 
the Messrs. Howard, of Bedford, unusually large pieces are made 
malleable by roasting in hematite ore. MoHaffie's malleable 
eastings made io Glasgow — ami fur which it ia generally supposed 
that there is a patent, although I believe there is none — are no 
doubt made in mucli the manner described, as also, oo 
doubt, are Crowley's of Sheffield, although difierent makers 
add various chemical substances, which may act in the same 
maaaer as the iron ore, and thus, to a certain extent, replace it, 
although it is doubtful if they greatly promote its real action. 
Wherever a shape can be easily made in wrought-iron, thia ia 
prnbubly cheaf^er than a malleable casting, nnd it is doubtful, 
therefore, whether the latter will ever be extensively used. It 
niKy be a<lded that the tensile atreugth of malleable castings 
varies accoi-diug to their size, and the depth to which the decar- 
burisation extends. If they were fireed of their carbon all the 
way through, they would l» converted into wrought-irou, or, eav 
".honioffeneous metal," as the softest kind of steel nas been called. 
So much of the canting, however, as is not decarbonised by the 
malleable iron treatment, remains cast-iron, and has only the 
strength of cast-iron. The effect of the pruceas is generally visible 
for only a small depth below the surface, bnt small malleable iron 
castings have borne a tensile litrain of 50,000 lb. per square 
inch. 
Ou the last point named in tbe earlier portion of this papers— 
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th« prodoctioo of chillod eastiogs — there n not very much to be 

said. U is for the founder to ascertain, from bia practice and 

' from snch ez)>eriroent& as he is io the ^at position to mako, 

i -wKich irons will chill and which will not. Of those that will 

' chill, tl is important, if the chilled casting hare to be put under 

' ffreat strain, that the chill ba well blended with the anfier iron, 

Fnsteiui of there b«ing a distinct line of dumarcatioa. It may be 

that the best application for chilled castings will be that for 

chilled shot, which, at far loia cost, come nearest to 8t«el. To 

cut ahot io chills, with the best results, it may be fonnd best to 

I subject the iron, ju^t after pouring, to n considerable steam 

I preesare. By simple mechanical arrangemaDtA easily devised, a 

[ luessare of 100 lb. of steam per square inch, eaual to a column of 

[&0D upwards of 30 feet higo, could be turned instanily upon a 

I fiMting just poured into a chill mould. Tlic eflitct would be to 

[•eoore greater density and unift>rniily in the casting, and to render 

it stronger for its pur^Kisc. It is well known that "heftd," or a 

high ri<iiDg column of metal over the mould, is an important 

matter in making strong castiuijs, and that, in some caaoa, aa in 

eksting sugar-mill rnlLi, Lhix liHad or "gate" of metal is well 

churned by manual labour. Thcro can i>e no doubt that steam 

preasure would answer the purpj^se still better, nor that the best 

mode of applying this prepare might he«iwily deterraiued. 

The very cheapest applications of iron are in its oouditiou of 

<mst-iroQ. For B(»me purposes, ns for heavy onlnfince, ic is 

quMtionable whether casiL-lron is not really equal to wrought-irou 

and steel. It is certain that couiparadvely little has been done in 

; ibia country to improve the strength of large castings, and that, 

liu eome caaes, wrought-irnn has been ndnptecl, withnut Dufficiont 

Iftttempt^ to meet the requirement with a much chen|wr and 

^ more aflaptablo material. It cannot l>c argued that, in arched 

bridges, like some of those now erected and in cnnrse of erection 

over the ThameH, wmught-imn ix equal to caHt-trnn in its resist' 

Lftuee to compression, lit is probable that absolutely better and 

[cheaper structures oould be put up iu ciist-irun. It is to be hoped 

I that the cnreleas practices which formerly prevailed of casting 

' large pieces on the foundry floor, and of paying little attention tu 

uuiform cooling, have not permanently deprived us of one of 

the beat applications of one of the most iatportaut materials of 

oonatniclioD. 



CREEDS AND TEMPLES : THEIR RELATION TO ONE 

ANOTHEfi, IN PAST AND PRESENT TIMES. 

By H. H. Statham, Jun. 

Iir ooastderine some of the reUtions between different religions 

i«reada and the Duildings to which they gave rise, I An not of 

Ittrana mean to go iuto a detailed history of temples and ritiuils. 

iBut it may be worth while to takt a glance, successively, at the 

IsvUgion* which have left the most remarkable architectural 

llnonnments of their existeuoa (comiidering them, of course, from 

la purely speculative, not from a theological poiut of viewj, and 

'to observe how the requirements or spirit of the religion were 

repneented in the plan or style of the building; not merely for 

the interest of the subject, but in order aUo to obtain standing 

fCrouud from whence to view our own p/jsitiou, and to consider 

what arc the legitimate demands of Christiaa worship ujkiu 

architecture iu the preseotcentury. 

Modem ethnologista, it is well known, have divided mankind 
tinto three great fomilies, generally kucwn as the Aryan or Indo- 
IGcmiaDic, the Semitic, and tbo Turanian or Tartar races, emerg- 
liDg succeasively from the same quarter of the globe, the region 
Imbout the Euphrates, and the aortb-weat of India; the Tunmiaos 
' being the earliest developed, the Aryans the latest and most 
iiitellectujd; and iu early historic times each of these rnoes had 
. iu own peculiar cIbsd of religiuus belief, the influence of which 
ay be traced even to the present lUy. What may be called the 
^istio faith, recognising the existence of an omniprf»ent yet 
nonal deiiy, was the i>ecnUar property of the Semitic race, re- 
lented by the .lewa, ami in Utpr times by the Arnbians. The 
J>rimitivM Aryans, the earliest representatives of whom are the 
l^oeient Perviaus or Magi, were the high priests of Pantheism, or 
ttbe worship of external nature; while among the ancient 
t£m»tiftnB, the earliest Turanian people we are acquainted with, 
ry find ounelvea in the midst of the wildest and most fanciful 
pPolytheiBm. And here wo at once notice a remarkable fact, of 
vhicb W9 £Qd additional evidence iu later times, that it is to 



the varioas forms of Polytheism that we are indebted for the 
grandest and moAt impreanive Mcred buildings. The Jews, as 
we know, were not required by their religion to erect more than 
one temple; and even that, though richly adorned, was always too 
small in dimensions to be taken into any account by the side of 
such piles as Kamac and Luxor, Cologne and Amiens; while to 
the early Persians, boKling a faith in which the elementa wer<^ 
the ministent, and the sun the chief object of worship, a temple 
could only have been an incumbrauoc. The extraordinary ooutrast 
between the Aryan and Turanian races in these points, is very 
well put before us in the words of an eraioeat ethnnlogist^ Dr. 
Pritcnard. who i-emarka that "the metaphysical belief and re- 
ligiooa Bontiments and prnctioea of tbo two nations were cquallj 
diverse; the one wloriog an invisible and eternal spirit, at whose 
word the nniverse started into existcuce, aixl the maraiug star* 
saog together; the other," the Turanian, "adoruiug splendid 
temples with ctmtly nmgnificcocc, In which, with myateriou* 
aud grotesque rites, they paid a strange and portentous worship 
to seme foul and grovelling object— a snake, a tortoise, a crtxK'- 
dile, or an ape,** It in, then, to the banka of the Nile, uiidi^r the 
influence of such a wifrslii)) lui this, that we turn to find the first 
developineot of eccle«iairtical architecture. 

Sir Gardner Wllkinaon considers the germ of the Egyptian 
temple to have been a simple cella, with a porch, which always 
remained of nearly the same size aud form, though in process of 
time surrounded with one adjunct afuii' another, till it assumed 
the form represented in the pl'iii of the temple of RhamMs the 
Great, which is a pretty fair typo of the great Theban temples, 
Tho whole arrangement of thes^ temples is clearly indicative 
botliuf the mysterious anri supenttitiiooa character of the worship 
for which they were ereoted, and of the splendour of the cere- 
monial by which a powerful priesthood sought to invest the 
religion with dignity and solemnity in the eyes of the commoQ 
people. And it may here be remarked that, both in this aud iu 
all subsequent temple styles, the extent aud maguiflcence of the 
plan are in almost direct proportion to the power aud influence 
of the priesthood. In uociuut Egypt tho priestly caaie was pre- 
itomiuant over every other, and never, certainly, has there beeu 
a more auccessfal attempt to give an outward sublimity to a 
worship essentially contemptible than iu these temples of the 
Theban dynasty. The long avenues of sphinxes, sometimei 
stretching for nearly a mile from the gateway; the eatraooe, 
with ita great propylons towering on each aid", and leaiHng into 
a wide court-yard surrounded by the deep shadow of a coverecl 
colonnade; the second court, with its rows of seated colossi; the 
hypostyle hall of assembly, with its forest of columns, diraly 
lighted from above, — all these must have combined to prothice 
an effect scarcely equalled since, and well calculated to suggest 
how awful must be the sanctity of those three dark cells to 
which all this grandfur farmed only a vestibule. Into that 
sanctity, however, the people were wisely never permitted to 
examine, the king alone being nccasioually introducetl, a priest 
leading him by the hand, int*i the presence of the deity (a cere- 
mony frequentlv represented in the ^^'ptian paintings), the mass 
of tho people always remainiDg without, and participating iu the 
sacrifice only through their priestly vicars. The triple arrsoge- 
mentofcelle which seems to have generally prevailed resulted 
from the belief in a triad of deities presiding over each of the 
principal cities, and generally supposed to consist of a god, a 
goildes8,and their son or daughter; aud this belief (which isalso 
to bo traceil among the Etruscans and Pclaagi) gave rise to the 
small temples colled mammeisi, so remarkably resembling the 
Greek temples in plan, and which appear to have been con- 
sidered as the unptial holla of the deities. The most important 
ceremonials next to the sacriticee were the processions of the 
deities, who were occasionally borne in stai^, under a canopy, 
either round the courts of the temple or outside its eoclosure; 
an<1 we can easily imagine how important a part the avenues of 
sphinxes must have played in these probably gorgeous pro- 
ceaiiioua, and may perhaps trace to them the origin of the 
covered colonnade in the tirat court, aa a provision for the spec- 
tators of the procession withiu the boundaries of the temple. 

Altogether, the Eg;yptiaD temple may be viewed as the most 
complete outward expression of a religion in which the idea 
of tho beautiful wa.H .-tlmoet entirely sulxirilinate to that of tlie 
religious expression; no hich order of (esthetic beauty being 
observable in the details of the building, even tbe lotus capital 
owing its prominent poaitioQ as much to the saeretl character 
of the dower u to its outward beauty; the statues deriving 
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their imporUuoe leaa from tlieir arlistic merits than from thetr 
fligoiGcauoe as repreaeatations of Osiris: everj part ..f ihe builJ- 
iug baiog ooaiimcted to subserve llie purpose of eQliauciiig the 
idcM of mytlety which pervade t)ie whole of the Kg,v|)tian 
mythology— ihe whole representiug, indeed, the apoibeosis of 
superstition, in the awful and impcwiug forms into which it hail 
beeo, aa it were, cooBoUdatod, during the lapse of ceatariee, hy a 
people cuiincntly conservative, and moving very slowly down the 
stieaui of history. 

RreakiDgfor a moment the chrouolugicnl order of styles, aud 
turiiing to Hiutliutjiu, the temple st)lc of which arose as that of 
EgV]}!. became extinct, we see the same plienomeuon presented uf 
the rise of temple aichiteclure coiucidlug with that of priestcraft 
aud RUfwratition. For the earlier Sanscrit writings, tlie Vedes, 
which c-mtain the original precepts of IiiD<Luism,aud which Wei's 
long anterior to the rise of Hindu architecture, are essentially 
fnnthi'idlic, and nrv said to show symptoois of derivation from 
Ihe ancient Per«iitue, having been, most probably, Introduoed 
into India by the portion of the ikryan tribe who penetrated 
there. 

Long before this introduction, hower^, India waa already 
occupied by n people of Turanian origin, nod uoarly counectett 
with the iC>;ypti»nH; and under the influence of thtrae, as they 
ndvancL-dincivih/jition,the pure fiiithbecameKf-iduAllycorrupteil; 
tlic priesthood became a caate, coutiuimlly iucn-aaiug in power, 
and the original pjnil-hfisin inerg»<] into a (Hilythmsiu far mure 
gtom aud degruHng tlian th;ti of tlie K^yjitiftns. Ilcnct! whs de- 
veloped afunu of temple which, as it arose under siuiiior oircum- 
Btanoet at did those of Eg^-pt#6o it bore to the latter a striking 
reeemblanoe in several points. We find the some dignity given 
to the entrances by pyramidal gnte-towersi the same pillared 
courts within courts; the same extraordinary bathos in plan, by 
which a whole array of eotrance-cntes, court-yards, columns, 
&c^ proseoting a gorgeous aud striKing exterior, but becoming 
smaller aud meaner as they are peuetrnteil, culminate nt length 
(if one may use the word) in tbe od{> little insiguiticiint chtimbcr, 
lighted only through the door, and additionally darkened by a 
covered porch, wliich wjta perhaps the tittest kiniL uf nhrine for 
such deities .is have be«ii oonjut-etl np by the Hindus. Such a 
phtu a)) this could only have originntt-d fn>fu a leligion in which 
a priestly cast« stood completely between the pe-uple and the 
deity, and in which tlie imaginary deity pai-took uot of the 
higher nature, but of all the baser and moi-e degrading passions 
ofhumauity. 

Going back in our chronology, and starting again from Egypt, 
we cross over to Greece, aud here we are at once iu a purer atmo- 
sphere, for we have got qiut of the exclusive influeuce of the 
Turanian race. The ancient Fela.-^gi, indeed, the earliest known 
inhabitants of (Ireece, were of Turanian origin; but the Greeks, 
/jar cjceilen<x, were the otfspring of the union between these abo- 
riginal inhabitants aud the great Aryan race, represented by tlip 
Dorian colonists, who joined tlieir high intellectual {tower aud 
common atiiitt^ to the brillhiut artistic capabilities of the PehLSgi. 
Hence their rtdigion, thongh a polytheiam, waa of a bright an<l 
licautiful kind, being iu fact a deification of the various attributes 
uf uature, clo»ly allied to the pure Aryan pantheism, aud pcwess- 
iug few elements of mystery or superstition. No caste of 
priests liero combined to blind and stultify the worshippers; the 
priciiswere the officeraof the temple merely; tliesacrilicesaudthe 
worship of the deity were witnessed aud joined iu by the people. 
-Arcordiugly we tiud here no labyrinths of courts witliiu courts, 
lie Milemu visLatt of sLitucs, none of that expression of gloomy 
griuidcur which wc met with on the banks ot the Nile; all that 
was required on plsn wa^ u simple rectangular chamber with the 
Btatue J.ad allJir of the deity at tlie further end of it, where sacri- 
tices could be wiiui-twefl by all assembled in the temple. Tlipt>e 
perisivhir tcm|>le3 seem to have been developed from a simple 
cella, m much the same mauner aa the Eg}'ptian: though wlK-iht-r 
the original form came IJ-om Pelasgicor Egyptian sources api>eai-s 
lobe a vexed question. The one exception to the simple clianicler 
of the Greek furm of worship is the celebration of the Eleusiiiiau 
mysteritf'*, which, however, are kuown to have been borrowed 
directly from the Egyptians, aud which, as we might Iiave ex- 
|>ecie<l, gitve r'uie to a special plan of temple at Kleusis: a nearly 
b<|UArc building, with columns equally spaced over the greiiier 
part of the area, and this plan, bo tliffereut tn proportion aud 
arrangement from the ordinary Greek temple, has been suppmied, 
I iLiuk with grtat prnhnbility, to have been suggestoil by the 
by|)oatyle halU of tin- Egv-ptiim*. 
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It seems probable, from varioos passages in later Greek and 
Bomau writeis, that these mysteries coufiiated mainly iu scenic 
repieseutations of the most sigaiScaut passages In the Greek 
mythoh*gy, partionlarly iu relation to a future state. In such a 
case it ib easy to see that a plan like this, with the view partially 
iuiercepie^J in every direction by columns, aud lighted froui above 
by M-lndow<i which could be darkened at pleasure, might greatly 
aid Llie vtlWi^t uf Huch exhibitions. 

\Ve know how amply the (ireck temples compensated for tlieir 
comp:ii'atlvely amull size by the exquisitely iirttnic and lintshed 
diameter of their decorations, aud in this way they present a 
rt-niiirltable oontrast to the Egyptian temples, iu two points uot 
uuciiunecled with the opposite character of the two religions. 
The tiritL is, that the Greek ornameutatiun did not, like the 
Egypii-.n, owe its interesi to its sacred or symbolic meaning; of 
thi^ it fMMsessMl nothing, for the Greeks were far too intellectual 
to descend to material ayniboliftm; ail their decoration w^is placed 
there »ilely for its artistic effect, and if, as before said, the £syp~ 
tian style waa the apothet^mis of superstition, the Greek was cer- 
tainly that of cestheUc beauty. Secondly, the phonetic art 
iutrodaoed into the Egyptian temples, the endless walI-|>Aintiii^a 
of nearly every possible subject^ bad no reUtion to any previously 
compiled and well-known histories of thiugs, either sacred or 
profane: they were tIieniHt.>lvos the bonk: aud, like ths {wintad 
windows aud sculptures of the Mcdiscvnl cathedrals, vero 
probably the chief sources of instruction to the moss of the 
people. The Greek sculptures, on the other hand, were oulv the 
iUustmtious of the most beautiful Pagan uiytliology, and the 
most splendid literature, Pagan or Christian, that ever existed; 
the heroes and gods of Homer lived again iu the friezes and 
tympana of the temples: — 

" Nor tbaw klobe, bat tnrj kfend Ur. 
Wbtcli til* wapnaa Ckocmou mlttd 
Canred iMt of lutvi* tat tUeU, was tben, 
Noi IcM tbks IU«>, dMign'd." 

The IComans contributed but little to the temple-styles of the 
world; they were nn Aryan race, dinplayiug in cxcena the matter* 
uf-hici character and coiuparative Midltfeience to leligious artr 
which has always belonged to this division uf the human familjr.i! 
Their temples aud it-liginus rites were chJelly burroweil from thO' 
Greeks, as those of the tireeks in maiiv caiwif from the Egypijausi 
but while the latter mernly borroweil, loid vastly improved 
their models, the f-toinnuD started with copying, aud soon spoili 
aud vulgarised idl the deuitld iu the process. Que form of temple, 
however, [lossesstv an interest for us, as being the model on which 
the Chrisliiin baptisteries were afterwards uuilt; I refer to tbi 
circular form,wbiLh was borrowed ftooi the EtruacauB,aTui-ani 
race neai'ly allied to the Pelasgi, and holding the same place in 
aucieut Italy as the latter in aucieiit Greece; with thisdistinctiou, 
that the liomati cohiuistsdid nnt, like the Dorian, fuse themselvcH 
with this aboriginal race, but i-VL'r(jowerud aud superseded it. 
Originally these circular buildings were probably tombs, fur the 
Kiruscans were esseniiaUy a lumb-huildiug race, owing to ihe 
reverence iu which they held tlieir aricetttorK; aud though the 
liomans uxvd them as teuiple-4 (s)w»ys dedicating them, however, 
t<i deities of aa Etruscan and uot of a Komau origin), the tra- 
ditional use of them slmwed itself a^fTiin in the Uhristuiu era, 
iu such buildings a« the tonib i>f Theodcric aud the circular 
church elected by Charlemagne at Aix, ui t'orm his owu aepul- 
chre; and even in the Christian bapti-stciies the same feeliuj; may 
be traced, innjimudi aa these buildings were commonly erected 
over ajjots couseumied by the eutombmeut or manyrdom of 
saint. 

(To br anitintxd. i 
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INSTITUTION OF CIVIL ENGINEERS. 

A/-ril 11.— The |ki|>cr read wss oa "Tiit I'tttinioff tinUwajt /or 
y'oMm.'/rrx -<u a 'hftti gua;/i; vith $hari$ fMnei, and wtirkut lig loco- 
Hiy((t« ertyincf," i>y CAptftin H. W. TviKR, U.E , Amuc. liwt C. K. 

This lioe was dMtgnc^l to fiiciliUit« rommuntusttnti betw«i*ii Om prin- 
t.-i)tal fllate and other (luarrieH m the county nf Meriomtli an'] tli<^ xtdp- 
piii>r pLm:4m, aud fur Ulc coiiTcyaucc of oooIb auil other heavy article» to 
the (piarries atitl imneoi. A» in 1832, when the SLi. fur its oODSiruclii-b 
WM obtained, the [Hipulauon wm vnry liwitefj, the Itae vrm laid vi>t Vii 
on eeoaomicttl maiuwr, wiih a wi>l:li between the rails of 2 fcrt tmly. 
It ajiiiiQtUtoed at Foitnuwiou, aud »ft<^r pM«iiig along the Traolb Mftvrr 
uuilKuikiiieiil, it luiceadi^ tc Oie mouutiua termhius at Dinas, tlir !> vd 
111* wliidi was 7UU foet above the statioD at Portniadoc, by «n ■tvirn>ge 
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} Cndlent at I in 9'i. for 13} milfM, tb« total length of the line beln^ 13 
uitlea. Tlw ■t««)^>cst jicmlient ah th« p>^rlioo now luwd fur pAMcDgcn 
WM 1 in 7U-r2. uti'l on thai travenMxl b.y looomocivo eDctuM 1 in 60. 
Sume of Um corvtw lud rwlii uf 2, 3, und 4 vluuuft. The maximum 
nper<«l«vsti(m of the ouUj- nulon 2 cbaiQ corves wu 24 incite* (ur a 
fapeod o( fi uiln ui hour. Thu «<rtiuutod cott of Um liiM wiw i:-i4,l;«5, 
but the p»rliMu>9iitM-y c&pital mu m.i*ed to £50.I8.'S, 

TIm quMTiw twiug iiituntai) at dtffenmt altitudes in the mountidu^. the 

«Ulm w«r« Gnt bniugbt down the f]UKrry inclinm to th« nulwar. &n^ 

thrt trades were collected until fifty or wity had accumulated t« u»m a 

trwrt. which wiw lh«n all<»wed to run down by gmviey. Until the y^-ar 

IMS, Ifae empty tnicln, or ttiose liwdorl with oonli, go»ds, furniture, 

llialaiiili. iiiiii liiiii iji and Uk'Ih tor the c{u»riies and the nci^bbourho'^l, 

drawn up by binw^M, who travelled <Ii>wn with the traiue, %m on 

J ninoral or o^iery Unbii in tb« North uf Hv^-iaiKl. Ai thu traftio 

[iMraaMd. the lint! wax grwiually in^xoved, by fliitl^ning the curves, by 

_ brlter ^nt'liontc, ami by impravtuueut^i Ut tbt- penuanent way, 

Taod ia the tni>lc siill continued to prngrew, tlic tinicLii.*ii^iiity of employ- 

riof Incomoitvea waa oiiiMUtnUy JiacuwHidL 'lue apparent difHotilttee 

' CKwed i.he i.lea Ui bo tiiore than once abandoned, but ultimately, la 

June litis, two locomotive engin.jM, dtaignod by Mr. EnglftDil, under 

the (tiiwtioa of Mr. 0. E. Sp.«Jin!r, the enginwr t.i ilw o.iiipaay, 

VH« plaoed upon tha line, and haviti); bt«n found to bo suoMWifiil, two 

I ftUMrs were wilisfyjuentlv Boppli<^d. 1 'i«w four engines ba>l run .WiO'iO 

ttrilw up u> February I66i, without t"aving thu rsdit. During tlw U«t 

mabnno, thu company carried p a aa e ngem wiUiout taking fare*, but at the 

«ommencemeac ui the prtaontyaar the line was regularly opened for 

pawsDRer traffic. lu HAoending fiuiu Tortmadoc, the paaaenger 

CMuria^es w*re drawn by the engioM with other whiolce^ the paMflDtfer 

cairiafpea being placed between the empty obkte trucks, which were 

[ alwart last in the trains, antl tbo goods waggooi, utiich were next twhinil 

rtlw tewler. la desct^ndin^. tbo kmcfed slate tmclctt, with otupty (^ckhIei 

trvoks attached behind them, ran finit In a train by tbeuuvlvea, the 

' sn^oe ftillowed, tender firit, and the paaienger vcbtolcs bn>iight up the 

T«r. with a break in front, Init dotache'l frem the cnt^in-- and t«i der. and 

at a little duttancw hifhind tJiem. The spoed w»» limitt-d tn »l«)iit 

r 6 nilM an boqr in pasaing round the eb«pest curve, and t<i lU miles an 

[ hoar on iither part* at the line. 

llie enginea were HonMwhat aimilar to, though much smalWr than, 

_hMe wbiob had iMsen found so uaeful to cuntracinrs. There were two 

\ pBfaa ot wheela. coupled tti^Bthor, and 5 feet "pw '""" centre U omitm, 

t^ wbeeb being each 3 feet in diamfltier. The cybndeni, which were 

imtalda Um txamiug, were S inclirs in diameter, with a k'U^ of suroka 

of 12 inclua, and they were only K iuchus ftb..ve tlie raJf. The luaxl- 

mum wnrkiiig pressiuv of the steam wiw 20'J lb. to the iKitiaPO inch. 

Water was carried in tanks eurroundintf the boi:ii;rs, and a>sl in small 

bnrwbodkd tenders. Tbe hoaneot of Siaae eu^nea weighed 7^ toiia in 

wcridng order, and they cost £\KMt each. Tbc^ oould take np, at 

1 mile* an hour, ahftut 60 tonii, including the wright of the carnage* 

and tnicks, hut exclusive of thnt of the engine and tmder. Tbey 

j Mtaally cnnveyad dally, on the up journey, an aTeimge of 6U tons of 

I gooda and 100 pMoeagera, InmidKii iwroels. Two handrud and niity 

Ivoea of slalea were taken down u> Portmadoc daily. The eneiocK wcr« 

Ltrell Adapted tot coavenieiuie id starting awl In wurkin;; at kIow iipn;ds, 

^bui their short wheel biue, and the weiftht overhani^inj; ttw trailing 

whales, gave tlurm more or less uf a juiuping rooUuu when running. 

Bafoty guards, similar in form to snow ploughs, li*! been a-ldtd in frwnt 

[ of the enginca, behind the tenders, and uuilcr ibc platforms uf chtt break- 

I'Vaoa, in oonsoqaonce of their bung so noar t>} the rails. 

I The passeugrr carriages were 6 ft. 6 in. high in the middle alM»re the 

Iflsilf, 10 feet lone, and « ft ^ hu wide, tbey were i>a four whwia 

fl9 inches in diouojUr, and Ifeot apart from centre to centre of the axles. 

I llwre was a longitudinal partition down the oencre, and the paaMuifpsni 

rwere 9t*iM back to Inck, wi as to avoid overbanghig weight outaide tho 

rails- 11x1 Bocpod and third, costing ;£ 1 00 each, did not diffiU* from the 

firel eUaa caniagea <which oust £1^0 each) except in their fitttugs. 

[ Jfaoh carriage woald courey ten paoaengers. The floora o( the oaniagea 

tWng «inly 'J iucbee above thv rails, no platforms were required; and 

lhei« being nu break iu Ibv longitudinal partitiuDA, the puueDgota gut 

hi and out through <t»f>ni on Ixilh sides. Theru were also aomu up«n can 

for tiiiiiiurT iiie, without sidus or roof, into which the paMcngen were 

•tn^iped by means of longitudinal and croits straps. 1*be oiuplings 

w«T« i'<entnj, IJ inches above the rails, ami working upoa vrdiitc 

■prings. Tie buffers were aL»o central, and were 4i incbrt abr>vc tha 

\ voqplingv. 

'rhe rails wwghed 80 lb. to the lineal yard, and wore snpijortad m 
ewt-troo cbaim, we^faing 13 lb. at tho joints, and lu lb. eadi in tlie 
bttcrmediate aiMicea. pland upon tranavtim aleepen uf larch, in trans- 
Iccmrag this borae-tnuDway, thirty-three yeaia old, into a (laiMieiu^Ar 
Una wurkrd bv UjooowtivM, the narrowness of tha works, among oui*r 
< Ifauurs, c>iiiMnl'»ome difficulty, 'ilie author thought that in all new lines 
^ft mminium dtitauue of 2 (t. Oin. should be preeervwl bi^weeu tho Hides 
' lim casrrio^st aud tbe works, and that where tbure wete two liu<:-i* T*f 
, BD Intermediate space uf 7 feet should be allowed, to admit of the 
I «( the uurlagM in oat train swinging de«r of thitse of aiiutlier 
Itain. 



The author conceived thai the employment of looomutive enginH on 
this little railway, and its opening fur paasonger traffic, wore not only 
highly interesting cxpmmcnta. but were likely to be followed by 
imporUnt resulta. Allbuugb there wcr« stlli do^i^^eas, nuiaenjus dis- 
tricts where nulways on a gauge of 4 ft. e*^ in., might be profitably 
inihlc, yet there were also many others in which lines uf cheaper con- 
stnicrtinn were rei^nired. With a narrower gaug<% lighter rails and 
ilucpura, lOHi haUaat and obeaper wr.rks genemlly mijjht be a-iopt*d; 
sharper curves might bo laid down; very heavy gmilients, particularly 
in mnuntainoQB rtiginnit, might b« mora cfai'aply avoided; and lighter 
engiuca with lighter vohidee might he mofle to do all the work, where 
high speed was not demanded, sod where the traffic was nut lieary. 

Thu NcvwegUo government, as appeared from a repurt by Mr. O. D. 
Fox, had iu operation two lines on a ){<^u}^ of 3 ft- 6 in., one from 
Grundsett t^i ila:uar, 2-1 miW lon^, ibc other from Trondlijon to 
l^tareo, &(\ miles long. Tho fonncr, with (cradienU of I in 70 and corres 
of lOVi) feet radiuw, ha'l coat, including rolUugftock awl stations, £3000 
a niilo. Tbe latter, through a more difBcult country, with gradient* uf 
1 in 42, and oorvea of Tl'V feet to 1000 feet radius, had oo*t £0000 a 
Bule. Tho engines weighed 1 i tons in fleam, and the speed was about 
15 mtleoan hotir includmg stoppages. A farther length of 56 milM watt 
in cnune of construction, and no other gauge was cuatemplated for the 
traffic of that nation. 

It was, however, iSogal at present to mnstmot any [lasa n nger lince in 
<*t«at Britain on a Darrower gauge than i ft. S^ in., or m Ireland tliao 
5 ft. a in. Consequently, it would appear to be desirable to eadearonr 
t*' obLaiu the repeal, or at luost a ut)difii:atiori of the provisions of tbe Act 
9 and 10 Vict., cap. i^7. which regulated the gaugK of tbe paaseoger lluea, 
a« there waa now an increasing demand for railways of a minor oUas. 
Many coal and mineral linee on a less gauge than 4 ft. S4 ^ were in 
uftv, and others wen projected, with ultimate views nf paaaenger traffic; 
atui it would be advantageoue if some narrower gauge were reoognised. 
Whether the exact gauge should be 2 feet, 2 ft. 6 in., or 3 feet, or any 
other dimension, it wm believed there cnild be ou question that a system 
vf branch lines costing twt-lhirds of thow now crdtnarily ooastructed. 
and worked and niaiobuned at thrae-fourths of the expeuse, wnulrl be of 
great henptit to Gnist I^ritain and in Ireland, and would be most valoahln 
Ld India and tbe Colonies— in fact wherever then were people to travel. 
ivnduoe to be triujsported. resuuroes to be developed, — in caaee In wbii-h 
it wi'uld not Ite commerdolly profitable to gu to tbe expense, at the 
oulMft, vl a Hrst-clasM railway. 



ON FACTORY CHIMNEYS. 

By Pbtek Uarmichabi.. 

(W^ttK an Engraving. J 

The imporlunce of an effective cliiiuney need only be named. 
Ou it depi'tids in a great lueaeure the aiicceH of the firing, so a* 
to latae eteam rpucKly, and keep it up atcadily, aud lUso the 
perfect cumbaaiioo of the fuel with the leabt amount orMtiiokc. 
With a ilraught in the chimney leea than ^ci^^^ "" '■''° presaure 
gauge, the tiniig of the furuacca will iu most coses be a couataiil 
loil to the tiruuiHU. Ue cuQUOt avoid mnking a large qoauiity 
of black inioke, aod iu cases of au extra iJcmnnil for steaiu it is 
impossible to m<>et il; for no stirring; or cuaxiiig uf a tiro will 
make it Inirti hiighlly, or produce the red glow which is the 
perfect coutiitiou for niisiug ateain, witliuui a full comoiaud nf 
draught. It 19 didicnlt to make ex(ierimeutR, but It would be 
vory iuatmctlve to have a nnrober of observaliona or tests of 
various chimneys, to ascertain tbe tempomiurc of the escamog 
proilncls, and the force of the draught; giviug along with these 
tlie iliiueiisioDs of the cbimuey, and tbe work done, that in, the 
Dumbci- of boilers and furnaces, and thfi con\» coutiumcd in a 
givtn lime, hi wliat follows notios wilt be takeu of all these 
poiota ill (Ivtail. 

My exporienoD is, that niosl factory chimneys are loo lam 
f'lr tbe work they have U> do; uat tou high (tliey can hardly ba 
that\ but ton wide, eaiHTtally at the top. In our practice, in- 
variably as more boilers and faroaoes have been added to a 
chimney the draught has been improved; and it is obvious, that 
if the opening in tbe chtinuey be too large, ooupared with the 
whole of the i>pening8 in the dampers passing into it, the draught 
will he reduced. Heui:e it is very notioeablp, in many cbimoe;* 
which are large in proportion to the number of furnaces they 
serve, nr tbe coals ctinsompd, or where a new chimney ia put up 
tn Serve fur prnapeciivu ndditinuiil farn:u.'eS( tbe smoke iiiuiiug 
from aucb linjio vrry lazy ascent, ami they are generally blackeneo 
a long way tjovn fri>iu the top by ihe smoke; for when a breoM 
is blowing, the Hmoke, insteail of imceudiiig, falls down tbe Icc- 
wnnl side iif the chimney, aud cliugs to it like a ragged black 



[ have recorded ob^ervatioos mado from time to time f^r 
levenil years on thetemperatareof tbeescaptog prodacta of cmn- 
banlinu in thu fltica aud at the W>ttc>m of the chimueVK, und 
have alsu tAkeu uutea of the force of the drnnght, both of which 
are impoitaot eleiueuta iu coniiideriug the valoe of a chimuey 
for doiug tt« work property. The tetuperatare is obt»iu«d by 
using amall strips of the following metabt : — ZiQc, which m«Lts 
m 700*; lead, 600*; biBinath, 500"; and tin, 440°. Small nita of 
each of these, about 1 inch long and ^ iocb broad, ar« pieroed 
with a bole for pa&iiug a wire through, nud soapeodM ia the 
Ques behiod the damper, or at Lht» bottom of the cbimoey, aud 
the time noted wb«u they are nielt«d. From these obaervatioua 
freqacDtly repeated, and tried under various circumstancci, it 
hns l>e>eD foaad that the temperature is nearly uniform at C<K>* 
bebiud the dampers; 440° melts at ouce, '/OO^ generally in Irss 
than a minute, 600* mvltH when Ihe lirei« nre in gixjcl condition, 
and 700^ does not melt. So unvjirying are thetie results uoder 
different circumatancea, that 1 assume GOO'* at the bottom of our 
cfainjueya as a ntandard of temperature of oAcsping products. 
Tbia seems a great lusd of haat with a ateam pressurti on buUera 
of35-lb. 

For testiug the force of draught the ordinary water-gauge ia 
used, but on a very enlarged sctle, so as to ensure as uiuch 
accuracy as possible. The mode of arraagement will be seen 
without much explauatlon, by reference to the drawiun of the 
iostrumeut. Fig. 10, Plate 13, wbioh is as elevation, and Fig. 11, 
a section thereof. 

The reservoir ia a tin flagon, C inches by 4 inchea. The glass 
iDdicator tube is^-inch lore, l>riiig a bit nf a builcr wat.cr-gauge, 
and tbo scale adopted ia an iuch divided into teuths. A pie<w uf 
pijie is inserted in the chimney, hjtving a 9tn|»-cock and an end 
turned up, and made for the drauglii-gauge fitting iuto. The 
small hots iu the atop-oock, as ahuwu in the sectiuu, ia for allow- 
ing air to getiu, aoas to nicely adjust the scale to the level of 
the water. When the atopcock Is turned to open ooroniunica- 
tiou between the draught and gloss tube, tbs height is readily 
read otf by a practised eye in decimals. 

The acootuponying drawings represent thr»a chimneys at 
Dens Works, Dundee, didTeriug in Htze, but of nearly the same 
Mneral proportiooa. No. 1 (the largest), is represented in the 
elevation, tig. I, and iTig. 2, a aection thereof; there is also a 
plan. Fig. 3, of the taper-top; Fig 4, a base plan; and Fig Q, 
a. plan of the top, which has an outlet suruoo of iH squan! 
feet. There ia no claim made to origiuality in their shape, as 
previoua to the erection of No. 2 chimney, in 18-J4, there were 
several throughout the country, particularly a very hnndsome 
obelisk, built with stoue, at the works of Messrs. Marshall & Co., 
thfl eaimiuent flax spinners at Leeds. 

Thetai)er-top is found to answer the purpose well, the smoke 
uceodiug from it very freely, ospeciHlly when there is a breez« 
of wind. At su«It times the onliuary top i.s acted on like a key 
when blown Into to make it whistle, the blasts of wind affecting 
very perceptibly tlie draught of the furuaces. In ihe taper-top 
this is not much felt, as the wind can only blow into one or two 
of the four compartments at a time, ana this still allows the 
other two to vent freely. 

No. 1 was built in tB54 to replace an old tow chimney. It is 
situated on the top of a brae, above the boilera and furnaces 
which it sappliee. It is 162 feet from base to top, and from the 
firing level of the first 15 boilera to base of chimney there is a 
rise of 03 feet. At a lower level there are other four boilera fttJ 
feet below the baae of chimney, so timt the total height of the 15 
boilera from firiug level to t^ip of chimney 19 2:^5 feet, aud of tower 
four builors 246 feet. From both of tbt^se ranges of boilera the 
sm'jke is conveyed to the chimney by a long sloping brick flue or 
tuuuul, mostly undergmuud. 

As the drawings are to scale, it is not nocessary to go into 
details on them. Sutlice it to say, that the opening at LHute of 
Na I is 9A feet square, at top 6 feet square, but the apeniiig at 
top is still further contractetl by the cnxsti walls for carrying the 
taper point. The area at bottom is, therefore, 00-^5 square feet; 
at top 36 square feet; contracted at outlet to SSsquam feet. 

For further data it luay be elated that the 19 boilers, each with 
two furuaoes, the flues of which pus into this chimney, have an 
area fur each baiter, at t>ottoni of chimney, 4'7S square feet; at 
outlet uf chioiney, 1'31 square feuL 

Tlitt conaumption of coiil for each bolter is about II tons per 
week, the average couftumptioti being about 210 tona of cital 
oousumed for (30 hours' work of engines, all told, from getting 



np steam on Monday morning till Saturday, or ahoat 3| tons 
per hour. These statements are given for the purpoee of showing 
the actual duty done by this chimney and for comparison. The 
draught of this chimney baa l»cen tested over the period of a year 
or two, there being 90 observations recorded in all. At the 
boitfiQj of chimney, the highest reconled is 'f*6,] the average tBii; 
the lowest ia "56. 

In taking the observations the height of barometer was noted, 
and the direction of the wind. The changes of the barometer do 
not show much effect on the force of draught, it seems most 
affected by the wind, being lowest in a south or south-west wind. 

The chimney No. 2 (shown in elevation at tig. 6 aud sectioa 
Fig. 7) built in 1844, to replace an old one that stood in tb* 
way of eiteuaion, ia 135 feet high from b-ise to point. The open- 
ing at base is 7 feet square, and at top 4| feet square, thfl outlet 
at top being furthur c<uitractt)d by cross walls, so that the area at 
bottom is 4^ square feet; at top 1806 square feet; contractoil at 
outlet to 13-76. 

There ore 7 boilers, each with 2 furnaces, the flues of which 
pass into this chimney, the furnaces being about the level of i 
the base of the chimney, givingau area for each boiler, at bottom 
of chimney, 7 aqoare wet; at outkt, l-dti square feet. 

The consnniptioo of coal ii nearly the same for each boiler as 
formerly named, say 1 1 tons per week, or an avei-age of 75 tout 
for 60 hours' work, all told, from getting upsteam on Monday till 
stopping on Saturday. 

The £-augbt of this cbimner has been tested as regularly as the 
large one, and there are 94 observations recorded in alt. The 
highest recorded is '875; the average, '75; the liiwest, -0. 

The chimney No. 3, built iu 16^4, was made as small and light 
as possible, being iuten«led to supply only a few boilers. It is 
lii'i'S feet liigh from liaae to point, the opening at base is 4*S5 feet 
square, at tup 1-5 feet square, the outlet at top being furthtr 
coutracted by cross-walls, so that the area at bottom is IH (>S 
square feet; at top, 2-25 square feet; at outlet, 1*75 square feet. 

There is only one boiler as yet connected to this chimney, 
the furnaces being at the level of the bas4(, giving ao area for 
the one boiler, at bottom of chimney, 18-06 square feet; at outlet, 
1*75 square fee^ The conanmptiou of ooat for this boiler is abooC 
10 tons per week, varying with the work done. 

The draught uf this chimney bos never been so good as tha . 
others; there have bean 31 obsorvaljons recorded. The bigbeati 
is '537; the average is '5; the lowest ts -45. 

In building this chimney, n few lioles were left in each side o( 
the square near the top, like pigeon-holes, but sloping acutely 
drawup (nee drawing), in the hope that the wind blowing into 
theHc, the current being thus directed upwards, they would 
assist the rising of the smoke. Hitherto they do not seem to j 
affect the purp>ise desired, but rather have a bad ^ect, th« ' 
smoke issuing from them blackened the top of the chimney a 
greater distance down ttinu the others. 

Id drawing oomporisouB between these three chiDiueya, a table 
might be ma4le to show more clearly the distinctive ditTarences; 
but the number being so few, it is lianlly worth while to elaborate i 
the iuquiry. At the same time, perhaps, enough has been givea ' 
to iudicate soraotbing near the size that a chimney should be for 
the work it is intended to do. 

In the large chimney (No. I) the quantity of work dons is an 
extrwrne case, and our experience of it has been that it has becoma 
more efficient as boiler after boiler has lieen put to it. On the other 
extreme, the No. 3 obtmn^ (shown in elevation Fig. 8, and sectioa 
Fig. 9), serving only uue boiler, although msde very small for its 
height, hpva a very weak draught, and is evidently too large for 
the work it haa to do. If additional boilers are require^] to b« 
added, there is no doubt but it will improve, and be better fitted 
for its work. 

There was a violent storm of wind at Dundee, on Saturday, 
February 13, 1864, which is taken notice of here becau.se ir gave 
an opportunity of making some olwervati^Mis on the chimneys* i 
At the height of the gat«, which fortunately was Iwtwecn two * 
and three o'clouk in the ufleruoon; when most of the vork-people 
had gone home, the tops of both the chimneys No. 1 anil it wen 
blown down at the same instant, mnking almost a aimultane 
crash in falling, all the taper-top being carrie^l away iu both < 
without injury to the square shaf^ of the chimDeys. The gal«1 
was more violent llian hod Lieen experienced for at least twenty] 
years, ai was evident from it blowing down tbs top of No. S^J 
which had stood since 1844, and also by the deAtruction to othan 
chimneys and buitdiugs in the district. Being present at tht^ 
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time, 1 was anxioiu to see how the obimneya behnved id 
mcb K Ttoleot alorm; and thia was seeD, co some extent, br 
looking at No. 1 io line with the oomer of a high tuill, 
keeniag the head stead 7. The moveiiifot waa phiinly 
viainU; iiol a awaying mottOQ, like a tree bent by a blast, nmt 
r«eovi*HDg itaelf during the hill; bat a Bteaily rocking motion like 
tha awii)giug of a iMuJulam. The oaoillation did not appear lo 
«xoeed li iachea, and Uie obaenationB gave a feeling of security 
Ml to the stability of the chtniuey. The tops of theae chimneys 
wera Dot rebuilt tor aome months, having to wait until the 6rea 
werf out fur a few daya at the annual holidays. In rebuilding, 
the brieka were made Lo models in much heavier pieces Ih&u 
before, and dovetailed together, aa shown in the plan. 

While the tope were off there waa not much difference in the 
drauglii, the cntsa walla at top not l>eing injiired; but there wss 
more dark smoke than before or after, anij it did not rtiw no 
freely, trat in a breeze of wind fell down the leeward aide, and 
dung more to the chimney. 

Wlieu the uckle wan up for getting to the top of Ko. i chim- 
~ nej, the opportuaity was taken to mulce some observations on the 
beat of the eecapiDg pnKlucLa, and also to see how much tfae 
«iit(et at the top could be iy>ntracLud without injuring the 
4lnagbt. With a view to this the draught waa tested for aeverat 
liaya with the water gauge, and it ehowe<) fully % and at the 8ame 
tiroes the height of llu«s was teste<l; at Iwtinm of chimney oOO* 
malted in one minute, 000° melting in longer or aliorter time, 
Spending on the state of the firea. Expecting that the tempera- 
tnre would be uach lower at the top of theohimoey, the nperaicir 
waa supplied with the alloys m<!lting at 2t2<*, X86*, and 367°. 
Theae melted very quickly. Then 4W and fiOO' were tried, 
wbeo both melteil in a little more than two miontes; 600° would 
not melt, thus showing the temperature of tbo escaping produota 
Mt the top of the chimney to be oeiweeo 500' and 600". A sheet 
vf iron was then put on the top of the chimney, contracting the 
oaUet S} sqnare feet. Thia was tried for two days, and did not 
«0eet aeoaibly either the draught or the temperature. The 
outlet waa then ooatractad still further by a larger sheet covering 
S-48 aqnare feet. This bad a perDMptible effect on the di-augbt. 
The experimeuta were not carried further, there being con- 
■iderahle dilliculty aud aome danger in following them up. By 
coniractiog the outlet with a proper taper, instead of merely 
larrtng on a flat plate, the oontractton might have been earriea 
■tiU&rther. 

The graatast want of draught la occasionally on Monday 
mominga, after a «ild wet Sunday. In such caaes the flues 
and chiuiuey are coolml down, and the draught greatly reduced, 
•o that the firemen have much diilicutty in gettiug the Gres to 
bora brightly, and keep np the supply of sleaui. Sometiiuea, in 
lb* setting of the boilers, aud even in the chimoeya, there are 
, 4)pen joinLa which admit cold air, and are very injurinns to the 
I draught, aud the openinga fur dampers working in are often very 
wide, and admit more cold air than ueed be. The draught gauge is 
very naeful in deteetinp; any falliug off from such canses, and in 
the hands of the skilful eugiuoer should in some amalt degree 
Iw tike the st«aci-eugiue indicator 



THE EXniBITION OF WATER-COLOUR DRAWINGS 
AT THE KGVPTIAN HALL, PICCADILLY. 

Owing 10 prcsaure upon our space last month we were compelled 

to omit our intended reference to this exhibition, nowopened for 

ibe first time in the Dudley Gallery. lu promoters have had for 

their ohjeut the establishment of an ioatitulion, which, while 

•xdnsivcly dcvoteil to drawings, as distinguished from oil 

fMUntinga, should not in its uae by exhibitors involve membei^ 

■hip of a society. In this roapcct it differs from those already 

1^ operation in Ixiudou; the Water-colour Societiea reR<>rving 

Ttteir walls entirely for members, while those galleries which are 

I comparatively open to nil exhibitora (such as that of the Rt^yal 

'I Aoademyt alt'ord but a limited and aubordinate space to all works 

in other materials than oil. 

The experiment thus made bears every indication of proving 

ft nieoem;. In the first place the resfKiDses to the applicfttiou 

^ !»▼■ beea very numeroua, — Clt more ao than there has been 

By poaaibitity of acoommodnting, — and nextly, thia aupei-abun- 

Utee baa eaahlud the oommiitee to place on the walls a highly 

iaeleot as well as interesting colluctiun, which has gradually in- 

^"•~ •* in public favour the more it has becomti known. There 



is DO branch of the 6oe arta in which aa a nation we ao moch 
excel as in painting in water-colours, aud the appreciation of 
this art has eitendeu far aud wido omoug all classes of peraona, 
90 that a demand htm been imperatively created such as in hereby 
met, and which preseuts such unequivocal signs of merit, that we 
ahull hope for the anuu.-Ll recurrence of thia exhibition. 

The Bubj(*cta are 'AH iu number, and consists principally of 
landecapea; the total number of contributors being somewhat 
uuder £W, iucluding not a few tadiea. Among the latttir Mia 
H. Colemao hohls a distinguished place, both iu poiut of talent 
aud variety; (439) the "Kingfisher," by this artist, is especially 
noticeable. Miss Blunden has four very good worka, — transcripte 
from Wales and the South of England; and Miss R Solomon seve- 
ral clever pictures which cau liai-dly escape attention. 

Mr. II, W. Brewer gives a capital delineation of the Western 
Porch of ilatishon Cathedral, (4); while Mr. McQuoid is as 
arohitecturd aud truthful aa ever in each of hla efforts, of which 
perhapM the two (.% 356} from Caen, Normandy, are the moat 
striking. An Hgreeable sketch of the Mowjue of the Sultau, at 
Cairo, forms the subject of (15), by Mr. Frank Dillon; and a 
kindred work ^39) by Mr. PilU-aii, gives a curious insight into 
the street arcL'itectureoftliaL placv. Ancient Greece has supplie I 
Mr G, Uering with a view (i9) of the temple of Jupiter Olvm- 
piua, near Atlieoa, which is well drawn, but nitber crudely 
defined; aud from the same country Mr. H. Johutiou furnishes 
(1^) a view of the welJ-lcnown Acropolis at Athena. Warwick 
Castle aud Mill (108) by Mr. Asbuu, is a favourate scene well 
handloii, yet hardly ao Buooeaaful na an adjoiuiog picture by Mr. 
E. Dolby (171)» represeuting the "Castle of Falaise, Normandy." 
Normandy too has invitod the pencil of Mr. Lenuard Lewis, who 
io (231) exhibits an excellent view of the Church of St. Wulfmn, 
Abbeville. 

The "Tharaea Embankment at Westminster" (345), by Mr. A. 
Severn, is a large picture, which bears evidence of such cou- 
acieutious rondoring as will make it a permanent record of that 
vast uodei'tivking iu one niage of ita progress; aud, travellif-g once 
more abroad, we observe (325), Mr, F. Townaeud's attractive 
delineation of the Temples of Picstum, forming a kind of pano- 
rama. The views of the Cloistere at Tewkesbury Abbey (140), 
by Mr. Niemann; and of Bievaulx Abbey (278), by Mr. Joba- 
Bon, are antiquated in their effect to an undue degree, and 
thereby lose instead of gain iu point of interest. 

Among lesa architeotunil subjects we may mention Mr. 
Richardson's two capital interiors of a Highland Cottago (46, S3); 
Mr. Stftuners' view near the Land's KuJ (77), elaborated with 
PreraphelitemiQuteness; Mr. Needbam'sclever sketch at Soutb 
Breut (105): a1*o his "Ivy Bridge" (165); "Snowdou," from 
Capel Curig (14-5), by Compton Warner; " Zobeide in the 
Island," from the Arabian Nights (134), by Mr. T. DaUiel; the 
Views of Nice {173], by W. Xaah, juu., another easentially 
minute achievement; a beautifully delicate glimpse of the " Arno 
at Florunce" (177), by Mr. J. C. Moore; and Four Studies on 
the Su9<>ex Coast (391), by Mr. Mogford. 

Mr. W. Beverly, the well known scene-painter, baa five charm- 
ing production!*, especially (6(i), " Burlington Fishing Boats," to 
which a powerful rival in attraction is found in (C-?), Mr. Arthur 
Severn's masterly representation of " Waves by Moonlight," one 
of the most original and extraordinarv pictures iu the exhibition, 
a remark which applies in a less degree to Mr. G. Mawloy'a 
"Interiorof an Old Barn " (211), one out of seveml welcome con- 
tributions by that akilful artisL 



THE COMPUr^SORY SALE OP LAND REQUIBED TOR 
PUBLIC UNDERTAKINGS IN ENGLAND.* 
RaUiMxys Ctautt* Contolidation Act. 
The legislative provisions relating to compensation and other 
matters which we have hitherto Iiik) under couBideratiuu apply 
equ.illy to all undertakings for which compnlaory powers to pur 
chase lands have been obtained. There are, however, other 
caiies f'jr compeasatioo which arise especially in relation to raij- 
way works. These, among other things, are provided for by 
"The Railways Clauses Conaolidation Act, 1846" (3 Vict, 
cap. 20). And this act as well as the Lands CUusea Act, is in- 
corporated in all special act« for making railways. The fojlow- 
iuK ia a summary of the provi»iona bo far as they rehite to oar 
aubject. 



156 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



rMaj 1, ia» 




Temporary u*f of Land». —The cotoiHiny raiv at any time before 
the L'xpiriLiiim uf the time liuit«<l by the spvcnit nuL fur the cuiu- 
pletinn "f the railwny, enter opon aod uae any existing privHte 
roul withiu the limits of tlavtittlun, or, if no litnita l>e preHcrib«i], 
not being more thnn '>00 yards from lliu c«uU-e liii* of railway 
(leliDontml on the plans, AnJ being a ron>i formed with atoucK or 
jrnivoll^. i^nt) "'^^ "" :\veiiu«, or h planted or ornaoiental road, 
wr no appmncti to n maiiHiuD. Befure entering npon such roads 
!h« conii>any must give twenty-one <l.iy«* notice of their iuteutioii 
to the owiieri) and occupiers of the roml and of the landii over 
which it pusaes, and state iu such uotire ttie time and pnrpoae 
f'lr which they intend to nccupy it, and also pay to the parties 
inlereslwl, either iu a growi auni or bv half-yearly inatalnienti, 
KHch compensation as may Itc agreed on, or settled by twu 
juaticeA iu caao of difference teiwcuu the parties. 

Within ten days after service of such notice by the company 
the owners and iMJctipiers, by notice iu wriltog to the ciimpany, 
niav object to the road being made use of, on the gmuud that 
Home other public or privnte rond would be more lilting to be 
utei), and thereupon such proceedings may be had as are presently 
to he described iu the case uf the temporary occupation of lands. 

At any time before the expiration of the time limited for the 
coniplolion. tbe oimpauy may, without lunLin;; any previous pay- 
ment, tender, or deposit. eni*?r upon Imids wiiliin the [trescribed 
litnita, or if no limits be proscriWd, not l>ein;r more than two 
buudrvd yanU f^'^Tu tbe ceulre line of railway ns delineated ou 
the plana, and not l)eiiig a g^rdcti, "n-'ianl, nr pliiotali"n nlmched 
ur belonging to a bouse, uur a park or Kveuue, or urouud orna- 
ujentally planted, and u«i nearer to the mnuaion4ioufle of tiie 
owner of any such lauds than tbc< prencribed distance, or if no 
distance be prescribed then not nearer than live hundred yania 
therefrom. They may occupy such lands as long as niny be 
ueoessary, and use the same for taking earth or soil therefrom, 
for depositing spoil thereon, for obtaiuiugmalenals therefrom for 
the construction and repair of the railway or fi»r the purpose of 
formiug roads thereou to or from tbe nulw.iir. They may erect 
on the ftaid lands temporary workshops, sheds, or such buildings, 
die clay, sume, gravel, &&, and m.-tnuf^cture and work any kind 
of material thereon useil iu the cuiixtruction of the railway; but 
no quarry, brickfield, or like place, soused at the time of the 
passing of the special act, cnu be taken or used by the company 
for any of these purposes. 

If auy such lands are reqnired for spoil-bsnks, sirle-cnttings, nr 
ubtaiuiug malcriids, the company before euteriug thereou (except 
iu case of accident to the railway) must give twcuty-one days* 
notice in writing to the owners atid 'it-cupiers, aridif forauy ot'tbe 
other purposes mentioned, they niuai give ten days* notice of their 
iuteutiou to enter. 

The notice must be served on the owners and ocoupiers 
persoiiallv, or left at their last known place of abode; and if tbe 
owner is absent from the kingdom nr cannot be fouud, the otitice 
must he left with the occupier for lirm, or if no occupier, Uien 
atfixed on some conspicuons jtart of the land. 

tn any case in which the tweniy-nne days* notice is required, 
the owner or occupier may within ten days object, by notice in 
writing to the coiupaoy making use of the landa, either on the 
grouud that the Unds proposed to be takmi are easeniial to be 
reluiun) by the owner, in order to the beoeGoial enjoyment of 
Millar neighbouring lauds betongiog to him, or on the gron d 
that other lauds lying coiit-ignons would be more Gttiogto be used 
by the ctimpany for uie pur»>oses indicated. 

If t<>e oDJcctii>u be made on the ground that the tfluds 
pniposvd to be lakon are essential to be retained by the owner, 
any justice may, on the application of the owner, summon the 
rs>in|»any to rvppenr before two justice*, ai a time and place to be 
mentioned in the summons, the lime not being later than the 
expinitiuri uf the twcuiy-one days' notice. On in<piiring Julo the 
truth uf the objection, the justices may order that such lauds or 
soiue part thereof shall not l»e takeu or used by tbe compimy 
wiihuut the cmseut of the owner. ' 

If the objectiou be made that other lands are more fitting to he 
used, any justice may, ou ajiplication of the owners, &c, aa 
bcfoie, summon the company anri the owners of such other lauds, 
at sonip lime not more than fourteen ilays after the application, 
or letw th.iu scvendiivs' after the service of the summoiia. 

The justices may tlieu determine summarily which of the lands 
fliiall bo used, and authorise tbe company to occupy and nsflthera 
ace -nlinglyj or they may if tlmy soe lit atljuurn the case, and 
summon before iheni ftwy other jiarty whoso lands may appear 



to them to be fitting, and aflerwardsfiaally determine whose Uuds 
fliiall bo used. 

Before fulcrinij on odv land required for spoil-banks, sid*- 
cuttingH, obtaining materials ur forming roada, the company, if 
rMpiiml by the owners or occupiern, must find two suUicieut 
fterS'Uis to enter into a bond, in a penally nf such an amount u-i 
shall be approved by a jutttice if tbe parties ditfer, and conditioned 
f>r the pnyiuent of such compenaation as may become |>ayable for J 
the UHe of the UuiU. The company must alito put up such fencefl 
and >;:ites to the lands or roads used by them as two justices may 
deem iiece*»ary. i'j case of difTereocc between the parties. 

Any lands ukcu for the pnrpoM of getting material are to b« 
workeri under the direction of the sun-oyor or agent of tlta 
owner, or, in cane of disagreement, in such Uianoer as any justice 
may direct, uu application of either party. 

In alt cases where the company enter on lauds fur the purpose . 
of making spnil-banks, or <iide-cuttingH, ur getting materials, and ' 
nt any time while the company are in poasessinn, the owners or 
occupiers (if they have not acccptea compensstion for the 
terapt'rnry occupation), may serve a notice on the company, 
requiring them to purchase their estate and interest iu the aaid | 
lands. In such uotico the inrticulars of their interest and tb* [ 
amount of claim must be setfoKh, and the company on service of] 
such notice are bound to purch.<uie tbe lands or the estate and 
interest therein of the parties so giving tbeui notice. 

When the couipauy are uol reiiuired to purchaiie the lands, it 
Ik incumbent on them, within one mouth afber entry, to pay to 
the occupier the value rif his crops or dressings, and full com* 
pensatiou for any damage cpf a temporary iialnre; and also from 
time to time during the occupation to [>ay half-yearly to the 
owner or occupier, as tbe case may require, a reut, to be fixed by 
two justices if the parties differ; and also within six mnntba 
after tbey have ceased to occupy tbe lands, and not later than . 
six mouths after tbe expiration of the time for completion of ih* 
railway, pay tn the owner or occupier, or deposit in the bank i 
aoou-ding to the circumstances, the full oompeusntion for pet^J 
maneut or other loss, damage, or injury, that may have been 
BUst»ined, and the full vulue uf all materials taken. 

In additiun to lands authurized by tlie siwcial act to be 
pulsorily taken, the conipaiiyisenipowtrred by theiUilwaysCIau 
Act to contract with any party willing to sell the same fur the 
purchase 4>f any land adj-iining or nniir to the railway, to be 
naed forextraonlinnry piirixstwn, hucIi as additional stations, yarda, 
wharves, wai*h<m«»Mi, rojida, &c.; the uumbcr of acres to be ac 
quired for these purpi>sea is limited, accordlug to ctrcunialanogM* 
by the Bpecial act. 

Miner, ^e. — A railway company are not entitled to any minee 
of oonl, iron, stone, sliiie, or other minerals under any lands par- 
cbased by them, except such as are necessary to be dog or nsed 
iu the couatruction of the works, and all such mines ami miuemla, 
unless they have beeu exprettsly purchased, are deemed to be 
excepted imiC of the oonveyaucu. There are special provisione 
with regard to the working of mines umier or near the works ofl 
the railtt'ay. If the owner or occupier desire Ui work a mine 
lying under a railway, nr within forty yarda of the same, he 
must (;ive thirty days' nulice uf bis intcotiou to the company, 
who may cause the mines tube inspecte<j, and if it appear lu tbeoa] 
that the working is likely to damage the railway, and tbey art" 
willing to |iay cinpensatioa, then Uiv owner is not to work au^ 
mines. If bef'>rc the expiration of thirty days after notice served 
the company do nwt slate their willingneBS to treat fur the pay- 
ment of^ ciimpeusatiuD, the owner may wurk the miue» iu a 
proper manner; but if any damage or obHtructiuii be occasioned 
to the railway or works by the improper woikiug of the mtnea, 
the owuer or occupier Is liable to make good such damage, or in 
default the compoiiy may make good and recover the cost by 
action at law. 

The oom)mny on giving twenty-four hours* notice in writing 
may enter and inspect tbe working of mines near or under the 
raitwny; and if improperly worked may give notice to the cwner 
or occu|iier to take proper measures or execute projwr works for 
the security of thu railway, and iu default may execute the eam«'J 
themselves, aud recover the cost from the uwnw or occupier bj 
action. 

The araunnt of purchase money or compensation payable by 
the compuuy in caxes undf>r this art is settled iu thu sante manna 
as provided for disputed oases under the Lnoda CUuflei Consoll 
datiou Act. 

(To it eoutinuti.) 
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VILLAS. BALHAM, SUBBEY. 

( With an Enffraving.] 

Tn'B subject of oar illustratioD yr\B selected, oat of aboQt fifW 
•abaiiito<l in a recent eoropelllioQ at the lovilatiou nf Mr. Edwa. 
Bjde, for the best design for a pair of gemi-detached villas, to 
coat about :ClOOU the pair, of character sailed to a superior claM of 
teoaJit. Tho plaDs show the general aocommodatioQ on the 
groaod and 6rat floors, beiDj; respectively 10 feet and 9 feet high, 

■ tn ndditiou to vbicb are two good attics in eacb bouse, 7 feet 
hi^ lo the plate of Die roof, ami 10 feftt in the clear height, 
Coiistdemhiy increased area is given to the draving-rocima b^ 
the sdditiou of ba,v and bow windows, and these rooms may he 
thrown en suite with the dining- momH by raining the large door, 
which is hung to slide up into the [lartilion above, thus avoiding 
the iucouvenieut and unsightly upoiiiug and closing uf folding- 
doora. The door is sn framed as to admit of a aecttou opening 
as an ordinary door <-f communication. . 

Tbf fronts are faced with picked stocks of dark grey tone, tne 
baods and arches over the winduws of white brick, with Box- 
ground stone springers, muIlioDS, cilia, cornices, &c^ and molded 
brick bed mold in Uie curnice and chimney caps. Taylor's patent 
browD-ware drip-band is introduced under the cills of the attic 
frlndowa, as a pnit<?ciif>n t» tlie thinner part of die wnll. The 
roob are oovercd with Taylor's patent tiles, "dolled red in the 
Idlu:" the molded eaves-gutter and tlie central dowti-pipo, which 
u of oniMtuental character, arc the inanufacturo of Messrs. 
Hacfarlane, of Beilforti-atreet, StiuDd. The architect is Mr. T. 
C. Sofby, of Bedfonl-row, London, 

Re/erene$t to Plana. 

HALF PLAJi, OBOrVD FUIOR. 



» 



A. GntraDoo porch. 

B. Han 

C. Dimngroom, H' 0" by 12' 0" 

D. Drsmu^oom, 16' 0" by 

12' V 
B. StMRiMe. 
E'. Cli«oU. 

F. Kitchen, 18' 0' by liy 0" 
r. CloioL 



G. iMdvt. 

U. Lobby. 

I. W«t«rclnsot and laratdry. 

J. Scolkry, II)' 0" by S' 0* 

K. Sink. 

L. C'opper. 

M. Cosb. 

a. Watercloset. 

O. Porch. 



HALF fLAH, riBST rLOOa. 

P.P.P. Suircssa ami Umling. 

SBsdroani, I'i' 2^^ hy iV T 
. Do. W 0' by 12' fl" 
8. Do. U' 21" tiylO'O' 



T. Bedroom. H' 0" by 10' 0' 
U. Bstb-room, i' 6 by 7' 0* 
V. Closet. 



THE AKCHITECTURAL EXHIBITION. 

The opening of this Exhibition having taken iilacc this year 
at a later period than usual, we were unable to giw^e any notice 
respecting its contents in onr last aumher, sad ss it periodically 
elosea on the 30th June, oar remarks upon it must be condensed 
within the limits of the present article, and consequently be Icsa 
diffase than under ordinary circumatauces. ITio annual con- 
versajcione and private view was held, as beretofiire, on the 
aveniug before th^' public opening, being the 2nd ult., and waa 
Ttry well attcndtvj. A brief report, as to the status of the 
exhibition, was read by one of the secretaries, showing somewhat 
of an improvement upon tliat of last year; and some well-timed 
mod jnilici.iuH remarks fell from tho chfdrman, Mr Bei-ciford 
Hope, the newly elected President of the Koyal Institute of 
British Afcbilects, and fmm other gentlemen. 

With lif ArcliitecturAl Exhibition is this year associated, in 
A separate room, that of the "Photographic Society,^ embracing 
• highly important series of illustratiyns of that art iu various 
Ibrma, und especially B<»mB new developments iu iu productions, 
from the experieucvd hands of Bedford, Thompson, Cuudell and 
Downes, lEobinaon, England, V. BI.-inch.i,ril, and others. The 
p4iot«grapbM, ukeu from life, of the animals in the Zoological 
Gardens, by Mr. Haea, of the Haymarket, form an attnicUve 
oolleclioii. 

As regards the total number of conti-ibutiotu to this Arcbi- 
tootttral Exhibition, we observe that it is almost precisely the 
•uae as to the last, both in reference to the pictures, and to the 
objwis iu the department of Practical Art, there being 400 in the 
foiiDer, and 38 in the latter. A glance round the rooms will 
diacover, u uoticeable, a greater variety of subject and a higher 
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standard generally in the detailing of the better class of works*' 
This Bp>-'uial advance is to he found, as might be expected, among 
tbe junior members of the profession — mou who allow study and 
experience to go hand-in- hand, and are not slow to avail them- 
selves of the facilities, everywhere so abundantly afforded in this 
age of progress. We cannot but note, however, a certain tend- 
ing to exaggeration, not so much in the way of the general 
outline of new buildings, as iu sundry phases of their details, 
more particularly, perhaps, in the way th»t colour is introduced, 
be it in the 8lia|>e of constructive materials, or superadded deco- 
ration. To apply a now well-kunwn and expressive word, it is 
too "sensational;" a striving after, and gaining ton, a degree of 
novelty in effect, not always l>y the most tliouglitfnl and legiti- 
mate means. This tendency to an extreme, little dreamt of a 
few ye^irs ago, should unquesliouabty be cbbcked, otherwise ar- 
chitecture, proper, loses its position, find art is no more art. 
There is also an evident increase in the tendencv to pruduclne 
ad eaptandum, rather than purely architectura] drawing, which 
by how much they represent things in an artiBciaE or conveu- 
tional manner, by so much they detract from their purity and 
real ralae. Thus, give a Dumber of artistic di-anghtsmen or 
oolouriste the same outline to work npun and flniah, and what an 
amusing variety of interpretation would be the reauli, One 
would Jhow all the varieties of positive colour; another would 
deal ouly with grand masses of light and sluide; a Ihinl would 
deviite hi» chief care to picking out and claburating details; a 
fourth wuutd choose the fanciful pen-aud-ink style, with strong 
back-lines and weatber-stains, which has of late been so mneo 
patronised; while but a very fuw wtiuld oiutent themselvea with 
the anoophisiicated outline as practised a century ago, in which 
tbe shadows aie simply washed iu with a light tint uf sepia or 
india-iok. We advocate, not a return to auch utter crudities as 
these lost, wbicli, though more satisfactory to a thoroughly ex- 
perienced eye, are as far from conveying a correct impression to 
the less initiated, ax are 8ont.> of the other metliods to which we 
have referred. 

The first drawing on the walla, hy Mr. W. Harvey, may be 
referred to iu connocti^^u with a subsequent one (326) by Mr. 
Kerr. Both represent designs for the new buildiiigsandmuseuaa 
at South Kensington, the tatter being, aa our readci-s will re- 
member, a pruiniate<l oue, bore shown in the gonend ele\'ation 
only, which, in spite uf uiu>.-h that in decidedly outre- in Hnnie 
IMTta, as a whole is marked by cuu^iderable dignity and gran- 
deur. Like that Just mentiuued, Mr. Harvey's is Italian in style, 
ftn<t in its oorapusiiiou the critic will detect gleHniugH from 
variotis already executed foreigu works; and though these are 
cleverly interwoven, the force and originality which such a com- 
position would otherwise present are proportionately lost. Equally 
DOtioeable, but more original, is Mr. F. P. Cockerell'sdesiga sub- 
mitted iu the same competition, here represented by a portion of 
tho elevation (87), and a perspective view (88). Tbe style id 
which these drawings are prepared is in itself peculiar, being 
done on n d.irk grey paper, with the high lights brought out in 
body white. Tho whole effect is ghioniy and unattractive, and 
thus its many meritorious points are likely to be overlooked. 
Mr. Porter, too, is an exhibitor (li3) of a design for the same 
public building. 

In No. 6, Mr. Digby Wyatt gives a group of 19 original 
sketcben for teiraco gurden-worka at Caaile Ashby, chiedy studies 
for the nrrangement of steps and balu-itradea, and carefully 
designed iu keeping with tbe fine old niAneion. Mr. Wyatt alio 
gives {115 — 120) a tolerably perfect set of goueral working draw- 
ings for a mansion, lodges, oc, to be ereoletl at Norwood, which 
fives promise of a very oonventeul and aatisfactory-luoking 
otlding. The Chester Town-hall competition is represented 
partially by several of tbe candidates, the first on the list being 
by Messrs. Hay. We are sorry we cannot compliment the 
authors of this design, which is at best but a feeble eflurt iu 
Gotbictsed Italian. The ceiling to the great hall is perfectly 
flat, Hud arranged tn shallow oblong panels of tbe poorest de- 
Bcriptiou, while the details siiuwn on the drawing furthe pHucipal 
staiixMse are quite out of character. Mr. Taaker has prepared 
SD exoelleot h.itf-tiiubered house for Mr. Birket Foster, of which 
numerous illustrations are given (13 and 61). These are given 
in photography. — "The Dining hall at Shadwell Court," for Sir 
R, J. Buxton, by Mr. Teuton (14) is, like every otlier work of 
tho same author's, quite sui generii. His several other drawings 
on the woIIh are a« much beyond sober criticism as this is. In- 
dividuality and a degree of pictureeqnenese they may claim, but 
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thU i« at the aacrifiee of oearlj every other medium of orUiodoxy, 
ao far as tbu receiv^J caaoDS of arC an eoneeraed. 

The seveu beautiful drnwin^ (16 — 82) by Mr. Bloratield, will 
ooDVsy pretty avcuratcty tfa« miuutilD aa 'wcll aa geoer&l coo- 
ceptton of Ilia ulaborato deaixu for tlie Orocer'a EDill, LoDiloo, — 
anbmitied In the recent setect competitioD for ita rebuilding. It 
may be reiaembered that a hiiaJsoiiie premiaoi was bssLowed qd 
each nf the ^eutlemen who aent io, but that no design was 
eventually chosen. That by Mr. Blomfietd, which U the only 
one ou the walla of the professedly Architectural Exbibttiou, 
tbongh two others are in |»rt repreaeuted in the Royal Academy, 
ia founded ou strictly Medinral examples^ beiug more nervile iu 
its features than the ioTentire hkill of the authur usually allowa. 
Wbiiro he has trusted moat to bimaelf he appeon to have been 
moat sucoeaafol. It is therefore a matter for regret that he has 
■o closely followed much of that type of architecture whicli haa 
been ao ably interpreted by M. Vial]et-le-Duc,and other aulhors. 
The site was a most awkward one, but in thia the availableueaa 
of Gottiic prineiplea waa aapecially oppareut, a fact greatly to 
the advantage of Mr. Blomfield, M.r. Scott, and other architects 
of that fltamp. The least happy part of the conception ia the 
front elevatiuu towards Priucea-btreet, which seems to want 
greater dit^uily of form and unity in composition. The interior 
of the great ball shows a fine room, with aa elaborate open- 
timbered ceiling, or roof, for such it eertainly is, the decorations 
of which are highly etabomted, without being unduly prominent 

Mr. W, White's contributions invariably are of the most 
unobtrusive kind, so far as delineation is concerned, bat there ia 
uauatlv much satisfactory study evinced, eapeciidly iti the plana. 
Mr. White ia of the severely Gothic tichool, and bia etpvatiuua 
partake of thia element, and there is in them & certaiu awkward 
look of extra quaiutuesa to which it is difficult to tLsseut. The 
several works by this genilemao tii he fuutid on the walls will 
bear out our meaning. In a totally different stylo runs the 
current of Mr. Owen Junes* ideas (ns need scarcely be rem.irked), 
with him colour ia the e-weutial, and he haa done good service to 
this branch of art in various ways. We liRVt» now before oa 
(2d, 30) the dcoorations fi>r the Chinese and Indian courte of the 
Soath Kenuingtou Museum, showing the main arcade, and a 
portion of window and wall surface. Id these, green aud red 
tinta are employed for the ground work, but f-tr the spandrel 
epaces, and upper part, a rich hut quiet scroll dia]>er is super- 
added with good effect. Four large dmwingaexhihit Mr. l(r>lmea* 
aooepted design for the new Moaooic HatI aud Club, Birmingham; 
abyno means prepoaaeesirg looking affitir, and which certainly 
has Dot received much embellishment at the hamid of either 
draiightamai) or artist, TIte aiime m:iy be uhnervi^d nupeotiag 
Mr. Uolnies' New Union Club, Biriuiugham, (20), here shown 
as the w-coud premiati^ design. It ia refreshing, therefore, to 
turn to Mr. £. B. Lamb's Italian designs, which are idways dis- 
tiiiguisbAhie for their genuine appreciation a^ to style, aud a 
delijL^htfuI iuvenlivvue»8 na to cr>mpot.ltiou. lu no design of his, 
that we coil remember, are llieK qafJitles more displayed than 
ID that for the Ipswich Town Hall, characluriaed »l once by 
great simplicity of pari^ and txildneas of miusiug. The deeply 
reoeased euti-auce, with its sculptured panels along the sides, ia 
a very effective fejtiure. Mr. Lamb's interpretatiun of Gothic ia 
less sucoessful; witness, the uhiji*ch now bemg erected by him at 
Kentiah Town, aud here shown (.13), by a M-e»t elevation. 
Mr. PuUeo's design for a Town Church claims .'Vttfiitiun as much 
for its gloiiray aajtect aa for ita i^eculiar achume, which Appcan 
inteudctl niuiuly io providesurfacee of mural decoratiuu, partially 
relieved by the dim i-eligious li^ht of a few stained glaaa 
windows. Mr. Goldie seutji* several clover Gothic dealgns, prin- 
cipally for churches, Uiat (^r aconventat Cork buitig the moat 
efTeciive. In one f^tr AtHU(;don {50), a. bell-turret in &hown at 
the West-end, which would uotappear tube ailequiitely supported. 
The interior of the church of the Auatin-KriarH, Lnndfin, waa 
completely di)8troye<l by fire some time since, and it wsa tliougbt 
that the whole of the fiihric must bo rebuilt. Thauka, however, 
to the zeal of the archrcologist^, who took up the mntter warmly, 
the ancient walls have been left atuuding, aud the scheme of 
re-builJiug was merged into one of reetornliuii, the architucta 
bciog Mt:»srs. TAusoa aud Lightly. The whole of theaccummo- 
datiou ia jirovided for in the nave, which is inclosed by oak 
wireen-work of aomewhat poor design, uor do the fittings 
geuemlly appear so well dasiguixl as they might liavs been for 
such a build iug. 

In the ulaat of pen-aod-ink drawioga there is nothing ia the 



exhibition which can boor naming witli those by Mr. Norman 
Shaw, for the proposed new Exchange at Bradford. Good aa i 
were thnae by Mr. Blomfield, already noticed, these dectdedljj 
eclipse them; and jvithout altogether eudoning the ultra-meditt-j 
valiam and eccentricity of some of the fuiLures, thture iadiitplayedi 
a maatery of conception and power of dellueation of no uummoal 
order. The binlVeye viuw, in particular, eiempUQes this. Th^l 
well-known sketching and artistic ptiwent uf Mr. Piitilareagait|,J 
shown iu several continental aud LIngliah views, roughly anill 
hastily executed, no doubt, but coulaiuing all the esaeultaU of] 
truthful and effective expreestou. Messrs. Slater aud Carpeut«r|l 
show an elevation of their design for the Scotch Kationol Memo-/ 
rial to the late Prince Conaort, of whicli a perspective view 
appears in the Boy al Academy. It partakes of the "shriua" 
character, reminding one of tliat now beiug rearnl in Hyde Park 
for the same object, to which, however, it must decidedly yield tho 
palm. Many have beuu the achemea for either altering or re- 
building the old church at Cheltcuhani, and some Lime ago Ilia 
questiou was laid open to public compciition, when the first 
premium was awarded to Mr. C. H. Coolte, who now sends two 
of the perspective views. One of the moat remarkable features 
uf t.he church is a large ''rose" window, whose pnMeut (jositioa 
offers Boote difficulty to enlarging the pUn. It is therefore pro- 
posed to reiutroduce this in the west gable of a second north 
aisle. The Lofty tower and apire would remain as now. 

Aa good apecimeua of "medal" drawings, we may refer to 
those by Mr. T. H. Wataou, for an oaylum to accowmodata 
tweuty-6ve pensioners (lOS-112) to which the Soaue ai^dUioo 
waa awarded by the Institute of British Architects last year. 
Mr. Currey and Measrs. Penrose and Goodcbild forward some of 
their oorapetitiori drawings for the Grocers' Hall, the former 
being of Italian character, freely rendered, aud the Utter a Very . 
common-place production of the same school NciUier of then ' 
ia so ideutitied in exprejaiou as it might havu been with ita 
intended purpone. 

Christ Church, Ashford, by Mr. Hubert Austin ia the aacoesa- j 
ful result of a competition, and shown iu a clever exterior andj^ 
iuteriiir view in pen-and-ink. The siyle ia Early Pointed, tha 
character throughout snuplt- aud well arrani^i-d. All daiiils*, 
Windtwr (137), is shown by tlie architect, Mr, Blomfieldr aa 
intended to be completed, and is a very satisfactory Gothic 
Heaign, with some novel features. The atteution bestowed oa 
domestic buildings of the simpleht kind ia evidenced in varioni" 
ways, and the Society of Arts have issued a wtfllnligested code o| 
particulars for the guidance of their designers. In aucorilanoe 
with these Mr. Snell has prepared a good working design, which 
is ahowu iu(140, 146). Much of the comfort to be gained in such 
dwellings dependsi on iha judicious arrangement of the doors, 
with respect to the Sreplnoes, aud thLt in n point which Hcoma to 
have been well attended tn. So also Mr. C. N. Beozh-y, iu (376) 
gives ilniwiuga of other suitable workti of the aame kiud. Wa 
may, in passing, refer to the clever design for the Farnhau 
Town Rill and Market House, (153, 155, 103} by Messrs. Pen-* 
fold anil Nurmau Shnw; as a worthy penditut to that by tfai^, 
latter geatl-.-mau which wu have already described, a drawing- ' 
of the building as beiug erected in ahoa'U by the arcliilecl, Mr. 
E. W. Turu. iu (^66). Some time aince, the curious aud very 
perfect gateway uf 8t. Gileii' in the Fields was swtfpiaway, iu a 
quietf and, ao fur o^ wo know, ujiuecesKary ;uauner, and it is not 
generitlty knowu what, bos become of the almost unique speci- 
men of ancient oirviug for which ii. wn« particuUily not«d. 
Like the only other tumilar instance with whicli we are ao^J 
qiiitioteil, that at St. Stephen's, CuLi.-mnu-atrL'el, it rupreatentad^ 
the Ri'tiurrectiou, aud was a very 6ne specimeu of tlie art at 
ihrtt period, a cfiitury or mure a^u. Iu (Ibl) Mr. Ayling ex- 
hibits a phutfjgraijh uf the former, which will therefuix b« viewed 
with interest. 'Ihe original is cai-vcd in wood. Mr. Whicbconl, 
whoso experience in hoteM>uiMing has now become considerabta 
shows (ld|S) the Sablouiere Hotel, in Leicester-a'^uaie, aa pn 
poeed to be erect«d, or rather rt!Ui*>delled, fur the Foreign Jloti 
Company (li™l(^)> ^"^ ^^ "uh regroi that luuru ilntwings ar 
uot included, so aa to give the oppurtuuity for belter aixiviug i 
a couceptiou of ihe whole design. 

A revival of the Liverpuot Exchange c('m|>etitiou ocoars in tba^ 
beautiful and carefully nLudittd design by Mr. J. K. Col- 
ling, exhibited by four of the principal dniwings. If wa 
remember rightly, the impreaiiion made by this design at tba 
time was oonsiiienihle, (though it junl escnpei) one of tha 
premiums,} inasmuch as its author bad so well weighed tba 
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dtflennt circumetMicea of Uie caae, and li&J so coiiftcteatiously 
adhered to the prescribed inatructioDS of the committer. The 
I interior viev of tne Newe^ Hoom, (11)6) ma^ be cited as a apecimeD 
I of careful perspective deliueatioo. Mr. TrueBtt, iu (211-21S) 
Iteoda, US heretofore, dr&wiuj:« of a series of doiue«tit: resldeuces, 
bto which be haa b«ea nrcIiJtect, aod of which, wl-.eu wt; iitmte 
Ithat they eviuce his usual skill iu dealing with inexpensive 
E'liut«rtJiU, and making the most of simple picturesque formti, wu 
lliare said aa much as onr space will allow. Mr. G. E. Street's 
IwDgle drawing (218), the interior of his uew chnrcli nt Torquay, 
llboagb veil represented, lacks that force which distiiiguishea 
ImoK of his works, aod is ao far a drawback to the effect of a 
I really very masterly design. 

I The curious old Mnuar-liouseat fjiwer Walterstoo, near Dor- 

|di«st«r, one of the relics of the Jacobfean era, having suffered by 

lfr«, has been restored by Mr. R H. Shout, at the e:ipcnse of the 

' Kui of Ilcbester, and is shown in its present state iu (222, 236) 

Mr. t)riv<>r, in his view of the "viaduct and roof wall" of the 

LoDdoD. Brif^blon, and South Coast Railway Couiptiny's Lundon- 

Ibrtdee statiitu enlargement, has ctenrly showu the clever engi- 

IneenDg work of Mr. F. D. Bannii^tcr. In (230) we have Mr. 

~orby'« perspective view of his cleverly designed New Town-hall 

fat Bromley (which has already appeared as an illuitrutinn in our 

I Journal), and also a view of the old Town<halt, now pulled down. 

|Tb« «ame architeet aiao showa drawings of sod)> netni-detache^l 

I Tillaa at Peterborough, which <Usplay many good features; also of 

I tbe chapels at Harrow Cemetery, which are less satisfactory. As a 

Ivpecimea of noveltv and good taste in domestic work, the honae 

taraoted in 1863 at Harrow, for «ue of thcmaslern of the school, 

1 J—rves special notice, ihoagh it is hviv ouly represented by a 

Kamallpbotograph. The architect is Mr. C. Forstcr Hayward. 

Mr. HAywnrd nlito exbihita (^C4) a masterly design fur re-fmuk- 

ing the Bell Hotel at Glouceater, in tlie Goihic style. Two 

areful drawings (272, S€2) showing details of the Mosaic pave- 

[neot in Trinity Cbnpel, Canterbury Cathedral, have been prepared 

' by Mr. Judge, and are worthy companif<iis to others of tbe aame 

nature which he has exhibited on former occasions. 

Aiuuug tbe few subjects of sculi>ture which tind a place on tha 

waJIs, are some by Mr. Boultou, of Worcester, and an exquisite 

panel for the "Thomas Memorial," in Llandnff* Cathedral, 

[dpsi^ed by Mr. H. Armstead, and representing the " Judgment 

' ef Solomou." Another iiancl, illnntrntitig the " Delivery of the 

Law," is given iu (27A), while (274) shows the completed design 

fcr the tonih, by the architect, Mr. J. Pricbard. Wyggcaion'a 

New HospiVitl, t-«ice8ler, liris been the subject of a recent and mach 

Taxed ouuipelitiou, fur the adjudication of which a professional 

ifenllemaa was apecinlly employed, who submitted his re(>urt and 

imade bis awards accordincly. Much to the chagrin, however, 

I of tbe parti«6 thus singled out, and without any snfficient ex- 

iplauation being given, so far as we nro an*aTe, this award baa 

^oeao virtuatly set aside; the commission for the work having 

Itwca g^Ten to an oaiaidcr, who was not even placed; and this 

fftuooewU design is shown in (273, 346). Knowing nothing 

vhaterer of the other deugos, we are unable to institute a com- 

^mriaoD, but much of the good effect of the drawings before as 

la Qiiduiibtedly attributable to the able style in which they are got 

op, aad especially in the ouloaring. 

The Architectural Publication Society contributes (314) its 
swuU quota of selections from its lithogrnpha, which have been 
very well executed by Messrs. Kell. Some of the subjects, more- 
aver, are of unusual interest. The four elevations of Creat 
IVaroioatb Cbnrch show to advantage the peculiar features of 
. ~ at noble building, aud its successful alterations and restoration 
|m the hands of Mr. J. P. Seddun. Mr. Secldon exhibits also 
ereral oiher works, iududinE designs for Uoaaes, Furniture, 
aud Eucaimtic tiles. In (337) Mr. Norman Shaw gives a view of 
part of the new dining-room, and the detiils of a plaster ceiling 
«t Willesley Huii'*e. Kent, erected from hJR designs, and respect- 
llng whioh he stales: — "This ceiling is executed id plaster, lined 
i&d stamped whilst wet. It was almost entirely done by two 
oantry brieslayers, to whom the work was new, and who had 
ertr even seen any of it before. Details were sent to them, 
awn in pencil to an inch scale, in the ordinary way, and, with 
'rery little direction, they set out the varions fiyures full size, ati<l 
marked ail the pattertui with a precision and character most 
Tvmnrkable. This drawing is exhibited simply for tbe purpose 
of abowing that a considerable amount of ornament may be 
obtained by using the oommoueat materials, and by employing 
local Ubour." 



The attention paid to embroidery, of late, has prodoco>i some 
excellent results, and there is very satisfactory evidence of this in 
(344) the altar frontfll for the RndcliffelnfirmnryChafwl at Oxford, 
desiguod by Mr. A. W. Biomfield, and executed by Messrs. F. 
Smith and Co., in which the prominent colours nf greeu au<l 
crimson are tastefully relieved by delicate forms and tints. Other 
specimens, manufactured by the same parties, will Ixt found in 
(309), while (400) shows yet another good specimen, designed by 
Mr. W. H. Hendry aud executed by Mr. Helbrouuer. Of the 
"decoration" of the Reredoa at Eton College Chapel, executed 
by Messrs. Harland and Fisher, under the direction of the archi- 
tect, Mr. Woodyor, and shown in (351), we do not form so favour- 
able an impression; the fault boins more in the general arranga- 
mout of the design than in the detail nf its porta. The aame 
remark applies to theirsindlar work at Worcester College Chapel, 
Ozfonl, dcsi|{ued by tlie urchitect Mr. Burges (.327, 331;, embi-ac- 
iug the whole surfaces of the walls and ceiling. Mr. ,7. Drayton 
WTvati exhibita (26a) a view of the new church recently con- 
secrated at Hilliugdoii, iu which the archilecl, Mr. Scott, has 
iutroduoed much sucoHS«ful variety in tliedtisigij; aud also in 
(363), ao effective pen-and-ink drawing of the ancient Lich-gate 
iu Heston churchyanl, Middlesex. The A»;hitectund Associa- 
tion forward, nA usual, a series of "sketches," contributed by its 
class of design duiiug the past session, marking a gratifviog 
advance in edut-attrd Liste, com|>ared with earlier selections; 
though there is much yet to be studied, aud, perha|«, quite as 
much to curb, before many of such paper expenmenta are fit to 
become realities. But the tendency is a hopeful one. 

With a reff^reuce to the painstaking handiwork of Mr. C. K. 
Tliwaite,iu producing the bcuiutiful cardboard models of churches 
and houses shown iu (391-390), and his equally sncccHsful 
plaster model of Kettering ('huroh (390), we must close the 
present notice, with some regret that fur the reason stated at the 
outset we have been compeltiiNi to omit making any altuaion to 
some things that we should otherwise have been glad to have 
brought under notice; aud have almost wholly passed over the 
numerous copies of ohl buildings, and certain of the less Important 
modem ones. This may jx-rhaiM give au additional stimulus for 
our readers to visit the exhibition for themselves, aud if they 
are wise they will avail themselves of the seasou-ticket, 
which, at the ulmoac nominal price of Imlf-a-crown, will admit at 
all times to the exhibition, aud also to tbe evening lectures. 
Tha subjects and dates of the latter yet remaining to be deliver«d 
are as follows: — June 6, *' An architect's thoughts," by Mr. R 
B. Lamb; aud June 13th, "On art foliage," by Dr. Christopher 
I>reas«r, while for the 20lh a cunversaxioue is announced, which 
will probably, tVom its extra attraciious, as contemplated, bring 
utgutber a large assemblage of visitors. The exhibition will 
terminate oo the 30th inst. 



In oonsequenoe nf the length of this notice, our remarks upon 
the Royal Academy Exhibition are necessarily postponed until 
oar next issue. 

TUK DOE PARK RESERVOIR, BRADFORD. 

Ik this Jouroal for April last, some particulars of the Doe 
Park Reservoir of the Bradford Waterworks Company were 
given, and also Mr. J. F. Batemsu's re[>ort thereon. Since that 
date theadjouraed application foraoertiQoate of the complstion 
of the reservoir has Iweu granted hy the West Hitting magistratca. 
Ou bringing this application bufore the magistrates the town 
clerk reuiind'*d ihem that, in February last, they hail pn8t|)oned 
their deciBLoD for two mouths. In mentioning the conclusion to 
which they h:id come, they alluded toa [Mtssage in Mr. Batoman's 
rpiKirt, where he expressed au opinion that the reservoir had not 
had lime to be satisfactorily tested. The intsrvening season had 
been oue peculiarly favourable to a severe test There ba<l been 
a very long frost, whioh broke np shortly afUr the day of the 
adjotirnmeut, accompanied by heavy rniu, and which resulted ia 
a com«iilenible flood flowtue over the waste weir of the reservoir. 
The reservoir had stood this severe teat without any increase in 
the runs of winter beyond what won clearly due to the surface 
water. Tbe wnttr was then drawn off, iu onler to ease the valves 
a little, aud aince llml time the reservoir had been kept just 
running over. Oue of the valves had been kept working every 
day until a few davs ago, and they were now in perfect working 
order, and capabfe of being drawn up by one man in five 
minntei. 



160 



THE CIVTL KNOINKEK AND ARCHTTECTS JOURNAL. 



lJn» I, iNt 



I 



Mr. A. W. P«rry, chief clerk in the buroogtt aurveyor'a office, 
took cbargQ of the roMrvoir ou the 23rd February l.<ut, and had 
gauged the varioiu Qowi of water. Tliat on the wett "i'te 
meuured fths of au iucli tbruii^h a 12-iDch Doich oq March 31, 
and luul gradually iDcreaM-O hukw then. On the inoruiiig of 
April 10th it measured l;j iuchea thruiij^li n 6-iuch notch, and it 
aow meaBUicd 1^ iuch. Ou the fuiiru'vuih thero were nine houm' 
rain. The flow ou the oast side measured gtfas r>r nn inch ou the 
23ril FL-brimry, and ou Monday la«t it nieasunil ^iha of an inch. 
— Mr. J. k\ Bawiuau, C.E., had examiued ilie reaorToir. Taking 
tlie whole reeervuir togntlier, the Btat« of IbJu^ wa> as nenrty aa 
pOMihle what it waa ou the 27th January. The upiiiiou which 
lie then expressed in hi^ report he muKt a^niD express; he con- 
aidered the reaervuir i^uiie safe and complete, and the ruua of 
wAtcr of no im[>uriaDce aa regarded tbe unefuluees of the reser- 
voir lor the purposes for which it is adapted.— A Mapnirate: In 
your report of the 8th February, you say, " Still ibe work of re- 
jvaratiou baa bcAi very rapidly executed, ami though everything 
at preseot iudicate« Hocuriiy, llieru hns hardly yet boeu su£cioot 
time for (lerfect conatdidatioii and satiafactory teat." Ooyoo now 
think tlien; hua beeu Bofficient time I — Mr. Batemau: I tbiuk 
that the nearly three moutiiH which have elapuvd have beeu a 
Mttafacbiry ipaL The wurk reoiainis, aa far an I could dftect, iu 
a aalUfaciury atiite. There has been no setilemeut in the em- 
baukiueut, uo disojlntirtttiuti of the water that did not occur nu 
the il7tb of JbUuiry, iid freali leak brukeu out, and ooiucreaM iu 
the leakftjiu. The leakagua or runs of water do ant affect the 
eafely of the reaervuir iu their present cooditiou; and I do not 
oooaider there is any danger at all — Mr. Leather, C.E., Mr. 
Booke, C.E., and Mr. Qott, the boroagh aarvayor, gave evidence 
to the saiue effect. 

NEW WATER SUPPLY FOE CALCUTTA. 

A scbenie for the supply of water to Calcutta, involving an 
expenditure of aixty lakhs of rupees, has recently been sanctioned 
by the uutboritioii. The tuaiu Ioaturi^« of the undertakiue aro 
aa follow; the water Is to be taken from tbe river at Pultah, 
16^ mites from Calcutta, and to be pumped up twice 
iu the day duriug five boura al each period oi low-w«ter. It will 
be conveyed by the river water aqceduct to the settltni; 
tanks, wbeni it will retoain qoieacent for a period of 3(i hours, 
niter which it will be drawn off from the surface into the 6tter, 
from which it will be cuuveyol by a brick conduit (capnble of 
conveying by a cuustautly ruuuiug stream 9,000,000 gallons per 
twenty-four hours) laid along tbe side of the Barrackpore-road, 
66,600 feet in length, and at au incliuatiou of \ in A00i>, tu 
TaJloh, on tlie Circular Cartnl, where the water will he received 
in a covered reaervoir, with u cajxicity of 8,01)0,000 gallons. 
Hero three 50 horae-pHiwer engines will bu erecteil for the pur- 
poM) of Uftiu^ the water to a sufficient hei|{ht to distrihuu* 
3,000.000 of gallons iu the uurtliurn division nf the towu during 
the day time, and .3,000,000 of gallons in the niglit into a covered 
reaervuir in Weltitigtou-sqnarp. Adjacent to NVeilingtnn-aijunre, 
engines will be erected to distribute wiiivr under u pressure of 
lUO feel, to the European .ind mercantile portion of the com- 
munity and to the shippiog. Vfitn Tallah the wat^r will be 
conveyed into the towu by pipfj of vatioua sizes aconliug to the 
re(|uiremeut« of tbe various dtvidious. Tbe total ten^jih of pif>ea 
to be laid will be raiber more than 52 miles. The total coMt of 
tbe water aa delivered in Calcutta will be about one rupee per 
3000 gHtlous. This elnborxte and comprohenKive Hcheme for the 
water Hiipply of Calcutta, ia tbe deaigu uf Mr. William Clark, ihe 
«Dg)oeer to tbe municipality. 



AECHITECTURE IN MANCHESTER. 

fCcfUinue^I from page 130.^ 

BsroRB noticing the chief placaa of public worship in Man- 
eheeter and ita ooutlguoua borough — Salforti— attention may well 
l»0 calletl to a few other commercial buildings, that indicate the 
proueuess of the ciiizena to call in the aid of the architi'ct, and 
iDveat even their commonest commercial buildings with such 
architectural character as they lire ca|wihle <if. .Shop 5'outiapiecea 
of good design are to be met with in most Kuglish towns; and 
in Saint Anne'ssquaro, in this city, some elegant shops hare 
been erect*^! from the designs of Mr. Breakapear; bnt uot every 
town can Uost of a well-designed brewer}*; yetin the neighbour- 
hood of Ureenheys and Moes^ide, Mauchester, may be seea 



thr«e vast breweries built of bomeiy red brick, and by no m«uil| 
overlaid with oroamentatinn, which strike the attention of tbdj 
imsser by, telliug hiiu by thctr very outline and combination of] 
parta, that the pencil of tbe architect has dictated their fornif 
and proportions. It is tbe same with a sugar reliuery iu Uu[ma«1 
by Mr. WaterhuuiHi; a drawing uf which we rernvmbcr to haT«| 
seen in Conduit-street; and in the Leaf-street Baths aod Waih-I 
houses, designed by Mr. Worthiugtim. Tliiy is aa it should bel 
with our English towns. Hardly does any builJiott in this citT [ 
stfirt up without the anggeetiug peucil of tbe architect; of which J 
it is uot too much to aay, 

"Onai, qwrf Mtglt, cnis*it.* 
Would that one could say as much for the buildiost of London. 
The offices of the Manchester Workhouse Executivn, to 
Cooper-street, daim a word of c<>mmeDdalion. This is a imaUl 
but lofty edifice of "stock briukwork'* with stone dre«sing%J 
designed, we believe, by Mr. Breakspear. Tbe style is Italiaaj 
astylar, and the proportions aod details all carefully worked out 
witli singular delicacy nod refinement. The desiguer whs evi- 
dently master of the style of architecture be had cbcMn,and the 
result is a very pleasing street facade, neither tame nor yet 
eccentric iu its parts. 

The villa rosidencen around Manchester and the many manu- 
facturing towns in its neighbourhood, offer far too extended b 
theme for our critiiiue. A toor round tbe favourite eouutry 
spots, such as Didahnry, Cheadle, Bowden, Aiderley, WhalleyJ 
llange, Weaate, Pendlebury, and Prestwich, would give the 
visitor aooie idea of tlje weslih of the priuciiwil citizens, aod of 
the pride they take in a well-buih mansion and well-kept grounds. 
Like the t>an*ka and warehouses in i)te city Itself, these residence* 
have all the local peculiarity, already adverted to, of being the 
works of profetfsional architects, and, at the aame time, durabltkd 
Btroctures faced wholly with atone, or with the most coatlyT 
brick, relieve<l with atone drcsaings. Hnrdly anvwhere is a villiH 
of any pretension to be met with, faced with miserable oumpc^* 
or " designed" by some Bpeculatiug tmdeaman, as is unhappily 
the case — or rather the rule — in tbe far lovelier spots aboni 
London, such aa Riimcs, Richmond, Sydenham, Hampstead, and 
Higligalo, where, alaa, everything In the shape of building ia oo- 
aubsiiiutial aod ephemeral: either dropping to pieces for want 
of paint, or nndergciug a perennial process of colouring and 
painting. So that at nu one time can a landscape painter £od 
a rural spot in Middlesex (rich thongli it he in rund beauty), 
upon which s'^me spick-and-span new conipn gaie-plers, just 
uewly *' heauiilie<l an I done up," or souie crumbling, blacfceoad 
compo " front," In betpleas wrack and ruin, still-born, premature 
and gliaatly, does not stare out of the picture before him, and 
assert its harsh, crude, offensive nni;enlity. Oh, for sntne good 
moilern Augustus to rid us poor Lnndnncrs of our nhort leases, 
aod procure us a decent mnterinl to build with, and architects 
to dt;Bign nur rural dwt-lliugs. It is bad eooogb to have ali compo 
and no arvhitect fur our street edifices; but to put up with the 
preacription in the lovely village scenery about Middlesex, Kent, 
and Surrey, ia hanl for flesh and blood to endu)-e ! It is at least 
so to those who know that, to find good English architecture a 
man must not confine his researches to tbe Metro|)oliB, and ita 
lovely, pictureacjue, Ruburb;iii neighttourhood. Tliere is nothing 
about Manchester tu vie with the b:mka of tbe Thames; bnt 
Bowden aod Aiderley, in Cheshire, atford the citizens a tolerable 
substitute fur the Cockney's Bichmond Hill: Aiderley just now 
being the more favourite spot. It lies on the main line of the 
North-Western Railway. We would advise the architectural 
tourist to make a lew hours' stay there, ascend tbe hill to 
Aiderley Edge, aud make an inspectiuu ot the villa reudeocts 
upon iL Some of these, designed by Mr. Crowtber, of Mau- 
cbealer, will realiiw tlie juslicv of our comparutoua between towu 
and country housebuilding. We were particularly pleawd with 
a large villa designed by ilie architect JuHt miinuoned, who has 
very successfully adopted the expedient of wholly facing the 
oQtur wa1](( witli heailer bricks. The material employed is tbe 
local re>il brick, the euils of which, beiuff better burned than tbe 
sides, have a pink, or rather reddish grey tooe, which 
harmooisea well with tbe dark browu roof tUc«, aud the redundant 
foliage of the surronodiog omameotal grouods. Here t^jo are 
some well-desigoed residences, wholly faced witli aahlar; and 
everywheru one aeea good sightly masonry employed iu terrace 
walls, fences, gate piers, &c. " Mr. Compo" has happily no foot- 
ing at Aiderley Edge. Before quilling Aiderley we shouhi 
mention the large chorch and schools, built also under Mr. 
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Crowther'a direction; and the Wealesrin Chapel, under lliat of 

r ALnars. Hayley and Son, of Mancfae8t«r, The church is a middle 

r pointed edi6ce, very vorrecb in au ecclesiulogical MDie, and com- 

[po9«d f>triett_v en rwglt with those antique details ita architect 

laaa ao Laudihiy stadied. It 19, however, au early work of bia; 

and, though a 6iic clmreb, not e<']ual to others he has since built 

in and about Mancheeter The Waaleyan Chapel (or "church") 

is a remarkably tiue edifice, built wholly of atoDe, on an elevated 

J fite, with nave, trauaepta aud qoasi-chaucel, with its windowa 

I alt filled with painted glass, and baviDg a clock-tower and spiro 

' Bome 120 feet high. The style of architecture ia decorated 

I Gothic, and the strticture, which ia aaid to have nceeaaitated the 

I flapping of the before mentioned AuiifHcno edi6ae with ita long 

[^esideratedapiretdoeagntatgreditto the liberality of the Wealeyan 

]bodr. 

We will conclude this arUcle with some notice of the recently 
[ built placea of worship in and about Manchester. They form a 
remarkable feature of the city, and give unmiatakable eridenoe 
of the devotion and liberality of its citizens of every creed. 
Whether Manchester ia or not a very religions CII7, we can not 
undertake to say; one thing is cert'tin, that if the poasesaion of 
nomerouB coittly churches aiul chapola ia u> afibrd one a crttoriou 
fi>r judgment, then ia Manchester an essoutially religious city. 
(Bfdres and towers start up everywhere, and everywhere divide 
with the tall fiiotory chimneys the taak of cutting the hurizon. 

The churches devoted to ttu* wrvicca of the wealtlLy Established 
Church naturally claim pre-eminence; but in Manchester the 
iuemlH!r8 of this body aa a whole have exhibited little fervour iu 
late church building, compared with wlint is obsftrvablQ of the 
Cktholic and Diaaenliog communions of ihe city. The three best 
^ modem churchea in Manchester are respectively the gift, not of 
the Anglicaii body, but of three rich benefactors, LonJ F^gertou 
of Tatton, Miss Alherton and Mr. Birley. Trinity Church in 
the Strelford-road, the earliest built of these three, is one of Mr. 
: Gilbert Scott's, (or Scott and Moffatt'n) worka: a large Early 
English church, with a raaaslvc tower. It ia & well arranged 
edifice, with an effective interior, the details somewhat heavy; 
and is remarkable as being one of the first churches biiilt since 
the great ecclesiolo^ical revivA.1 iu wltlchthoapac, now so common 
I a feature uf church buildiug, has been hubatituted for the more 
' usual — and more English— <iuadmngular chauoei. Not far from 
this church, erected at the soie expeiixe of Miss Alherton, stands 
■aother of the three evlificeit uuuied, St. Philip's Church, erected 
at the oxpcuKO of Mr. Birley, from the designs of Mr. Shellarvl, 
< architect, of Manchester. Thiaedi&ce has been placed purposely 
in the midst of one of the poorest districts, inhabited by the 
factory workpeople ; aud embodies the munificent etTort of ita 
fonuder to briitg the services of the Established Church, made 
k xeplete with every possible appliance of art, to the poor man's 
I door. It ia a large alrncture, designed in the Decorated style of 
. Gothic architecture, and consists of a nave and spacious chancel, 
L aMh with aisles, and a large tower (containing a pe:il of bells with 
ichimea) crowned with a lof^y spire: thie last feature somewhat too 
I lofty for the tower beneath it. The architect would have done 
well had he carried up his tower a Utile higher before intro- 
ducing the bell-ch.'vmber; for, atiurecled, the elt'ect ia a little squat 
and ill proptjrtionud. Some of the external features of this costly 
church, aa lUv hiiltrce^es and pnmpets, hare & weak and bald 
effect. The window tracery ia of the kind termed Geometric, 
[and many of the large liaudaomewindowa are very creditably 
[designed. These, when we enter the interior, a very effective 
I OBe, are found to be all filled with |uunted glass nf a very costly 
dMcriptiou, the aubjecta being illustrative of Scripture history; 
Imt Uie moile of treatment, as it struck ua, very unusual, aud 
the general effect sombre and repulsive. Each window contains 
apiclure in itself; the groups spread from side £0 side, regardless 
of the iuterveoiug rouluoDs: and there aeema to have been too 
r great an ambition ou the part of the artist to emulate the mere 
I Batumi depicting of objects, witti their sliadee, shadows, and 
r-cther acccaaories, hardly suited to the translucent material he 
Tiras called on to embellish. Doubtleaa the founder's inteotioDa 
irere excellent; and this poor man's church was mauut to servo 
as a Scripture picture xnllery. ! t ia au e<Iifice that forcibly suggests 
the propriety of devoting the internal wall-spsoe of our modern 
churches to the introduction of paintings in tnKO aud moaaic. 

Bat by far the finest of all the Anglioan churches is that 
cf St. Mary, Moas-nidc, erectotl l>y Mr Crowther, at the coat 
of Lord Egertou, of Tatton. This again is a "(leometrie 
Pooorated** edifice, with nave and nave-aisles, chancel and 



ablcs, tower, and spire, whose altitude to the top of the weather 
vaue is some 242 feet It has, for a modem ehnrcb, the rare 
peculiarity of a high clereatury over the chancel as well as 
the nave. We have heard it objected tothia fine edifice, that it 
is wholly a revival of the antique in detail; and certainly we 
do recognise, in nearly every feature, some well-known window 
or other part, that reminds us of the published illustmtiona 
of ancient churches; but we are by no means tempted to look 
upon the fact as an unmitigated evil. If it be true that every 
feature of this beautiful atructurc has ita mediieval prototype, 
we can only say, the examples selected for imitation ahow the 
good taate of ita architect; and the accuracy aud spirit with 
which they have been rendered by one, who la well-known to 
have acquired a moat intimate knowledge of our old Euglish 
churches, fully compensates for the lack of Qriginnltty that haa 
been complaiued of. The adjoining paraonage and scboola are 
very well groui)ed together, indicating no oddity, indeed, on 
the part of their architect, but enough of originality to show 
that, while his church proper haa little of the aui gtiierit about 
it, its architect was most probably restrained from the usual 
amount of self-glorification by a laudable humility, baaed on 
what might well be iu him an intense appreciation of the per- 
fection of ancient detail; and hence the people of Manchester 
have become posaessed of one of the finest and most faultless 
modern churches in EngUnd. This church has a large and 
massive rood-screen of oak, with a pinnacled atatr C^urret at 
each of iu extremities, louiiug to the roofs of the aialea and 
clerestory. 

St. Alban's church, ia Waterloo-rjad, Strangewaya, ia 
another fine large church by the same architect It stands on 
a most tiflective aite, raiaoLl conaiderably above the roarlway. 
The Btylo again is "Geometric Deoorated,'* the church oonsiat- 
ing of nave with aisles on aaoh side, bold south porch, and apsidal 
chaucel, with tower on ita epistle aide, communicating with the 
chancel and south aisle by open arches. The nave and aisles 
are parted by cylindrical plera, sustaining an arcade and lof^ 
clerestory, carried past the tower, and extending over the 
chancel, as at St Mary's. This arrangement, common enough 
in ancient churchea, and too seldom rewirled to in modem 
ones, imparts au aspect of great magnitude and sublimity to 
the interior. The church was not completed when we visited 
it; but it bids fair to be a very fine work indeed. 

St Stephen's church, Greenheys, is an incomplete edifice, 
built in the more developed style of "Decorated" Uothic archi- 
tecture, from the designs of Mr. Shellard, before named as 
the artihiteci of St, Philip's church. The alte is aomewbat 
restricted; but the edifice itself ia well designed, aud of par- 
ticularly pleasing proportiona. It consists of nave, aiales, and 
chancel Willi aialea or siiie chapels, aud a western tower of which 
only the lower part haa been completed. The side of this church 
ubuta immediately upon the street, from which it is entered by 
a very elegant doorway, with ball flowers and crocketteu 
canopy, the labels terminating with nicely carveil angel bosses* 
whenoe proceeds a moulded string-course, continued all along 
the side walls; r.nd u|K)n it rest the wcU-designeti aialo win- 
dowa, the wholo effect being simple aud graceful. The window 
tracery throughout is exceedingly effective; and the whole edi- 
fice, idbeit a very unpretentious one, gives token of far more 
|M>wer than \U architect has displayed in his larger church of 
St Philip's, Hulme, before described. Here for the present 
we must break off; and in our next apeak of the other new 
churchea and chapels of Manchester. 



THE FIELD BOILEB, ITS PRINCIPLE, CONSTRUCTION, 
AND ACTION. 
By Francis Wise, C.E., M. Inst. E.a, Ac 
{With an Efigruving) 
Tnsobjectof what is oommouly known as a steam boiler, ia to 
impart the beat evolved by the combustion of any anitable fuel, 
to water ooDtained iu a close vessel, in such manner aa that eva- 
poration may enaue, and that llie vapour given off may be 
employed as a source of power or for otiier purposes; aud further 
it must be admitted that, other tilings being equal, the less time 
and apace occupied in evaporating any given quantity of water 
the better. It ia evident, however, that if increased rapidity of 
evaporation is to bo achieved at the cost of economy In foel, of 
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apace, or of aafeir, tbe advantages of quick evaporation will be 
either neutralised or diminisbed. 

In the Cornish and other boilers of that cla<<s, tbe heat 
generated ta the furuace is not absorbed with suflioieDt rapidity 
b^ tbe water to render quick combustion ecooomical, Inasmuch 
aa with it a conaiderablo proportion of the heat evolved by the 
boming fuel, instead of being taken up by tbe water, is either 
absorbwi by the brickwork of the fluea, or passes away uao- 
leisly by the chimney. The reason, therefore, of the sujicrior 
Monomy of alow conibuRtion in Cornish boilers ie, that tboy 
require a considerable time to take up a fair per-centage of the 
heatgenerate<1, nud that unless siifncient time is allowed them 
for doing an, a certain proportion of the heat iti wa^ited, wbioh 
indeed simply amauuls to saying that the Coruiah boiler ia im- 
perfect in principle (insomach as, beyond a comparativety low 
limit, it is incapable of utilising a proper proportion of tbe lieat 
capable of being generated in ito furnace) and does not in any 
way go to show that, with a boiler cnriable of rapid absorption, 
alow combustion Is either advantageous or desirable. At all 
events it ia obvious tbat^ if by using on improved construction 
of boiler, we can ei^iporate tbe same amoant of water aa is era- 
poratad by the best CoruiAli boilers, with greater safety and at 
least equal economy of ftie], in a apace of about one^ixth of 
what is necessary uudor tbo OorniaQ system, there is a clear 
gain, of much importiuice; and if to this can be added greatly 
increased* aooessiuilify and uon-linbility to wear and tear in 
the body of the boiler, we shall Iiavu made & decided and 
highly important. ^^P '^ advance;. 

How, then, is this to be done 1 It is oleAr that anything 
approoohifig to the Gornieb system, with its long and partly nse- 
leaa fines and large body of sluggishly circulating water, is ont of 
the question. Turning, then, to niuttitubular boilers, iu which 
tbe beated products of conDbustion are conveyed from the furnace 
to the chtmuey, by a number of small tubes passing through the 
mcer-space and intended to impart heat to tbe water, and what 
do we find to be the result 1 Why, that flame entering the tubes 
la almoflt imme<liutely extiaguishe<l, thi-nugh want of a proper 
supply of oxygen, and that tlie beated proilucts of com- 
bustion, to a great extent, pass through the tuVs without 
their heat having \xen ahsnrheii bv the water Hnrrounding 
them,and that the raoro rapid the comliustion, the greater (owing 
to the imperfect circulntioD) is the proportionate loss of hont. 
Thin, then, in its present furm, is evidently not tbe system 
whereby the end deaired is to be achieved. 

If these premises be correct, two things are clear — viz. firstly, 
that we cannot use the Cornish system with its larfie body of 
inert water; and secondly, that the plan of passin;; the heated 
products of combustion in thrflail-like streams through tiie water 
space, as in the ordinary multitubular boiler, is also practically 
iuoorreot. 

Let us now suppose that, iostead of passing the products of 
combustion iu small streams through the water, we cause the 
water itself to pass in like streams (and with a rapidity of flow 
self-proportioned to the heat whereby it is surrounded) into and 
through the hottest part of the furnace. The result will then bo 
that, with slow combustiou the circulation will he nlow, so that 
the quantity of water preseuted to the actiou of the tire in any 
given time will bo oxact.ly suited to its beat-imparting power; 
and that if tbe rapidity and intensity of the combustion be 
increased, the rapidity with which the water will pass through 
tbe furnace will bo proportionately increased, and tuis will be wo 
even although the tiro be urged to give out the greatest possible 
amonut of heat. Ilenoe it is evident that, as tbe velocity of the 
circulation is in all cases regulated by the bent-giving power for 
tbe time being of the furnace, it matters not wlieiher the com- 
bustiou be slow or quick, excepting that in the latcor caso we 
shall be enabled, by the greater velocity with which the streams 
of water pass through the furuac*. to evaporate a propor- 
tionately greater quantity iu tbe same space. Now this is pre- 
cisalT the principle of tbo boiler under notice, the practical 
results of which entirely corroborate the forcgoiug remarksi 
and satisfactorily prove that the principle of submitting tbe 
water, iu small and rapidly circulating streams, to the most 
intense heat of the furnace, is the true ooe, and superior to any 
other yet introduced; as also that, iu this way, almost the whole 
of th« beat generated in the furnace (with the excciitlon of what 
ii neoessariW employed for the purpose of maintaining a sulh- 
clent draught) may be utilised iu the production of steam, and 



that economy of apace and weight may thus be made to go hand 
in hand with that of fuel. 

A consideration of the construction of the Field Boiler will at 
once show liow these elTects are produced, while the boiler itself 
is at the same time rendered safer than any otber kind of boiler 
in existence. It should however be firstly mentioned, that tbo 
principle of construction n<lopted in the Field boiler is not only 
applicable to boilers fur stationary purposes, but also with eqmu 
ailvautage to those of tlia marine and portable classes, and with 
reference to the latter claaa, has proved itself capable of going* 
through the most severe work uninjured, under which other 
boilers have nH^uired constant rci)Air, and have nsver, at the besti 
been free from Ifukage. The cuustruotion of the Field boiler 
is this:-" 

It consists of two principal parts, namely, the water and steiun 
space, or body of tbo boiler, aud the furnace, or chamber wherein 
the fuel is burnt Kor stationary purposes the boiler is made 
cylindrical in form, with an annular water-space a, snrrounding 
the fumooet, as shown in Fig. 1, of theaccomiiauyiugriate U.buk 
the form may be readily varied and aiiapted as required to suit 
Ally peculiarities of circumstance or position, whether for land or 
marine purposes. In the case of tiie cylindrical vertical boiler 
referred to, a number of tubes c, placed annuUrly around a 
flue tube <f, passing upward through tbe boiler, bang down or 
are pendant from tbe onder-sido of the water and steam 
space e, into the furuoce b. 

Theu tubes are open at their upper ends into tbe water-apace, 
and being closed nt their lower ends are consequentiv (when the 
boiler is in readiuess for starting) entirely tilled with water, the 
top level of which is some iuohesabove their upper ends. Within 
each of these tubes is fnwly suspended, by meaus of feathers jr, a 
smaller tube /, open at both ends, the tipper end of which rises 
ftbovn the level of tbo upper end of the out«r tube c, but is short of 
reaching to the bottom of it. The U>im of tliese inner tubes are pro- 
vided with trumpet or funnel sliapcd mouths or deflectors j, which 
aa will ho ween i^-rform an important parti in the action of the 
Uiiier. A boffie-plateor cylinder A, suspended beneath the opening 
iuto the flue tube d, which passes upwards through the boiler, pre- 
vents any [Ktrtion of the heat of the furnace from passing away 
without having firstly enveloped and become almost eutir^y 
absorbed by the pendant tubes and the water circulating within 
them. 

Boilers upon this principle are peculiarly adapted for marina^ 
purposes, insomuch as not only ia the body of water which they , 
contain, aud which is liable lo surge frum side to side by the 
roll of a vessel, considerably loss than in Iwil^ra of the or- 
dinary construction, but it has been found that ibey may be 
worked witli wat«r completely Maturated with salt. Indeed, ex- 
periments which have been made show that even witli a super- 
saturated solutiou, that is to say, a t^dution which of^er saturation 
has been further evajxjratad until a coiisidemble portion of salt 
ia held only iu mochanical suspension, the tubes work well, 
and will, on the re-Hghiiug of tbe tire, absolutely eject the salt 
which has settled in tnem during a period of rest, even althongh 
its dspth may be sufficient to oovar the bottoms of the inner 
lubes. A boiler of this kind is shown in Fig. 2, in which 6 it . 
the furnace, the flame and heat«d coaes from which, after paw- ^ 
ing the bridge q, continue onward among a series of pendant 
double tobes, and returning along a flue — also containing pendant 
double tubes— towards the front of the boiler, pass away by the 
uptake d. The dnuble tubes thus arranged, and not toouoeelyl 
packed, permit the flarao of the furnace to play among them for 
a considerable distance without extinctioD^ and by the position 
of the surface they present to the fUnie and heated gases are 
most efTectiva in their economical results. This was curiously 
shown iu tbe case of a Cornish boiler, to which a few of the 
double tubes were applied in the main flue, immediately behind 
the bridge, in the manner shown at Fig. 3. In this case the 
amount of healing surface addc<I to the boiler was 10 per cent., 
but tbe saving of fuel, iustcad of being in tho same proportion, woa 
more than 20 per cent.; and it was found in this case, when there 
was only a thickness of about g-jnch of iron in which to fix the 
tubes — as had previously beeu found with boilers having tnbe- 
]i[iites of greater thickness a|wcially intended to receive and Stip- 
port the double tubes — that such was their perfect freedom of - 
expansion and oonti-aciioti, that there was not a drop of leakagew 1 

It will thus be seen thiit this system, in addition to its other 
advantages, does away with that serious and inevitable defect of 
tubes tixed at both ends, namely, leakage; the destructive effecU of 
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which An welt knnwn to every penoa who has paid any atteutiou 
to the workiog of boilen; aii'd further, th6 aarne fe&ture which 
doM away with the very neriouB evil referred to, has an im- 
portant effect in leasecinK ^^ ^f*^ ^*^^ ^^ ^^* boiler, insomach 
«a it enables the lubes to M Moarely and perfectly fixed, vimply 
by a Tery slight cxpuuion of their upper eiidR, without the use 
of any ferule* or other objectionnblearninyeiQeut. To fix the tubes 
all tkAt is necewary is t-) make Uie holcd iu the lube-plate Blighly 
conieaJ, their diameiorB »t tlie lower surfnce of the phte being 
eqnid to those of the tubea, sud tb«ir upper diaioelem soniowliat 
larger, nud then »fUir having slightly expanded the upper end of 
the tabe, to place it in it« iuteuded [weition, and by means of one 
or two blows with a hnnimiir uj>oq a steel conical mandrel in- 
MTted in its upper end, tn farther expnnd the tube, so that it may 
fill and jam itaelf iu the hole in the plate. 

The facility with which a tube may ihu9 be fixed is a matter 
«f great importance in case of injury occurring to a tube during 
the working of the boiler, as at the worst it ioTolves only a 
triding deUy before the damaged tube can 1» replaced and the 
boiler again put in perfect working order, without its being 
iwcenary eren to call iu the awiifiUDco of a skilled wurkman, 
a class of individuals geuemlly fmiud to be unobtainable at the 
venr time when mo*l urgently wanted. 

The boilers for statioimry purposes aa alreaily deuoribed, though 
calcalated for steady and oontinuouB wurkiug, and economical in 
consumption of fuel, are not at the same time so heavy or 
flnmbroas as to preclude th>-ir being used with advantage fur 
Tarious descriptions of portable engines, as in ptwot of fact they 
are lighter than those ordinarily need for such purposes; and 
where extreme lighlness is n<-t of paramount importance are 
certainly the most desirable form of Wiler to employ. There 
are cues, however, au<l that of steam lire-eoginea is one of them, 
in which extreme lightuese and portability in the boiler, com- 
bined with a power of raising steam with great rapidity, are of 
more importance than economy in fuel. Iu ]iuch cases it in 
obvious that the weight of the water casing and of the water 
«Dntained in it, would conslituU a comparatively serious 
objection to the employment of the water-cased boiler, which 
would be also further objectionable on account of the extra 
time required to heat the additional uuantity of wat«r con- 
tained in the casing. For pui-poaes, therefore, of the kind 
Inferred to, the boiler uaed is of the type rvprcwuted at 
Rg. 4, in which the woter casing is entirely dispensed with, 
and the tubes uswd — which are of smaller diameter than those 
umd in the other t3rpej> — aro so arianeeii ae that the lower 
ends of the outer circles constitute an almost coutinuoua casiug 
around the Bre-grate. 

In working these boilers, a steam jet is need as soon as steam 
appcara, for the purpose of urging the draught, and is continued 
in action until the engine is started, when the jet is shut off 
and the draught is maintained by the exhaust «teani which 
passea by the pipe into aud through the hollow baffle, whence it 
UBoee int>i the chimney. These boilers were designed for and 
are used with the greatest success iu the steam fire-euginee 
inannfactare<l by Messrs. Merrj'weatlior & Sons, whoso small 
class engines, weighing in alt nlKnit 30 cwt., mi»o steam from 
water, which at sUrliog may be little above freezing, to a 
pressure of 100 lb. on the square inch in l>i minutes, and 
maintain the prcpsuiv undiminished while doing absolute work, 
b tatsing water to thf extent of over twenty horses power. The 
engine Sutherland, which weighs complete only S tons 18 cwt., 
is fitted witii n boiler of the same class, and has shown wonder- 
ful rapidity in raUiog and generating steam. Thus, at the 
Crytiu Palace, this engine raidpd steam from cold water to a 
pna»ore of 100 lb. on thesqunre inch in ten miout«a, and sub- 
sefiuently threw a jet from a 1 j-tnch nozzle vertically ton height 
of aOO feet, and maintained it steadily up to a height ol more 
than 180 feet, for over five-nnd-twenty minutes, ahowipg itself 
capable of continuing to do the same for any length of time 
"««rired. The boilers of the first-named cUm of engine are 

ft, 3 in. in diameter and inclusive of furnace are only 4 ft. 6 in. 
iii^-!i, while tliat of the latter in 3 ft. B in. diameter, and 4 ft6 in. 
higli. In order to obtain the re<)nired large amount of steam 
from boilers of iroch disproportionately small dimensions a^ 
these, it is obviously necessary that the heat of the furnaee be 
of the uiort intense character, and it is equally obviotis that, 
in order to mainlaiu it at that intensity, a very large supply 
of air must be drawn through the burning fuel, ami as this can 
Only be done by means of a proportionately fierce draught, it 






naturally follows that a considerable per-centage of heat is wasted; 
not, indeed, by roasou of any de6cieucy of absorbing power iu the 
boiler, but on account of the disproportionate strengtJi of draught 
required to draw the necessary amount of air through the furnace; 
and which, consequently, not only oompels the rapid rush of too 
large a proportion of the heated gases up the chimney, but also, 
at the tame time, carries with them a by no means iusignificant 
amount of the burning fael it».-lf. Yet nutwithstandiug the dis- 
advantages under which they thns necessarily labour, and which 
are, in their nature, so inimical to economy in fuel, the workings 
of Uiew! boilers show rosulis quite equal to those of the majority 
of ordinary stationary boilera, and therefore form another con- 
viiiciug proof, if any were required, of the correctness of the 
principle upon which their conatnictiou is based. 

A conftidRratiou of what takes place in the working of the 
Field boiler will at once clearly show why it should, in all eases, 
coutrist favourably with other boilers employed nndor similar 
circumstanceB. Thus, takiug for example the size of stationary 
boiler kuuwn as 80-horsc, but which will, in reality, work with 
ease up to liJO hor»e-power. the outer diameter of this boiler 
is G ft 6 in., aud its lieight 8 fL 8 in. It cuutaiiis 490 xquare feet 
of tuW suHace, the outer tubes being 2 inches in iutemal and 
2^ inches iu external diameter; and the inner 1 inch in dt-imetcr. 
Now, uiiou lighting the Hre the water iu theee tubes immediately 
commences locirciilHle uvery iupremeut of henl, however trilling, 
added to the water onntrtined in the annular slices, between the 
inner and outer tulws, levseoiug its ni>ecitic gravity, aud causing 
it to saceTid, and cold water to conBe<iUL-ntly descend the inner 
tubes to supply its place. This action g<*s on iucreaaing gradually 
in mpidily until ebullition comnienoea,at which time the velocity 
of llow is increased enormously, owing to llie great difference 
between the specific gravity of the mixed wnier aud steam ascend- 
ing in the annular spaces, aud that of the solid water Jeaoend- 
iug the inner tub^a. 

Taking the velocity of tlow down the inner tubes at ID feet per 
second, aud the number of tubes at 2S9, we shall have a quantity 
of water equal ti> about 96 gallona passing down into the furnace, 
and being submitted to its moet intense action iu every seeond 
of time. Moreover, owiug to the jirinciple of action of the 
tubeif, the water so submitted necessarily bclouga to the less 
heated portion of the contents of the boiler, and conseqaently 
poas'esaes the greatest ca|MicitT for heat. Now when we consider that 
an amount of water e<]ual to the entire tivernge contenta of 
the boiler is thus paaseil into the furnace, with the interven- 
tion of only one eighth of an inch of metal between liself 
and the fii'e, in every six seconds of time, some idea may be 
formed of the immense rapidity with which the heat of the 
furnace may be passed into the water; which may be further 
strengthened by reflectiou on the well known fact, that if it be 
atlempled to liarden a tolerably large piec>* of steel by plungiug 
it when hot vertically into cold water, ami holding it rootionlen 
in that powlion, the attempt will prove a failure, iiuumuch as tha 
water will fail t« cany off the heat from the steil with sufficient 
rapidity t^ effect the hardening, but if instead of holding the 
steel luotionlesa aa described* we move it nioreor less rapidly 
from side to side through the water, the hanleuing will be at 
once effecteil. Now, tliis is preciaoly the difference l>etweeu the 
ordinary kinds of boiler and the otic which forma the subject 
o{ this pn|}er. In each case we have on the oue hand a mai« of 
water subjecteil to hent, and uiiablo to chntrge its pOiiitioD with 
sufficient r»pidity to abiorb the heat preseutt^d to it; aud on the 
other, a constantly changing flurfac-e of duid, carrying off the 
heat from the mt^ul with grvitt rapidity, and in nnoh case effect- 
iuglhe object desired. 

Here, then, is one very obvious reason fur the economical 
results achieved by those boilers, even under circuo^tances 
which might seem to put economy out of the question, the fact 
simply being that, in ordinary boilers, the circulation, left 
to shift for ii«elf, has great ditlieulty in becoming of a decided 
character in auy directiou, su that the water instead of taking 
otf, or as it may be expressed, rushing off with the heat from 
the metal as require<l, hangs aboat it, and with comparative 
slowneaa oonduot^ it away. Theconaeqaeooe is that much of the 
heat passes into, and away by, the flues instead uf into the water, 
and thus it is, aa was before remarked, Hum ulow cotubn.stion 
with ordinary bc-ilers necessarily shows to better aiKuutage than 
quick. It in important in diecusaing the merits of uuy boilor to 
advert to the dilficulties, if any, likely to arise frotu the deposit 
on its surCnoe of these troublesome matters, the snlphates and 
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catboaateB of lime or aacb other compounds of them u are 
uaaally thrown down in the form of a hard scaly iucnut&iioQ. 
Ic is well known that iiuch deposits are encouraged by sluggiah 
circulation, and that wherr the circulation is most feeble, as well 
as in thenciglibourhood of the feed pipe w}iere the water first eat«r8 
the boiler, the defxisit is ii!tiially thicker than at any other 
places. Beariug this In view, we are naturally led to expect that 
the effect of very rapid and constant cinniUtion will be to prevent 
deposit in the ahunneU wherein such ciixinlntion tak?a place, 
and are therefore scnrcoly tturpiincd to find that the tubes of 
boilers of steam lire cnfrinoa coustracted upon the Field principle, 
and workwl almost dttuy fur two years, have remained entirely 
free from deposit 

It may be tliab iwme araall part of this remarkable result is 
dne to the continual cbangos of water, with which, from the 
natnre of their duties, these boilers are worked, but assuredly, 
if that bo so, the part borne by these changes in preventing in- 
omstation is very small indeed. But allowing that continual 
cliango of water has some appreciable influence iu the matter, 
stationary- boilers on the Field aystom now at work show that 
witli the most onlinary precantions there is pnictically no in- 
crustation. The writer wns present lately at the openinj; of one 
of these boilers for the nsual quarterly examination, and is enabled 
to state that there was no hanl or scaly dofioait whatever. At 
the bottom of the water-space there was a light coloured mud, 
which, when dried, proved to be an impalpable powder, consist- 
ing dnuhtless of the matters which, in onliuary cases, are de- 
posited in boilers in the funu of hard lucruatation, but whichj 
in this case, had been kept in mechanical suapenaioa nntil finally 
thrown down into the water-spaoe at described. The precautions 
which had been taken in this instance, and which were so 
thoroughly efficient, were of the mrat simple character, and con- 
sisted, firstly, in the emplnyment of an inexpensive water-heater, 
whereby some of the cilcareons matters contaiQe<l iu tiie water 
were thrown down previuua to its entrance into the boiler, and 
secondly, in the use iu the water of n trifling quantity of compo- 
ailiou, known 09 Buck's, aint consisting, app.irenily, chiefly of 
aoda, which seemingly boil tlie olfcct of coinplotiug whatever 
was left undone by the heater. 

These facts dispose of the only point suggested by practical 
men as likely to prove a source of tlilTiculty with the Field boiler; 
and leave its important advantages of economy in fuel luid of 
sfiacc, ease in firing, accessibility tor examination and repair, and 
perfect safety, without any corresponding drawback. 



BUILDING MATERIALS. PATENTS, Ac., AT THE 
ARCHITECTUKAL KXIIIHITION. 

iNASMCcn as most of the staple contents of the exhibition 
remain as heretofore, some of them through successive waaons, 
there ia little occasion now to recapitulate the opinions we have 
expressed regarding them from time to time. But it is very 
Doticenhle how the inSueuce of a better loato has found its way 
iu almost every direction iu which art is ooncemed, so that our 
simplest vane- terminals and earthenware ridge-tiles have now 
stamped upon them a degree of character, which till Utely they 
were not wont to aafiume, more iu accordance both with variety, 
according to thoir position, and of design, according to the 
special i-equiremeuts of different styles, Of old exhibitors who 
still retiin their "space," the Utter being mure or less chauged 
in uppearauce, we may note, iu metal work, Messrs. Feard and 
Jacksun, McMint. Hart and Son, the Vicille Montague Company, 
Meitsni. Hobba and Uo., and Messrs. Bond and Scammel; besides 
someingpnious Window Caaetueuts inwrought- iron, adaptedeithor 
to stone or wood mutliuus, and which h»ve also the recommenda- 
tion of being clie.ip an well as ijurahle. The price of these 
ca:«ements. without frame, l>egius at twenty-three shillings, and 
they can be uiiide to any size to order. The contrivance for the 
fastening and the stay tmr are sn dimple as not to h« 1 iable to dis- 
arrangement. The makers are Messrs. Gibbous nud White, 346, 
Oxford -street. There is aloo a large show of Messrs. Thompson 
and Co.*s patent electric bells, electric fire alarms, aud alarms 
for windows and dnnni, which are found a Rrent acquiwtion 
as articles of domestic uhc. Mesnrs, Baugli and Co., loo, 
merit a word of appruv.-il, in nn-wing, for their " Bi>eciniena of 
saamelled iron," a uiat<-rinl which appt-»rs to be capable of sliU 
more extensive application 



Mr. Boaher*s *' Architectnral Decoratioua," iu artificial stone, 
are prepared with an iDduraling nolution, by the use of which 
in the nianufactura greater durability aud a better surface is 
obtainable. SliU, as we believe uecessarily happens in every case, 
the process of induration changes, not merely tne nppearsnceof tha 
anrnce of the atone as regards texture — so to apeak — but also 
the absolute colour of the original material, rendtriug its eOect 
much darker and duller than when in its original state. Tl\& 
Fern Brick, for fonteries and walls of oonserratories, isa suitable 
and useful manufacture. Tlio material being porous is fitt«d for 
the cultivation of thesw ptanla; and, the shells being loose, the 
ferns arc easily removable to other parts of the fernery without 
dinturbiu^ Uieir roots. Similar recommendations attend the 
introduction of the (Foxley's patent) "Garden wall bricks," 
supplied by tbosame firm. These bricks are mauufaciured with 
n perforated bead on the edge, so that in training fruit Irrea 
trellis work is unnecessary, which invariably accumulatos insects 
and dust; white nailing, loo, is rendered needless, which, besides 
defacing the walU themselves, has a tendency to injure the 
tender branches of trees, and by coufjuing tliem too close to the 
wall, it frequently iuterferes with their growth, as also that of 
the fruit. 

In (2U) we observe some praiseworthy contributions from Mr. 
Colton, of Robert-street, Hampatead-road. They comprise a 
scries of Arabesque decorations for the walls of drawing-rooms, 
&C., and some emblematical subjects of the International ii^xbi- 
bition, 1862, for which they were prepared, and to which the 
Painters' Company of the City of London awarded a first-class 
silver medal. If there is one greater drawback to them than 
another, it is the style of ornament selected, viz., that of the time 
o( Lonia XIV. Mr. 1). O. Boyd's Patent Flue Plates, for divid- 
ing the vitiated air-fluo from tnc smoke-flue, bavp previously come 
under our notice, as a useful invention fur ubtaiiiing for each 
room effective veutilatiou by a separate aud highly rarelied air 
channel. To this is now added bis " Hygiasiic Warm Air Stove, 
and Uygiastic Fire Grato,** maile under the direction of the 
arobtiect, Mr. F. P. Oockerell, fur the grand staircase, oorridor, 
lodge, aud other rooms at the New IVeemaaon's Uall, in progress 
of erection in Great Queen-street, I^ndon. 

Mr. W. Oociwiu, of lAtgwardine, near Hereford, still disttn- 
guishea himself for his persevering exp«rimeute in pottery manu- 
faoture, and especially iu Encamitic Tiles. Some of the latter, 
treated in the broadly-rough, but effective style of ancient 
patterns, may be cited as a near approach to the originals them- 
selves. Tliia sticcess is greatly owing to the opportuuity afforded 
to Mr. Godwin In scrutinising the ujaiiufncture of the old tiles 
in the Cathedral of Hereford, when reproducing tho majority of 
the )>att«rtis for their exteusive use iu repnving the whole of the 
porlious of the fabric recently restored. Mexsm. Maw and Co. 
retain their show space, as does also Mr. Kngland, but with 
no very noticeable change in the specimens exhibited. The 
moulded bricks and tiles nionufactared by Messrs. It. and N, 
Norman (5), and similar articles by Mr. Cooper (0), are among 
the best of tlieir kind. Tlie latter especially dinplay a great 
advaucemeut aa regards tlieir appearance and design, while in a 
practical point of view much can bu urged in lavour of his 
'* Hidge Crests.*' These are stated to be made of superior olsy, 
subjected to a great nressurt^, aud being in one piece only, the 
patterns cannot bo displaced, as is often the case with grooved 
tiles, nor does the frost, however severe, affect them. Mr. Q. 
Jennings, as usual, exhibits a multifarious scries of his inven- 
tions, which are chiefiy of the sauitaty kind, deservedly known 
and patronised; too mnch so to require a detailed descriptioo 
here. In perfecting some of these he has been fortunate enough 
to secure the able asxlstance of an experienced engineer, Mr. 8. £. 
Russer, of Uomet^strcet, Fleet-street. As a sabsiitute for paint, 
Stephens' " Stains for Wood*' arc an admirable medium, faavLog 
the recommendatious of economy, durability, and beauty of effect. 
The natural graiu uf wood may be imitated by art, but tho most 
successful imitation has u sameuess of appearance when com- 
pared with thitC continual variety which different woods pressni 
in their natural grain. The advantage of using the above stains 
is this, that this natural gmin is noiobscured, bat shows tbroagh 
more beautifully under the rich tints which are given to it by 
them. 

On the whole, this department of the exhibition maintains its 
position hitherto, but much remains to be done before it can 
ne considered as properly representiug either the inventive pro- 
ductions or the exigoUcieB ol this ifforking uge. 
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ON THE AKT OF LAYING SUBMARINE CABLES 

FROM SHIPS. 

By Captaw Jabfer Sblwtw, R.N. 

A renewed Rttriupt is nbont to be matlo to concoct by a aiib- 

, marine aud plfctric wire tlie intcllijietices aa<J interost* of tho 

Did world with those of the uew, and do enterpriiie of thla age 

Ijirromitea so much beneflt to the human race as the realisation of 

Dch a method of instADtaneouB coQimuLicntlau. The subject, 

bereforc, may fairly he considered ah one welt (ittal to interest 

iHie members of a society deTOtoil to ibe cultivation of tho arts — 

ptbft highest art being that which is caleulate<l lo benefit mankind; 

vbile on the other hsml, by no other body cnuUI the views for 

vhicti a hearing is sought b«e more fitly stampe^l as current coin 

Or repudiated an base metul. But tlmt I am aided by the obscr- 

Vvations of some of the first mathematicians and tlie most cele- 

[brmted engineers of this or any other oountty — if I had not 

Lsecnred the direct support of many of the moat ftistinguished 

membera of my own naval sprvice — I shoold scarcely have daiud 

lo advance liere what might be stigmatised as ciude opinions 

or ill-coiisidered theories. Yet I feel th.xt I must ask your 

indalgetitre if, while asserting wme things with the enthusiastic 

feeling which must animate every officer of my profession who 

thinks he may perchance coutribtUa nouietiiuig, however small, 

to the solution of a great nautical problem, I should fnil 

Ade<^aBtelT to explain, in all ca^e.'s points where the apparently 

intnitive knowledge of a seaman leads him confidently to pre- 

|dict mults for which to the laudsouui's mind there aeenu no 

lanlHeieDt cause. 

It will be readily conceded that, just as no railway conld be 
ooustmcted with any chance of eoonomy or ultimate snccesSt 
udUss nfttT the most careful surx'eys aitd calculations — as again, 
Aoy ftindunieutai error in such calculations would deserve the 
xuoat cnrefiil elimination — so in this great wrtrk of laying on 
I AlUntic telegraph cable, which is immeasurnbly more ditficult, 
it bch'jves us to examine and re-examine the bases on which we 
are to proceed, and to refuse attention to Do suggestion, from 
whatever mmrtor it may come, until we ore ab«oIutely convinced 
of its wortnlessness. 

Among those consideralions which, as T hope to show, may 
most £ivuurably or most fatally influence the suooess of the deli- 
cate opermtion of laying u comparative thread of electric com* 
mnnication across the Atlantic, the carves dcscrihod by the 
csble in sinking may claim the very foremost place. The 
qneslion first to be solved is — is the path of the Citble during its 
descent to its <>ccan bed a straight line, au npward, or a down- 
ward corvel Is it an ioclind plane! Is it a parabola with 
a amall curve of contrary Sezure 7 Is it, or when is it, a cate- 
narian corve 1 

As no less an authority than Professor Airy has held and 
pablUhed the last-meuUcued opinion, I will, if you please, cou- 
aider that cose first. A ship at rest in an ocean of 2 miles in 
depth, allows a sounding line, carrying au iron weight of 96 lb., 
to mn freely to the tiottonu By many and accurately made 
czperimenbi wo find its time of descent to l« fifty minutes 
Dearly. We may treat it roughly, for onr present purposes, as 
S nauticnl miles per hnur. Now we can by no means expect 
tbat any telegraph cable, more especially the present Atlantic 
(a epectmeu uf which was exhihited], conlJ sink at a ni.iiertiilly 
plater rate. More probably it would be considerably longer 
ID iracliin:: the bottom. Bui wo will assume that it sinks as 
flwtt, 'Itivii, in one hour, a cable wliich is being paid oat 
withont strain, will reach the bottom in S miles depth of 
water. If during that hour the ship has made a prrfgross 
of only 1 mile, and the natural acceleration ot the descend- 
ing cable has not been interfered with by brakes, the curve 
dmcribed will inevitjilily be a catenarian one; and this will bo 
the caso whenever, nn Atniin being kept on hy mechanical 
appliances, the mte of sinking of the cable is in excess of the 
rate of progress uf the ship. It is always thus in shallow water 
with heavy cables; a catenarian curve is there the invariable 
rale. 

Next we will conFiidur under what circumstanced the cable 
irill pursue a stniight pnth, on on Inclinetl plane, to the bottom. 
If the mte of sinking of the cable be again assumed as 2 milea 
per hour, and any mte of speed be given to the ship leu than 
or eqaal to this, while a strain by brakes is placed ou the 
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issuing cable sufficient to prevent accelerelion beyond tho speed 
at which it is dragged out uf the ship, then the line of descent 
will be a stmighl one, or little varying from an inclined plane. 
But in both these cases we have assumed a speed of snip of 
S miles only per hour, which in practice would he irnidmissible. 

We will now pass on to the case in which, as always really 
occurs in practice, the speed of the ship is materially greater 
than the rate of sinking of the cable. The cable issues from the 
ship, still under some strain, at fn>m 20 to 30 per cent, in excess 
of her speed, which we will call 5 miles in the hour. That is, 
in one hour the ship has passed over 6 miles of ground, S miles 
of tho cable has sunk, and, say 6 milea of it has been i»aid out, 
or has lssuc<l from the stern of the ship. What has become of 
this? and in what curve, or on what inclined plane, is it now 
arranged ? This so far, is the real point at issue. I venture to 
bold that the curvature which under these circumstances takes 
place is an upward one, ot the nature of a parabola, having a 
small curve of coutraiy t^axurfi near the bottom, the gcnemt 
convexity being tnwspls the surface. My reasons fur ihisopioioQ 
are as follows: — First, whatever may he the speed of the i^ip> 
the mte of sinking of the cable can never bo increased eorie- 
spondingly, or indeed in any degree. Secondly, the alack [aid 
out, averaging iH per cent., is very much more than the 
difference between tho horizoutsl distance, 5 miles made good in 
one hoar, and the diagonal distance from the surface to tho 
bottom on the same route. And this excess will certainly not be 
expended in producing a serpentime furm, for which there is no 
possible catise, nnless a very large proportion of slack is paid 
out, but in tlmt npnard curve, the cause for which Is to be found 
in the resistance to cutting descent of the fluid through which 
the cable is moving. The less the specific gravity of the cable, and 
the larger Us diameter, the longpr will be the comparativolv 
straight part of the parabola, and consequently tho more cable wilt 
be exposed to the effect of literal surface currents, wherever such 
exist. Indeed, a valid proof tbat there in a cunsidcmble portion 
of the cable so exposetl to currents, and ihnrefure that there is 
Buch an upward curve, Is to bi- found in the fact that on several 
occasions the issuing cable was run away with by a compara- 
tively trifling current, making it take au anglt> with the ship's 
oonree. This could noi have been the (Tsss, had only the small 
portion of cable been exposed to the effects of currents which 
would be duo to the cable frtllowing an incllneil plane between 
the ship and the bottom. This upward curve would also be 
liable to be produced or incn-ascd when there existed a current 
iu a dii*ection opposed to that <>f the ship's progress, for thus 
there would be an increased resistance to cutting descent. 
While [ thns attempt to show nhat is probably the curve taken 
by the cable, and what are the dangers alteodant upon it, how it 
is pn)diice<], and what are its limits, 1 also wish to point out 
that, if this be the truth, there is an important adr«ntags which 
may possibly be realift^l in case of a breakage of the cable. W« 
all, I am sure, sincerely hope that this may not be the case, but 
should it occur, with prtvp^r iippsratns attached to a strong 
hawser or tine, and by steaming, so soon as the signal of rupture 
was heard, directly across the track previonaly followed by tho 
Cftblo-Iayiugvesspj — her consort, whoso station should always be 
about 3 miles on ih«^ lee quarter, might catoh the cable again before 
it was irreparably gone. I exhibit some Api>nratu4 for doing this 
antoniAtioally, and wiilmnt sucli iissisttmct;; but there will be ooo- 
sidernUe difficulty in u>iug it, nnless by men of great nautical 
skill. 

1 propose now ui (M>nfthler th*> lateral ctirves, with their effects 
which may be mndu by the i^tble, owing to surface currents at 
an angle to the ship's course. If, the sbip's course being west, 
a surfiice current 1<l' entere«l whose direotion is enutherly— 
i.e. to<vnnlH south — no effoct ran be noticed on the ship herself 
until, by astronomical observation, the existence of such a 
current is evideuoed in the diirerenc>e between tlie ti-ue and dead 
reckoning poniLinn; hot it is otherwise with the issuing cable. 
It may immediately be oWrvi-*! to Uaw dt^vinte*! from iu former 
line strai;;ht usterii, and is uo« carriud at o gnviter or less anele 
on the port or k-fi-hand qunriet; also, the strain shown by the 
dynaniometfr and the rate of ts»u>* will rapidly increase. Now 
no more faial error c:in beooromilie<) by the engineer than to 
Iiuul the breaks, and attempt tn resint t)ii^. The only rerac«ly is 
to go fitstcr, steer a cnrrent course, aud get out of tho current as 
smin ns jvvtsihle, yielding so n)U<!h to the iuoreaaed demand for 
cable as oevnr to bring more than a very small strain on. But 
it may b« objected ibnt, by so doing, an enormous percentage of 

43 



m 



166 



THK CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



[X«M I, » 



sIacIc will be lost It is so apparently, but not really; for, as the 
carront U but a surface disturbaoce, so aoon as the cable in sink- 
iflg has pa«wd through it, the Muu iij which it is laid follows 
really the true track of the ship n>^ «ho i« carried by the current, 
allbougb, while in the current, ii is carneil in a loop far attay to 
leewanl. This it is very difficult io exptiiin clearly without a 
diagram or oiodul, to which I must therefore refer you; but it 
nwulta frntii tlie fact tliat the cnble exjwses a very lar^e surface 
to the lateral action, and ia not like the :)hip forced againat it by 
the motive power If wo conceive a fluid surface like oil floating 
on waUr of a certain depth — that this oil is carried laterally »t 
n given i:ate by a cauite which does not alfoct the water under it; 
if next wo imagine a cord laid over the oil aud siukiug tirat 
through it and then throuj^h the water, we ahall he able to 
umJerstaud how in the uil the cord may be carried off in a loop, 
or bight, as it is called by seamen, laterally, falling thereafter 
through the water iu tlie true liue iu which it is laid. Hut, of 
coarse, thia will only be the case where tlie current Iia4 no great. 
depth, for if from top to bottom the whole body of water mov^tl, 
there must be a uniform lateral curve, just as there ia a Tertical 
one owing to the resistance to cutting devceut. 

It will be useful to remember that the new Atlantic cable, 
having a diameter of one inch and a qiiarter, exposes about 
633 feet of eection per mile, and a two-kuot current at 11*8 lb. 
per square foot brings a strain upon each mile exposed to it of 
over Z tons. Now, aa in yielding to the set of the current more 
aud more cable wilt constantly be demanded, aud tbercforo more 
will be exposed to it (the rate of sinking uwer being capable of 
iacreaaeX ^t would at first alj^Ut appear that this demand ought 
to be resisted; aud iu the tint attempt at laying, there was 
Aniuatance iu which this course was pursued, which, as 1 should 
have expected, resulted in the breaking of the cable. I hope 
that so uuwiae a proceeding will not be repeated. It should 
be A rule with thone who are laying deep-sea cables, that the 
inaxinitim allowable etniin must never exceed one-fourth i>f the 
breaking stratu, even where the cable is made comparatively 
inexteusibie by the me of longitudinal fibre or wire; bat where 
■pirala of iran or steel wire enter into the construction of a tele> 
graph cable, not being iu contact with an incompressible core, 
then no strain suflicient to stretch ihi copper wire, which is now 
aokuowJcdged not tu be protected from such teusiou \iy any 
spirals — I say no strain, not even that due to its own weight iu 
any great depth, can aafefy be borne by it. Again, the rule of 
the i^Ie-maker ought lo be that, his oable being liung freely in 
air, the weight is to bo accurately obsei'ved which sufliees, not to 
break it, but to stretch it 2 per cent., and oo no account mast 
more than a half of this be afterwards brought upon it. 

If, after accurately calculating the number of pounds of copper 
per mite which will carry messagesa certain distance at a certain 
remuntyrative rate, I theu subject that wire to any tension which 
can decrease its area, aud do no moreover, to an uncertain extent, 
at any place wbei*e the wire, althougli aevcu-strauded, happens 
to be uQitstLilly soft, 1 miglitas well nut have calculatefl, for I 
cannot secure the reault Tlierefure, even one per cent, of stretch- 
ing is to be avoided if possible. There is no other way of doing 
this than by adopting either strnighb stct^t wires, inclosed in on 
elastic compound, :\t in ^Ir. Mackintcth's cable, or less perfectly, 
but probably snlhcieuLly nt<ar int-xtHnuibility, by the steel spiral 
in contact with the incompressible copper conductor of 
Mr. Allan. 

The next branch of my subject to which I will beg your atten- 
lioii is lite fnriuntion of kiuka. The causes for their fonnation 
are various, the process of coiling aud uticbitlug beiug the first. 
The means of avoiding those so caused, while securing many 
other .'advantages, 1 have so often brought before the public that 
it would nnnecesaarily detain yon tf I were to do more than 
point out the model and diiigrama of the floatiag cylinders which 
I have always consiatenily advocated. But tb«re arc other 
oauses for kinks which might be avoided. No treatment could 
well be niure unfavourable fur a teietiraph cable than that of 
forcing it to ptLss round comparalively sm-ilt drums from 4 feet to 
b feet in diameter, aa brakes under a heavy strain, aud none 
oould bo found more certain to induce the formation of those 
kinks which are so much to be dreaded. Kow, kinks thns 
formed may occur under water, afier the cable has lieeu lost to 
sight iu ihe waves, and this will haprwa most often when the 
ship is pitching, and so suddenly stacking up the cable, which 
then not being able to sink Cuter than it did befure— being, iu 
Vcl| partially vraterborue— arranges itself into a curve such aa 



it had vfhen tightened ronnd the dram. The next upward pitch 
prodaoee a kink which may, if it does not break the cable, yet 
cause inside the elastic sheath solution of electrical continuity. 
This recoveni itself temporarily at the end of an hour or so, 
when the strain is taken oflf by the approoob of that part of the 
cable to the bottom and the ends of the broken copper wire cotue 
together again, ouly eventually to be destroyed by the accumu- 
lation of electrical re^^istauce at that poinL 

Now this can be in part avoided by the use of an elastic coo- 
nection for the rotardmg apparacoa— T will not call it by the 
ill-nrnfloed name of brake — nor should it be iu any way similar 
to those machines which have hceti hitherto uaed for such pur- 
poses; but rather like the human hauil, with the difference that the 
rubbing eui-facea must be rolling aurfaoea also. By sncb xneftna 
there must be e8tnbUshe<l a continual give and take of the cable 
whenever the ship ia pitching heavily, as even the Great Eaatem 
may do if she geU a sea on the quarter or bow. It sbonld not 
be forgotten that thedau^r of bad weather will, in tlita iiuta&oe, 
be double what it was m the Agamemnon's case, because the 
time occupied by one ship in laying mast ne<.-e8sarily be twice 
as great ae when two are employed, starting from the uid- 
AUaotio. 



IRRIGATION WITH TOWN SEWAGE. 
By Gboagk Kiho. 
(Cvndndtd from p. U7.) 
Iv 18G0, seven acres out of the ten, detached from the re* 
mninder by a large house and grounds, were broken up and 
again planted with early potatoes, ihe remaining three acres 
being left for a third year's cropping. The part of the Old 
meadows nearest to Itcntabrig, part of the glebe land of South 
Leitb, and along the back of Uie railway depot, the part leased 
by Mr. John Brown, luid suflereil severely from the frost, it 
waa iu a worse state than any of the Craig intinny meadows; 
this part ties much too flat, ;md requires reforming upon the 
bi-at priuciples of the bed system, otherwise it wiH be always 
liable to injury from the saue cause. Tliere is no doubt bat 
that the loss sustained by the reduced prices of those lots that year 
would have paid the cost of re-forming. The roup took place 
on the 30th April, two days af^er the Oraiginlinoy roup. The 
part first fouped wn^ that described as north siile of the bum, 
and which is far the best part of the meadows. The twelve 
lota, which comprise the whole length this side of tlie burnt 
averaged over £A0 per acre, one lot made £Ai per acre. The 
part nearest Restabrig, where the lots were moat injured by the 
frost, let at £19 5*., the lowest, but aa the roup proceeded 
towards the opfiosite end of the meadows, the prices row to 
.£3a I0«., the highest. The four lots of Italian rye grass 
reserved for a third year's cutting, were not quite so fine as 
the year before, but realised £^ per acre ta« lowest, .and 
.£35 15#., the higheat. The average amount of roup may be 
made upas follows : — 

S*. of 
lots. 



DflBEliptUID. 


QiuattUM. 


AT«nR« pw 
sov. 


Old Uaadows. 


A. 8. P. 


£ s. d. 


Kortb of Bum 


8 


10 


BemninOer of lota 


23 [) 


27 10 3 


ItaliAU rvu grass — 


3 


31 Ifi 





£ 


e. 


d- 


390 








605 


6 


t 


95 


8 






Total 



33 33 2 1 1O20 IS « 



46 

Owing to the damage done by the severe winter, the gnus 
does not appear to have averaged more per acre than the year 
before, but considering the time alloweil for cutting (five wsoki 
leas) the average price was much more to the consumer. 

The CtKANOE ilEADOWS, 

Theee meadows are situate on the south side of EAliuburgb, 
near the road leading lo Ijberton, and form a portion of th4 
Grange estate, the property of Sir Alexander Lander IHck, aotl 
are in hia own occupation. A small watercourse runs down th« 
middle of three meadows, and a carrier is cut along the aloplng 
ground on the south aide the whole length, in which it gaius s 
considerable elevation. Very little sewage fiuds it« way to this 
rivulet; it may, therefore, be considered as almost clean water- 
The two upi^r meadows and the suuUi side of the lower ooe 
are irrigated from this watercourse, but the north sida of the 
lower meadow gets a good supply of scwcr water from the 
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new bontos bailt on the GniDge eetate: thia part lies with a 
Mod wpect, auU, b&ving & pretty good supply of ftewage, is much 
the best. 

The groaud has not beeo at all levelteU; it lays with its 
tntoml fall, and has been formeci at very little expcuae. merely 
cuUiog the carrierfl and rouping divLiiona, with a few bridxett, 
for coDxiMiieni% of getting upon the lots with a cart. The k»ts 
are rather short, and ouuseqiieiilly «inall: the la<id uuder irri- 
gation ia 16a. 2r. 19^p. 

The roup took place on the 25th April, three days before the 
Ciaigiationy first roup. They eoiumenced with the best part 
Dorth side of wateroourse; this part coutaiucd eleven lots, 
amoontinfi to 3a. 3r. 11 |p.; the lowest lot made X'H 5*. per 
aere* aud the highest £40 5«. They then cruuded the water- 
omurae, aiid the lots 12 to 34, wltich run the whole length of the 
ftbree meadows on tbe south side of the watercourse^ and the 
two opper meitdowa ou the north side; the lowest lot was 
£li \5»., the highest ;£2.'> la. Jjota 35 to 3'.> lay on the top of 
the lower fivld above the lots first rouped. These lots get a supply 
of giKHl sewage, but not so plentiful as the lots rouped first. 
Tbe lowest pric« was £:26 10«^ the highest £31 1i)f. The result 
of tb« roup may !« summed up as follows: — 
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»This portion of irrigated meadow ia a good Bpocimcn of how 
ach may be done with a very sojall onUay — probably not ex- 
eding x3 per acre for forming the gruumf. 
Dalbot and Bobs Baks Meadows. 

These meadows lay on the west side of Edtuburgb, and, 
although tfa«y heloug to difTereut propriftors, are all in tbe 
occQpatioDof Mr. Thompson, and were nil formed by him, and 
are better known as Mr. Thompson's mea<lowB. They originally 
eomprieed about 90 acres, but are now intersected by three 
lines of railway, viz., the Eilinburgh and Glasgow, the 
Caledonian, Haymarket branch, and the Caledonian and Oranton 
bimncb, which croeses the two former at n higher level. 

Tlie railway oompanios have had to purchase about twenty- 
nx acres of the meadow ground at from £SGO to .£1000 per 
acre; but the (.'aledunian company have taken nViOUt five acre* 
of arable land from the L-state in addition. The companies have 
paid altogether about /33,00O for land and severence and 
tenaola' compeusatiou. 

The name Dal Roy, or King's Dale, shows that it was once 
wMtft land belonging to the Crown. The meadows form part 
of an extensive level, which was, in ancient times, a targe loch, 
before the river called the Water of Leith had worked its way 
deep enough through its outlet on the went eide of Edinburgh 
to drain it. This river has washed a gidly by the wefit aide of 
Edinburgh, nearly a mile in length, which at Dean Bridge is 
100 feel deep. Kose Bank, where Mr. Thompson's bouse stands, 
was evidently an island when the sarrounding Innds wore 
under water. Theau farmtt have boon in tlie oecupalion of Mr. 
Ttaompeou'a (amUy nearly a century. 

The whole of tbe meadows are irrigated by gravitation, upon 
the paue-aud-gutter s}*stt)m, niixnl up in purts with the catch- 
water, and in other parta the bed system. The natun-il shape of 
the ground has been followed as much as powible. The carriers 
do not run straight, nor are the rouping lots squara, or the 
uoes exactly upon an ineliue, like the Craigintinny Meadows; 
but a great expense hha been avoided in the tormation, tho Ix-at 
•oil has been kept on the surface, and tbe irrigation is, perhaps, 
more effective. 

The aewer-water which runs from the west side of Edinburgh, 

and supplies these meadows, is very gooil for irrigation; but just 

after it enters the mcoilows it ruecivee a large contribution 

from Messrs Bernard, Menzie, and Craig'a Caledonian Diutillery, 

which (loeH not imjirove the iiuality of the water for the purpose 

^^uequiretl; indeed, some time back they occrisionalty let the 

^Hlraata from the distillerr run away almost scalding hot, to the 

^^gTMi injury of the meadows. This ia now prevented, and the 



water is not allowed tu be discharged above a certain temperature. 
U is kept in Urge tanks to cool, aud duiin^ tbe process of 
cooling a great deal of sediment, from tbe grain useil tn distil- 
ling, Hflttlen to the bottom of the tanks, and is made into a paste, 
and sold for fiKxj for cattle at £2 per too ; but a good deal of it 
is dried and sold in cake^; at from ^6 to £7 per ton. In tbe 
pmoess of irrigating these meadows there are four levels in suo- 
ceasioa;so planued that the water, if required, can be used four 
times over before it reaches the river. The upper level is taken 
before the burn receives the writer frura the distillery, nod ie 
tbe best part of the meadows. 

From some cause, either owing to the distillery water, or the 
nature of the soil, which appears to be originally the washings 
from heath land, the grass is not so early as any of the other 
meadows, and tlie roup did not take place until the Bth May, and 
even then many of tlie lots showed too plainly the iujuriuua 
efiectsor the severe winter. 

They commenced the roup at Kose Itank, and along by tbe 
Glasgow rood, where the land has a good fall; the grass was 
very good. Some of these lota realised £^ per acre, out great 
part of Rose Bank meadows was reserved, ae not being in a fit 
state for letting. Tliese lotA were kept in hand for retailing in 
Edinburgh. They then proccodeJ with the part between the 
Edinburgh and Olasgow and the Caledonian Uaymarket lines 
of railway. This part was very much injured by tbe frost; the 
lowest price made was £l& per acre, and the highest, with the 
exception of one lul, was £il i&a. This iine lot was particularly 
fine, and was the iubject of smart competition; it made .£30 Ifif- 
They next proceeded with the part on the opposite side of the 
Caledonian line of railway, Uaymarket branch, and then on the 
opposite side oftheGranton branch. Here there ware agai-i 
some good Kits watered hy the aewage before it receives the dis- 
tiller}- water. This part lays with a good fall, and drains 
itHelf well. The lowest price here was i)ld — the highest, ^3^ IGs. 
per acre. Thifi finished the rouping. The results may be 
enumerated as follows: — 
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There is one remarkable feature in Mr. Thompson's meadows 
— the grass is not so liable to fall as in any of the other 
meadows. Tins enables him to get an immense first crop for 
retailing in ]i^inbur;gh. The gross ia tied in bunches aboot as 
much as a man can easily grasp with both hands, tied round 
with a bit of the grass. Ten nf these bunches are calloil a " lid," 
whiuh is sold for a shilling. One cart will deliver as much, upou 
an average, as amonnta to £4 per day; two or three carts are 
employed. 

Mr. Thompson showed the author where the grass was being 
cut for this purpose; it was about 2 ft. 4 in. high, and so im- 
penetrable that the eye conid not penetrate on inch into it, the 
blades of grass held up were about three feet high, this was on 
the i)th of June, The author stepped round a piece from which 
a ton had th.-it morning been removed, the area was about ISO 
square yanls, or about forty tons to the acre, this must be under- 
Btood to bo muoh above the average. When the gross 6rHt 
comes in it sells at £l per ton, bat as it gets more plentiful tt 
sells at 1&«. per ton, and has sometimes becm as low as 10«. per 
ton. 

Mr. Thompson states that before the meadows were made the 
farm would not keep above fifty head of cattle, and that it now 
keeps betwef^u 000 and GOO head. The oommcncx>roeut of the 
formation of the me:u]ows date« about forty-five years hack, but 
thoy have been m.ido piecemeal, some small poi lions having been 
added within tbe last two or three ysors. 
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Tde Qcakrt Holu Mxadowb, 
These meadows are on the east aide of lulinbiirgb, near the 
ro&ii leading from Abbey Iliil to I^eith; tbej funn part of & 
fkrm the property of the trastees of George Herriot's llospital, 
in the oooapatioii of Mr. Sfcimng. whoce family hnve occnpied 
the fonn more tbao a century. The raeadows comprise 
8a- 2r. 25p.; they were formed by Sir. Skirving Bome twenty or 
thirty years back^ and aro irrigated with the sewage from houses 
on Oarlton-hiU, namely, the Itoyal-torraee, Regent's- terrace. 
Car I ton -pi aop, fee. The whole i» irrigated by gravitation tipon 
the pane- and -gutter syntero: it lays with a natural incliuo 
with a very good fttll, and drains ttaolf well. It was origioAlly 
laid oat for rouping, and the rouping divisions form also the 
flo^iling gutters, which run the wliole Jeogth of the piece. It 
was foniierlv rou|>ed the same as the other ini>8dow<i, but latterly 
has been all rented by one party, Mr. McLntosh — Mr. Skirving 
reserving the control of the water, as in the cases of the other 
nioaiiowa. Previous to 1860 Mr. Mcintosh paid JJ220 per year 
for the 6a. Sr. 26p., but ihat year it was raised to X240, and ia 
now (1865) let for £3A0. 

Sumwutiy of Trrigatvl Mvxdtiw. — Orwgintinny Meadows. 
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As Mr. Mcintosh rents the meadows from year to year ho 
does not appear to have an interest in skinning the grnaa off so 
close at the end of the season, which certhinly has a great in- 
fluence upon the graas in the succeeding spring, the gnuts is 
ready to cut ranch eArlier: they began to cot a few days before 
tho lotting of the Grange meadows. From the simple manner 
in which the irrigntiun is formed, probably the expense would 
not exceed £-1 per nci-e, with theexeoptiun of one piece, which 
requires lowering down to the main carrier. 

BoKltiiroTON-itoAD Meadows. 

These meailowa are small in extent — only four acres; they 
form part of a field occupitHl as garden ground adjoining Itose 
Bank Cemetery, neartoLeith, they are irrigated by gravitation, 
|iane-»nd-gutteri the ground lays with its natural fall, aud waa 
irrigattHl atlittlo expense, perhaps less than £•'* per acre. Tho 
water is supplied from the north aide of Carltoo-hill, and would 
b« sudicit'Ut for mucli more irrigation if there were land to be 
had, but the cemetery immediately jntDs, and after that the 
houses of Leith. The meadows were formed by Mr. Beed, tho 
present occupier, who lets them out privately in lou; they 
avenige /24 per acre, and are tlie most recently formed of any 
of the meailows. 

In carrying out tho foregoing summary it must not be under- 
stoHxlas repreaeuting the exact awunt of money made in each 
iudividunl case; it is merely the averages, carefully taken, and 
probahly approximating very nvar to the fact. In oixler to 
asooi-taiu how near the averages apptoximate,thcexaclamouDtof 



money made by the roopings of three different parts of the 
Crai^ntiony meadows was taken — namply, the Sea meadows, 
the Fillienide mat of bum, and the Bumiwnrds meadows— 
which amounted, together, to i;i940 6r. 4^d.; aud the average 
amounts uf those three porlioun, as will be seen by the table, is 
£194\ in«. fi^. AccoMing to this result it may fairly be pre- 
sumed that the aremges will not be far from the facts. 

It appears, from the afore«nid summary, that tbe total qaantity 
nf land at present under irrigation with the town sewM* is 
347a. Ir. 36ip.; tJiat the total average of tho mnney miide by 
tho roupinga or sales of the grass arnouots to /9529 17«. 4|A; 
and that tho av«rage per acre, upon the whole of the meadows, 
is .£27 Sa. B^d. 

Taking them suras at thirty-two years* purchase, as in the 
former case, the average value per acre of the land is £811 12s. &d, 
.nod the total amount of capital reprcsenttn) in £304,95d 16r. M; 
and, taking the value, irrespective of irrigation, nt £S per aer« 
per annum, gives a valae of £160 per acre, and on amount of 
capital represented by £.V>,6O0, which, taken from the former, 
leaves .££49,3S5 16j. 8<<. as the amount of capital represented by 
the irrigations. 

Those figures show plainly that a quarter of a million of 
money, or at least money's worth, has been made of a portion 
only of the fowage of (iAiiuburgh, and that every acre of la»d 
under its inAuence produces ten times the amount of the areiag* 
of agricultural land In tbe country. 



rJWEUJNGS FOE THE LABOURING CLASSES. 

The Society of Arts ap[)ointetl a committee, some time HOOa^ 
to consider the subject of dwellintfs for the labouring clawB^ 
and that conuuiltee has just made the following report, which, 
embodying as it does the result of a lengthened iuvestigattoo of 
the whole subject, will be read with interest:— 

''The wnsidemtion of the best means of improving the dweQ- 
ings of Uie labouring classes has for some time engaged the 
attention of ihe Societyof Arts. In February I860, Mr. Twining 
undertook to collect informatiim, both hnancinl and sanitaiy, 
with regard to the efforts then bein^ made for providing improved 
dwellings in town and country. The result of his inquiry was a 
large and important collection of statistics, which are now 
dopuaitod in his museum at Twickenham, in order to reduce 
the information thus ciilli'cttKl into a shajw whit^h might be use- 
ful in future efforts in a similar nature, n special committee was 
appointed by the couucl) on the 4lh of November, 1863. Th« 
report of this conuniltee, which has been printed and circulated, 
was prepared by Mr. Kigby, with tlie asataiance of Mr. Twining 
It contains a concise nccoout of variooa blocks of dwellings and 
renovated houses for families and single men in the metropolis 
and suburban districts, under the management of societies 
e.<ttabliithed for improving the dwellings of the labouring classes, 
or of individuiila iutereatcd iu the same subject, together with a 
statement of the primary on tLiys, annual receipts and expendi- 
ture, and other particulars of these various buildings, arranged 
in a convenient tabular form. 

With a view of eliciting further information on this important 
sobjeei, the council invited the attendanoe of all those who were 
inteiested iu the movement to a oonference on the 26th May, 
1864, and ou the following day. A Urge number nf those won 
ha4l taken a leading part iu providing better dwellings for tbe 
labouring clangs, both iu London and the eounti'y, attended tbe 
conference, and much interesting discussion took place. It was 
strongly ur^d upon the council, by this meetmg, to form a 
committee l«r the purpose of taking the whole subject into 
consideration, and in particular for oonsidering in what way the 
legislature could promote the erection of proper and sufifcient 
dwellings for those chmso^ who are so much in need of them. 

The council acrnrdingly, shortly before Christmas 1864, iRSued 
an invitadon to varinun pr>rsoiis. whivis interest and experienoe 
in the subject were likely to render their advice valuable. Tlie 
oommittee met for the first time on the 22nd December, 1604, 
aud continued their sittings during the spring of thlayear. 

At the tirst meeting of the committee it was uuanimonalj 
resolved that it was not necessary to cullcct lacts to establish the 
unfitness of the greater pnrt of the dwellings of the Uboonng 
classes as habitations for re<tpectable and welT-oonducted fiuntlies^ 
or tu prove that the excessive overcmwding which now exists ia 
such awellings promotes crime and immorality, harbours disease. 
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aod materially le«Mu« the effective pover of the working-oUnM, 
by injuriog their health aud nhorteriiDg the durAtion of their 
Uvea. Nor was it cooaidered neccstiar/ to inquire loto the effect 
prodaceii b; these bAdlj-conatracted, iU-veotiJatcd dwellingi on 
the poor-rates, or toto the Arnouot of diicontenl which the 
admitted wiut of proper dwclliogs creates in the minds of the 
workiog-cUmes. The cotnmittee nlso recognised ibe diBtiDction 
which mnst b« drawn between a-uociations for piMviding improved 
dwellings, hj iDveatmeots, for the labouring cUsaes, Vhe capita! 
for which is subaeribed with the ilouhle object of obtaining a 
£Ur interMC on the mon^y advanced, find of elevating the serial 
and moral eonditioa of the working classes; and the regular 
inrestmont in such buildings by builders, who must obtain the 
ordinarj commercial profit on capital U!«ed in L>uaineu. In the 
first caae, a dividund of 6 psr cent., with au ample ftiud to pro- 
Tide for all ooDtingencies, mieht bo considered enfficient, whilst 
in the other case a very luucn larger return would be required. 
ConaideriDg these fact« as fully established, the cotnnailtee pro- 
Ofeded to inquire into — 

I.— TIic canses which appear to retard the erection of proper 
house accoroTnodattou and the improvement of existing houses 
for the working classes in town and country. 

2. — The ujicnition of imperial and local taxation OD such dwell- 
ings; and the expediency of relieriug them from all or a portion 
of such taxation. 

3, — Tlie effect of the law of settlement and removal of the 
poor upon aoch buildings in oountry dtstricta. 

4. — The probable effect of extending the area of local taxation 
in town and country. 

6. — ^The operation of the laws rel,^tiug to the transfer of real 
property in small plots, and tho conveyance of chambers and 
•nites of rooms. 

G. — Tlie operation of the destruction of hooaes by railways 
uid other local improvements. 

7. — Tlie desirabiliiy of facilitating the conveyance of labourers 
to and from their work by railway. 

8. — Whether the pravisioni contained in the existing Acta of 
Furliaraent, for granting loan<i for the improvement of estates, 
snicht not be exieoded to the buUiling of cottages, and if so, 
under what special conditioua 

9. — Whether the provisionsof tho Common Lodging-house Act, 
«nd other statutes relating to the public health, might nut be 
advantageously oxten<led. 

10,— Wliether there are any other means by which the legis- 
Utnre can promote the object in view, 

Tntproiyed Dwetiingt for Lubotirert not Rmtu»erativ«.-^ll was 
ahown that laboureni living in tho roeti*opolia and other large 
towns, pay a larger proportion of tbcir income for rent than any 
other class in the country, aud even then are unable to obtain 
snitable aocommodatiou. The immediate cause of this state of 
things, in places where the law of parish scLtloment does not 
CAQse an additional difficulty, is tlie fnct that providing sadi 
dwellings for labourers has not been found commercially remu- 
nerative. The efforts of societies and benevolent individuals are 
every year becoming more extensive, and from the beginning have 
been appreciated by the induatnous claaaea They have nlreody 
accomplished a great amount of gfod, and have set au example 
which, it is hoped, will be more extensively follnwe^l; but it will 
be long before tliu existing evils can be more than slightly miti- 
2at«il by such mcjuia. At present the dwellings provided in this 
manncrin III':' luoliopoHsonlyaccommodateaboutTOiX) persons, and 
the coiumerciai results are not such as to encoui-age builders and 
capitalist* to nndortake tho building or renovation of dwellings 
for laboun-rs lu an ordinary matter of buainesa It appears, 
from the statistics coilecl«d by the Society of Arts, that it rarely 
happens that such nndertakings produce a higher ilivideud than 
5 percent, on the originiil outlay, and that in luceb cases the 
returns arc smallfr. This rate of interest may be expect<^ to 
satisfy a large number of capitali.iu, who are wilting to accept a 
moderate return upon capital when conuiM:ted with such 
important philaJithropic objects; but tt can hurdly be expected 
that dwellinuft will be provided in anything like sulfieieut num- 
^^^ bers, until tliey can be made to produce such a return as will 
^^B eompensalo a builder for investing his capital in this kind of 
^^P property, attended as it is with so much more risk and trouble 
r than hnuHt-s oi a ttU|iorior cliuw. 

I The diltiuulty of reuiedyiug this state of things Is aggravated 

I by the fact that the wretched houses, which too many of the 
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labouring classes now inhabit, are, in their present condition, 
highly remunerative to the landlords. Conseaueutly auch hooMB 
fetch a high price when brought into the market. They may be 
made to yield a good profit in the hands of those who care 
nothing for the moral and physical well-being of tlieir tenants; 
but the expense of putting them into proper sanitary condition, 
and adapting them to the wants of respectable workiug-meD| 
reduces the returns so much as to render tlie undertaking, in a 
commercial sense, anpro6 table. 

It may be heru reniarkeil that the reproach which boa been 
somctimDfl brought against societies established for providing 
improved dwellings, that they consider only the wants of the 
higher class of labourers, is not now ded^rved. Several societies 
have now under their management both blocks of buildings and 
renovated cott.igea, in which the poorest labourers are accommo- 
dikted in single rooms at weekly rente of 1«. 3</. to 2i. 6dL The 
effect of this iq to bring the societies into closer competition with 
the class of landlords before spoken of. 

Some of the causes which tend to render such property nnre- 
munerutive are beyond the control of any intorferenoe, as, for 
Instance, tho increasing value of laud and buildiugs in the great 
centres of industry, and the excessive wear and t«ar of buildings 
inhabited by poor tenants. The other cauacs may be classed 
under two heads— 1, Those which may bo removed or modilied 
by the legislature. 2. Those which must be remedied, if at all, 
by incre^ed earfl and cxperionoe in the imrcliasiug of aitt-a, and 
in the erection of buildings, nnd in tho pmciug tlicm uuder ccono 
niical and efficient nutnagrincnt. 

The committee, at the outset of their deliberations, determined 
to direct their attentions prtDcipally to the first of these two 
classes, with tho hope tb:it they might be able to suggest such 
amendments of the law lu would secure to capitalists, investing 
money in this kind of property, a fair return on their capital. 

Among tho burdens which press upon the owners of houses 
or blocks of dwellings for the lubouring poor, are the following:— 

Rata and Ttumt.— It has been commonly put forward, and is 
very generally supposed, that the amount of taxation, lucal and 
otherwise, to which property of this kind is subjeut, is so large 
as materially t<> affect the returns which a capitalist or boildw 
would calculate upon as remunerative when contemplating ths 
erection of dwellings for the labouring classes. 

It appeara to your committee, after inveetiguting tho accounts 
connected with a considerable number of such dwellingR, that 
ibe total amount of taxation from idl souroea does not exceed 1^ 
per c«nt. ou thL< whole capiutl invested, an amount which, even 
if the exemption from the whole of such taxations were practi- 
caUe, is too small to exercise any apprecLible iuRuencu ou tboee 
contemplating the investment of capital in an undertaking of 
this nature. Uuder these circnmstauces, and considering the 
violation of sound principles involved in making any exemption 
in favour of any particular class of house property, Uie committee 
do not feel justified in proposing the ado|>tion of any measure 
of exemption. 

The house duty may bo usually avoided In blooks of buildingSi 
whose sixu would otherwise make them Liable to it, by giving to 
each set of a[iartmeuts a door opening to the external air, and 
making them thereby a dialtuct tenement. This is called the 
external gallery aysiem. 

Pariah Hating in the CoKn/ry.— »The qaeation of charging 
the relief of the poor on the parish or on the union, is one which 
peculiarly affects the building: of cottages in the oountrv. The 
present system has lung been found one uf the grsatest oostades 
to the proper accommodation of labourers on the estates on 
which they wnrk; nnd the committee wero prepared to recom- 
mend an amendment of the law by the extension of the charge* 
ability of the poor I'rcm the parish to the union. It is a 
gratihcation to the committee that the same views on this 
important question hare been generally recognised by the legisla- 
ture, and that they arc likely u> be carri&l into opertitiou by the 
bill uow beforv parliament. The committee confidently expect 
that many good results will follow from the adoption of that 
measure. 

Pari»h Hating in the MetropoUt. — It was a subject of oonside* 
ration by the committee, whether similar good results would not 
be procluccd by extending the area of charceabilily in the metro- 
politan districts. In the discussion of tnia qaeation the com- 
mittee were much aided, by statistical tables furnished by Mr. 
Pamall, and by his large experience in this subject. UappMred 
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(Vom thene tahtes^ in which the amount of the poor-rates were 
reckoned oceordiog to their proportioD to the grou reotal, iDBtead 
of on the present capricious ayvtem of Munment, that the 
pmsare of the rates od property id the metropolitjin parishes 
IS QOtao uuequa) an is gcuenilly supposed; and ia the opinioo uf 
the oommitle^ t'lc inequality nttich really exists, does not in 
any perceptible degree fonu an obstacle to the ereoUon of 
dwelliogs for the iabouriog poor. Whatever other causes, there- 
fbre, may exist to render it desirable to extend the area of 
obargeability in the metropolis, the crmmittee do unt think that 
such extension would produce any sensible effect in furthering 
the object spedally unuer their ooDsideratioo. 

State 0/ th9 Law of Heat Property. — Some very interesting 
discussions took place on the difficulties the present stnte of the 
law of roal property interposes in the way of those who are 
desirous of providing dwellings for the labunring poor, and of 
labourers who wish to become the owners of the dwoUings ia 
which tUey reside. 

Much of the Innd in London and other large towns belongs 
to charities and ullier corpuraliotm and ^rHonii undi^r disability, 
or is in strict aettlemeat. Much haa been done by modern 
t^ialation towards enubling trustees of settled estates aod limited 
owners to grant building leases, and to sell poiUons of the testate 
for the benefit of the rest, under the direction of the Court of 
Chancery. But, iudependeutly of tlie expense of an apnlication 
to the court, there are maDj caaea which ore nob met by these 
emctments. 

The committee suggest that corporations, limited owners, and 
persons under disability, should have similar powers of selling' 
small piecus of lan<i for improved dwellinjjR for labourers, as they 
liave now for selling sites for cohoots, under the 4 and 5 Vict., 
c 36, and for literary and scieniific institutions^ under the 17 
and i8 Vict., c. IIS. 

The committee had the advantage of the presence of Mr. Hare 
to explain his scheme for enooutagin}; the iuveatment by labour- 
ers of their savings in the pnrchase of acts of rooms iu large blocks 
of dweliinKS. He proposes that eich block of dwellings shouUl 
be regiatervl under the l^and liegistmiion Act, and should 
obtain a rerliScate of indefeasible title; that when thai Is dune, 
the building should be withdrawn from the ordinary laws uud 
iDoideuts uf real property, and sliould become personal estate; 
and that the apartments iu tt should be transferred as separate 
tenementa, in the same tuanner as stock is tmnsfeiTed m the 
public funds. In this way be hopes that the tenants would be- 
come absolute owners of the rooms in which they live, paying off 
the purchase money in a limited period by instalments, very 
little more tiian their rent aa weekly tenants. He also proposes 
that the maiiogeutvut of the entire building should be vested iu 
a committee chosen fnnn the ownvra of ruoms, who would 
regulate their motnal rigliU nnd liabilities, and enfurcu the good 
pmervation and repair of the rooms and the onlerly conduct uf 
the inhabitants. The cotnmitlee agreed iu the expediency of 
any mode of facilitaiing aud chwipt-ning the coiiveyanoe of 
miiall tenements, but they cfusidered that the difficulties and 
embarrassments, both to suller and buyer, which would arise out 
of any plan by which the apartuieuts in a large bluvk of build- 
ings would become vested in individuals of the labuuriug cLus, 
would outweigh any benefit which might arise from it. The 
danger of auch small t^rnemonls falling into the huuds of specu- 
lators, whw miRht take advantage of the ntcessities of the 
original owners; tlie obligaLioii umter which the working classes 
live of continually and sud>Iuuly changing their residence iu 
eearch of work; the probability that the rooui:^ would not he so 
well kept as when owned by a company, and the difficulty of 
JUranging the mutual interesta of hu many Htuall independent 
freeholders, seem to the committee inHupentble objections to the 
scheme. At the same time thei-e appeui-s to be iioihing in .the 

B resent state of the law to prevent a company ovrning such a 
lock of dwelling.'*, after tlioy have obtained an indefeasible title, 
from letting th« seln of ruums as separate tenements on leases of 
any duratinn, subject to prtjiwr Kimiiary arrangementa; and the 
cotiimitt«e believe that euch a plan mi^ht, iu nutny cases, be 
desirable. In such a case, the tenant would secure the benefit 
of a lower rent than if ho were a weekly tenant, and would 
acquire the fecliug of property in his own home; wliile, at the 
same lime, the company would be secured by covenants and 
powen of entry against diUpidalions and misuse of the 
tenement. 
Loant bjf Ooverntnmt. — Numerous acta have been passed, 



commencing with the 67 Geo. ITT., c. 34, for enabling the public 
hian eommissionera to advanoe money at a low rate of interest 
for publio works and the employment of the poor, the money 
borrowed being repaid by instalments in a limited |)eriod. The 
9 and 10 Vict, & 79, is the act which regidates the preaenl 
practice. By the 23 and 24 Vict., c. VJ, the Public Works Acta 
(Ireland) were extended to authorise the advance of money for 
building cottages for labourers in that country. In England the 
public loiin cotnmiasioners have never been authcrised to advanoe 
money fur that purpose; but by the 9 and 10 Vict^ c 74, they 
are enabled to lend money to veatries on the security of the rati 
fnr building public baths and wash-houses. By the 14 aod 1 
Vict., c. 34, the same onmmimioners are also eraptiwered to lend 
to boards of hmUh and other local anthoriiies, in like manner, 
money for buitdiug l<:>tlging-houBffs for the poor; this act, how- 
ever, is eDcaml>ered witn ao many conditions that it has beta 
practically inoperative. 

There is also another series of Acts (9 and 10 Vict., c. 101, Ac.} 
enabling the inclosure commiasionera to advance money in the 
same way to landowners for drainage and improvement of land; 
and under the Private Advance for Draina^ Acts (£7 and 28 
Vict., 0. IN, &c.) tenants for life, aud other limited owuers, cao 
borrow money from private sources for the same purposes. The 
incloanre commissioners appear to have no power to advana 
money for bnildiog oottngea, but this may be done by the Dmi 
age and Litnd Improvement Companies. So far, therefore, 
relates to cottages in the country, tlie committee do not desir 
any alteration in the law, hnt they recommend, with respect t 
labourers' dwellings in towns, that the public loan commiaaioner 
should bave power to advance money, at a mte of interest not^ 
exceeding 'i\ percent^ for building such dwellings, ^ith due 
regard to sanitary armngemi^ntH. The commtttt;e believe that 
by such assistance the promotcnt might be enabled to add 
materially tu tlivir prutits, luid that the building of such dwellings 
would thrreby be mnch encouraged. 

Demolition by Raxlveay4, A^c. — The effect of the demolition of 
the homes of the poor by local improvements aud by metro- 
politan railways haa been lately very much befi>re the public. 
In the Earl of Shaftesbury's speech on the :ilsC March, in 
moving for an amendment of the standing order of the House of 
I^rds upon this subject, his lordship stated that the houses for the 
demolition of which notice had been gir^n nuder the hills before 
Parliament in the present sesaion, amonnted to 3fl00, containing 
a population of 30,000 persona Although a large number of 
these houses will not bo actually dostroye-l, being merely included 
within the limits of deviation, yet the numliers ^\\a some, though 
an imperfect idea of the vast amount of inconvenience and dis- 
tress such worku iiniHi protluce among the poor. It has been 
proved, by careful inquiries on similar occasions in former yearSi ' 
that a very large proportion of those who are displaced do noM 
leave the immediati^ neigh bonrhnod, but crowd ftill mrire the 
already over-crowded dwellings of the same parish. And, in 
most cases, the committee tielieve that this is not merely a tem- 
porary evil, becftiise the necessity of being uejir their york forms 
nn obstacle to their dispersing into more diitUiiit places. It la. 
the opinion uf the committee that where public oompauIflT 
destroy houae« inhabited by the working classes under com'l 
pulsory powers, they ought to be oompclled to provide auflicieal 
improved dwellinss wiihiu a convenionl distance for the sain 
classes in place of those destroyed, and that they ahonid liav 
special powers given them for that purpose. An evil ia Hkewia 
snmetiuies peri^etruted by railway comiuinies, though probabb 
to a coiuiwratively small extent, by taking the yards or bael 
premises of houses, and re-selling tlif m for occupation by labour 
Mrs, with HMluce*! sjinitary arcumnnHlatiou. The committee i 
of opinion th.-it in such a cn^e the company should not be ullov 
to soil such houses without making provision for their pivipotf 
vontilatioa aud fur the sanitary accommodation of their' 
inmates. 

Workm^n'ii Trains. — Another plan for relieving London ofj 
some part of its overcruwUed population is to enoonragH 
labourers and their families to live a few miles out of IjoodoaT* 
and to transport them to and from their work in the rooming 
nud evening by cheap truina. The number of nuuill hunsea now 
building in the suburbs of Lnndnn i^ very great, and oa wurking 
men discover by uxfwriencc tbc advantages arising' from impruved 
hinlth to themselves and to their families from living away from 
the crowde^l streets where they now liHtge, the demand for them 
must increase; but even this improvamuut will be but temporwy, 
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uitl trill shortly pro^Inoe a mw set of 9vila, anieu the erecttOQ 
of theoe buDies be carefully WAtched, &ad their draiuage, vuuti- 
Ifttiqn, &■;., b« properly aueuiled to. Frecnutioofl against over- 
cruwiliu^ will altu be as niuob raquired aa id exiatiog liotuea. 
The )L«trupoliiaa Bulway Cumpouy bHve beeu trying the 
ex^riiueut of running workmen's traiua for sumo iiiuiithH niih 
mcirk«4l aucc««s. Th(iy provide earLy tratca Trou PaddiDgboa and 
from the Oily, which are used almost exctusiwly by workiug 
m^n, and tbuy allow them to return by any train in the aft«moon. 
No iooouveoieai. resirictionti res|>«ctiii}; tickets are impotMd, and 
the weekly increase of numbers ia very ^Usfactory, and when 
ih« system is extended to Hammersmith aijll better reinroe may 
be siiticii>Ated. The I^oodon, Chatham^ and Dover Jtailway 
OnufMuiy have done the aame, in pursuance of a cJanae in their 
Act, liuoe the be^iiiiiiugof Msrch. From a etatemetit by Mr. 
Forbeit, the guueral mauager, in a letter quoted by Lord Shaflea- 
bary, in bis fl|>eGch before referred to, itnppears that the uamber 
of workman carried by their trains has iucreased week by week; 
but the QDUcce^sary reacrictiuoit iuifioaed by this oumpany iifion 
the men tiairt;; these trains must be removed before the low rates 
wilt be profitable to the cumpauy, or available, to any important 
extent, to workmen. 

The committee tlesiro to express their decided opinion that it 
would be for the benefit of the comninDiiy at l.irge ttiat all the 
metropolitan railway companies slinuld provide cheap means of 
transit, at coovenient times, for laljnnreni; hut they heoitate to 
reeommcnd that ihi« sliuuld be made compulsory in all cims, 
believing that if their views of the reenlts likelv to arise from 
each acnv>mmodation to the working classcti be correct, the 
dircclon of the railway companies will not fail to adopt them. 
There is also another view of the subject which must be noticed 
by the committee, namely the tendency of manufacturers Co 
rvmovexheir works from the crowded ccutrea of large towns to 
aoburbau districtd. Such a practice is likely to produce very 
beneficial Tesnlts. While healthier dwellings are provided for 
thoee who work in the roaDofactorleo, the overcrowded condition 
of those who are obliged to remain in the heart of the cities wlU 
be proportionally relieved. 

Enforcing the Sanitary Laws, — Wliatever progreaa may be 
made in buildiug or adapting houses by individuals or societies, 
the great mass of the labouring population, for many years to 
mme, most necessarily live in very crowded neighbourhoods, in 
hooaea now existinj^, and not ori^^ioally adapted to contain 
several f^tmilies under one roof. It is, therefore, of the grat im- 
portance that the owners of existing houses inhabited b^ the 
poor, should be obliged to provide those sanitary appliances 
which are required for the preservation of the health of their 
tMUUite, and U> check, when it occurs, the progress of infectious 
disease. Jjoub experience has shown that nothing but constant 
Inspection and compulsory measures will meet tne careleaanoaa 
ana cupidity of the owners nf this kind of property. The 
preacnt sanitary laws are couipreheuxive, and od the whole 
efficient, ullliough there are some particulars iu wbicli the com- 
mittee think they require amendment, ospeciatly with relation to 
the iuspectioD o? houses let to lodgers, but unt now subject to 
the provieious of the Common Ijodging-house Act. Tlie pro- 
risioiu of the sanitary acta are not, however, sufficiently koowo, 
nor do those wbo are qualified by iutelligeuce and position to 
attend to the sanitary coadition of their own neighbourhood, 
interest themselves as much as could be desired in aeeiug tliat 
the powers of the law nre put in execution. 

The committee reeoromeotl that a concise analysis of the sani- 
tary laws should be prepared, and that the defects of the exisl- 
Log lava should be printed and circulated. In tbia way the 
aUeotion of men of education and intelligence would be called 
to the subject, aud they might he iuduced to take part in sani- 
tary work in the neigbbourhoud in which tUey retude or caixy 
on business. 

In the ouiotry districts the sanitary condition of the peoplit is 
regnlated by the Nuisance Removal Acta, IB and 1!) Vict., c, 
121, and £3 and ii Vict., 77, and tli* Local Government Act, 21 
and i6 VicL, c. 98; the power being vested in the Local Board of 
Health, or, if there be n<me, in the corporations of towns, boiLrda 
of guardiAas, or parish veitti-iea, acoordlog lu the circumstaucm 
of each locality, 

In the City of Loudon the power is vested iu the Com- 
miaaianera of Sewers, under the acts regulating the tulmiuism- 
tiou of the City. 



In the other Metropolitan districts the vestry or district 
boards are the local authorities for tbe removal of nuisances, 
under tbe Metropolis Management Acts, 16 and Id Vict,, c. 
120, an^l various amendment acta. 

By the 21 and 22 Vict, c. 97, the powers of the Qeueral 
Boara of Health were ti-ausferred to the Privy Council, which 
has a general superin leu deuce of aauitury matters. This branch 
of their dui.tH«t in practimlly exercise<l by the medical oflict'r of 
tbe privy council. The committee think that there ahoold be a 
committee of the privy council constituted as a separate depart- 
ment, to which appeals might be made from the local authorities, 
and whottf duty it would be to consider the recommendations 
diutated by the ex))erionce of the district medical officers. Tbey 
also recommend that the apjiointnient of pro|ier inspectors of 
nuiaauced should be compulsory iu all places, so that it should 
be the duty of such inspectors to report forthwith to the local 
authorities all uuisauoed wbich exist, without waiting for tbe 
complaint of other [persons. 

The committee further recommend that the me^lical ofRcera 
of health should be ii'removalilo without the cooaeut of the privy 
council, and that the amonui of their salaries should be subject 
to the approval of the muie authority. The duties of these 
officeni, if pru|>erly performed, are liable to bring them into 
collision with the iutere^ts of peraous having iufluenco in the 
vestry, and it appears of great importauce that their inde- 
peudeuoe of actinu ahould be secured. It appears aiao to the 
committee, that both the Nuiaanues Beuioval Acts, aud tbe Uetro- 
]iolitau Management Acta, &re deficient, iu not giving to the local 
authorities sutBcieut powers to oblige the builders of houses to 
make pro|»er provision for dmiuage and ventilation. 

TheSnth section of the Nuisance Keiuoval Act (18 aud 19 Vict., 
c. l;2l)also requires amendment. It gives power to the local 
authorities to take proceedings against the owner of a house in- 
habited by more than one family, if it shall be found to be orer- 
crowded; but it leaves iu doubt the case where particular rooms 
in a house are overcrowded, as well on the case of a single 
family in a small bouse of one or two rooma. It is however 
to be remarked that the medical officers find it Impnaai- 
ble to interfere as they wish with the overcrowding of 
houses, because of tbe difficulty, it should rather I)e said tlie 
impo«caibilily, of the poor finding accommodution elsewhero. In 
this, as iu other dutuils of sanitary inspection, over-strictness 
may become oppression, aud aggravate, instead of alleviating, 
the hardships of the poor. Until more and bettor dwelliogs are 
provided, and uutil the labouring classes have learnt wore fully 
themselves to appreciate the bleeBings of air and cleanlinesu, 
no sanitary regulations can be aatiafactorily curried ouL 

The committee in couoluaion recommend to tbe ooqqcU: — 

1. That corporations, limited owuera, &c., should have increased 
power to sell land for the erection of dwelliuga for labourers, 
uniler conditions as to proper drainage, ventilation, aud sanitary 
regulations. 

2. That the public loan commissioners should be authorised 
to lend money, at a rate not exceeding 'i^ per cent, uer auuum, 
for building dwellings for the labouring classes, uuder suitable 
guarantees and with duo regnitt to sanitary arrangements. 

3. That iu all future railway acta, and acts for local improf e- 
menta, when houses inhabited by the working dasoes are 
deetrjyed under compulsory powers, such ccmpaniee should be 
compelled to provide, within a oonvenivnt distance, other dwell- 
ings in lieu of those destroyed. 

4. That the following ameudmetita should bo made in our 
sanitary laws: — 

a. That tlie appointment of inspectors of nuisances throughout 
tbe country should be ooinpulsory. 

b. That increased power be given to tbe proper local authori- 
ties, to oblige builders of houses to provide adequate drainage 
aud veolilatiou. 

c. That the mwliciil officers of health should be irremovable 
without the consent uf the privy couucil, aud timl the amount of 
their salaries should be subjeot to the approval of the same 
authority. 

d. That houses in which lotlgera are taken, especially where 
particular rooms in a houae are overcrowded, should bu brought 
uuder more efficient inspection. 

J}. That with the view of extending an nccurat<» knowledge of 
tbe iMjwera contained in the various acta relating to the removal 
of unisauoe, the oouueil is teoommeuded to prepare and publish 
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a conciw ui&lyaiB of the existing Iaw, calllog the fttteatlon of 
the educated cI&cms to tbie important subject, and poiottog out 
how they luay, merely by a little attautioa and exertioD, coufer 
iQoat importaut beoeiita upon a large mass of workiug people 
and upon the country genernlly. 

C. That the council be requceted to taae audi meflauroa m it 
njny think advisablo to bring the first four of these reooinroenda- 
tioua aa aoon oa [luaBible under the uoUca of Uer Majaaty's 
OoverDment." 



CREEDS AND TEMPLES: THEIfi RELATION TO ONE 

ANOTHER IN PAST AND PRESENT TIHES.* 

By H. H. Statham, Jun. 

Out a first view of the subject, it would appear that under no 
circutuatanon might we be so well justified in looking for an en- 
tirely new fttyla of leiii|)lt) arohitecturo aa under t^c rise and 
spread of a poltgion ao new in chnracter, ao completely in oontraat 
to all the existing f&iths of the then civilised world, aa the 
Christian. Bnt the absence of auch a atylc in the moat atriking 
exemplification of the fact, which meets us elsewhere in hlatory, 
that the rine of a purer religion or the reformation of an old and 
corrupted one, is always acoompanied by a corresponding neglect 
of temple architecture. This was commented upon na eady an 
the fifth century by laidore, who remarks "that in the time of 
theapoatles, when spiritual gifts abounded, there were no temples; 
but Dov the buildiuga are adorned more than neoeatary, while 
the church baa fallen into dlBgraea." Daring tiie first years of 
Chriatinnity, of course, the persecution to which it was aubjected 
would have preventc«l the erection of auy public pUce.-i of 
worship; but, though duriug great part of the ttiird century thtf 
Cbnatiana enjoyed great toleration, and their numbers rapidly 
iBoreaaed; and though eveu in the second ceutury we find 
evidence of an organised church government, represented by 
bUhopa and preabyten*. there ia nothing to show that thprr were, 
at this time, any buildings upHciidly erected and set apart for 
purjKtses of wombip. And when, at the oommenoeinent of the 
fiiurih oeiiiury, the empire under Constantioe became nomiually 
a Chrifltian one, and the church emerged from its obscurity into 
comparative power and honour, the necessity for some public 
place of meeting waa' supplied neither by a new style of temple 
nor by the a<ljiptntiou of former ones; but by the moat oouvcnient 
buildings that came to hand, the disused basilicte or hulls of 
justice of the extinct heathen empire. 

There was more than one reason for thia choice. The early 
Christiana regarded with horror everything connected with the 
old religion; the guila were to them dtemoua, the temple-s pol- 
luted by pagnn aaaocialious. The basilica?, besides that they 
were free from thia objection, were iu fact so admirably adapted 
for the purposes of the ChriBtian«i, that the new churchep, when 
built, were for a long time exactly on the name model. They 
presented in the great hall an admirable aita for a large aaacmbly, 
while the aeat in the oeutre of the apae, from which the pnctor 
had administered juatice, formed a dignified throne for the bishop, 
and the prflKbytera occupied the aemicinnilar feata formerly 
appi-opriated to judges and lawyers. This simplicily of arraoge- 
nient, however, did not long ooatiuue, for church government 
waa almady in a much more advanced state than church bnild- 
ing; and *»*» e^rly as the beginning of the fmirth century the idea 
had developed ita^lf of a peculiar aanciUy residing in the 
clergy, »nd of the neceaaity of their separation from the laity, who 
■were already begionLng to b« ruled with a rod of iron. And 
though down to the ninth or tenth century the basilicA rvmaiuud 
the priuci[)«l type of churchy the actual halls ihemaelvea were 
not very long retained as places of worship, owing to a feeling 
which led the peoj'le to aoek out sites consecrateifby Iho mar- 
tyrdom uf wiinta. There is a «'»mewhat detailed account given 
by Euaeliua (about A.D. 'SM^) of the arraugenmut of a new church 
built in his lime at Tyre, which, taken in connection with the 
plan of the old Bjuiilican church of St. Peter's at Rome, gives a 
good idea of the geucntl arrangements of the churches of thia 
period, and the moiivea wliich governed them. Eusebiua 
dwwribea how the hiahop "raiaed a stately portico against the 
rays of the riaiug aun" (for the orientation of churches was not 
at all nnivers.ll at this time, and in Italy never became a rule). 
" Af\er yoQ have come within the gates he boa not permitted vou 

* CuttUaMd trom pngr lf£ 



to enter into tb« holy place with anwaabed feet, but having left 
a large vacancy between the portico and the temple, be benntifi&d 
thia vacant apace, having enclosed it na a quadrangle, with fonr 
opposite cloiatera, supported on every aide with pillars. Here 
also be plaoed the mysterioua symbols of the aacred parsationa; 
to wit, fouutaiua built oppoaite to the front of the cbnrcn.whidi 
afforded water for thotte who entered the sacred precincts to waah 
in. And this place yielded a very commodioua mansion for 
those who wanted instruction in the firat princtplra of religion." 
After speaking uf the decorations, he proceeds — ''Having thna 
finiaheu the temple, and adorned it with the highest thrones in 
honour of the prelates of the churches, and with benches placed 
in order all over the church, he placed the holy of holies, the 
altar, in the uidat; and that the multitude might not come 
within these holy places, he enclosed it with wooden rails 
rewmbling net-work, which were curioualy and artificially framed 
and carved." Thia laat passage has given rise to aome pretty 
sharp paper warfare, aa to whrther the altar waa placed in the 
chancel or not. I believe the explanation is, that Eoaebius, 
when he saya "all over the church, means, by a careleasneaa of 
expreasion, "all over the cbancel," -^ the part railed off, and ap- 
prupriateti to the clergy; for we know from contemporary church 
oiBtorianii that the congregation wu not allowed to ait at all, 
but that benches were always placed within the cancelll, for 
the inferior clergy; and in thia uaae, the expression, "in the 
midst" applied to the altar, would indicate thai it was witfaio 
what we should now call the "chancel." The different parta of 
the church were uarefully partitioned out for different frlanafla of 
worshippers. The atrium waa, aa Eusebiua indicates, appr^xri- 
ated to the untaught converta, while the aide of it next the 
church, called the narthex, waa the p1>»:e fur penitents who wer« 
under temporary excommunication; an arrangement occasionally 
revived in mmliiDval times in what are termed the GaliUn 
porchea of our cnthcdraln. The lower end of the church, next 
the entrance, waa parlitionod off by a bi»n-ier about one-third 
the diatiuce up the nave, aud was appropriated to the catechu- 
mena who were still under instruction, and were only allowed to 
hear the reading and preachinpi, not to joiu in the prayera or 
sacraments: hence thia was called the locos nudientfim. Beyond 
this barrier waa the locus fidelium, the place of thu faithful, who 
alone were permitted to join in the more solemn parts of the 
aeri'ice. The men were alwaya stationed on the right aide (what 
would with us be the aonth) of the cliurch, aud tbe women 
opposite, a barrier dividiog the two; an arrangement which the 
wisdom of certain modern ecclesiologiats has revived. The altar 
was 8hn)uded (nnn llie ]»p"ple by a curtain, which was withdtawn 
daring the celebration of the eucbarist, On each side of tbe 
cbancel wns a small chnmbi^r; that ou the south aide called the 
diaeiinuni, being fnr the reception of the vestments and other 
furniture of the church, which waa under theca c of the deacons; 
that on the uorth the protheaia, for the keeping of the aacred 
veOTpls and elements, which were set out in onicr there previonely 
to the celebration of the communion. These two small cham- 
bers, generally built out on each aide of the chntch, form, I 
8U8j>ect, tbe real ori^nn of the transepts and of the cross form, 
which had a aymbotism tacked on to it aflerwarda with which 
it had originally nothinc whatever to do. The amall mze of the 
&p%e indicattta that the clerical body were not at thia period very 
numerous, but we CAonot go much further without finding 
decided evidence of their increase. Custom and pr«c«dent led 
to the retention of tbe simple apeidal termiuatiou K>r some time 
after; but ua the clerical ranks were awclled, aud a new order of 
chorister! founded among them by Pope Gregory in the sixth 
oeutury, we find that in order to give room for them the cbancel 
waa conUttued out into the church, and divided off from tbe people 
by a acreoD all round it; and into it thv reatliag deak or ambo 
was conveyed from its origimil position on the bcma. The true 
chancel, as we understand tin* term, did not in reality develop 
itself till about the eleventh century, and owed ita impnrtanoe 
to a liturgical cauae. It was the outward axpreasion uf the 
dogma of transuhatantiutinn, which began to make itself felt at 
the beginning of that century, aud gradually became a received 
faith, till it waa formally r-onfirmed by a general council iu the 
year 1215. The belief in thia miraeulona change uf the elements 
invested the priesthood who pcrformeil it with au additional 
sanctity, both lu their own estimation, and still more in lliatof the 
people; and, accompanied as it waa by tbe elevation and adoration 
of tbe hoat, it naturally detuauded that the priests, in the per- 
formance of this rite, should be aeparated more ileoidedly tLan 
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ever from the people, and tti&t the Himpto apxe should be 
expaodnl and beaaiificd to form a fitting arena for the celebrntion 
of so great a m^utery. The riie of the ch&ncel in the eleventh 
uu) its progreBBive importance up to the thirteenth century, as 
Bxhibited in the French charehea, keepa paco almoiit e:iactly 
with the development of this doctrine, forming one more evidence 
of Ibe coincident grotrth of religious architecture and religions 
■DpentJtion. Id France, however, the chancel took a peculiar 
form, tnodified by the influence of circnlar churches, about which 
■ometbiug must be ttaid. 

The early basiticau ctmrchea of the fourth century were never 
complete without the ad<Iition of a circular building, generally 
ctdled a baptistery, and prohatly wa^ for the performance of all 
eemmomjLl rites, u faneral services, &c^ the baailica being the 
plaoe of general auembly for tho ordinary public worship. This 
f(»in waa, a» we have noticed, borrowed from the clrculnr Horaan 
tomplea itedicntcd to Etrutican deities; and the change nny be 
trao:-d from the little temple of VestA at Ttvoli, which haa an 
external cnloQnade,throngh the tomb of Sla. Costanza, where 
there is both nu external and internal colonnade, to the baptia- 
teries at Nocera and elvawhere, where the external colonniule has 
dinppeafed. and the style has becomo an iutenml one. The 
poaition of tbU bAptiatery was at first rather uncertain, but after 
the fifth century it was pretty generally placed at the west end 
of the baailica, as symbolical of the entry into the church by 
baptiEm. But as a principal object of these bnildingx was the 
admission of new converts inUi the church with lUl ponsible 
solemnity, it followed that from the seventh century, when 
inCant baptinn wan introdnced, anil the reception of barbarian 
converts into the church l>ec«nie Ifss freqoent, the baptiateriea 
fell rather into diauEc, and wci'o rcplni'^d hy the font near the 
west door of the basilica. The circular form, however, long 
continued to be connected with the idea of a ceremonial church. 
Such waa the one, before mentioued, built by Charlemagne to be 
the loene of the coronation of living emjierora as well as the 
•epulohre of de|>art«donea. This also, 1 thiutc, waa one motivo 
for the universal preference of the circular form by the Templars, 
with whom the ceremony of investiture was so important. In 
the early Gothic period, the circular form on a hirge scale 
appears in conjunction with the i-eut angular form, both in France 
and Uermnny, but with the remarkable dlatinction that in the 
fbmicr country the circular part is always the choir or cliancel, 
in the latter it is always the nave. The reason for this differ- 
ence seems to be that the Fi-eneh always retained the idea of the 
connexion of the circular form with the more saci-«d and c{>ro- 
monial parts of the ritual, and therefore, when they used that 
form, always appropriated it to the clergy; while the Germans, 
admiring the form arch itectn nil ly, and being tesn nnder ritnal- 
iaiic jntluenw, used it for their coogr-gational churchee, the 
strtight-lined chancel being added, aa the clergy increased in 
nombere and influence, as a place for their worship apart from 
the people. In the complete Gothic period, when the Homan see 
bad acquired such general authority, the Germans forsook the 
Areolar for the orthodox basilica form; while the circular chan- 
ce! in France merged into the polygonal ap»e characteristic of 
Freaob cathedrals.* 

The peculiaritiea of the Byzantine plan of cliurch were due to 
architectural and not to ritualistic influence, the ritual being in 
early times very similar to that i»f the Western Church. Some 
of the points of difference which existett or arose between the 
two churchen may, however, be noticed as influencing the build- 
inga erected fur luuitern worship. One of these wna the phtciug 
of the women in galleries, instead of dividing them from 
the men by a barrier on the ground-floor. The galleries 
ood the two-fltoricd porch for this purpose form a marked feature 
in the draign of St, Sophia at Constantinople^ A more impor- 
tant point waa the dialike in the £aaC to sculjitured decoration, 
which rose in the eighth century to violent iconoolasm, ami 

Save additional impulse to a highly developed style of pictorial 
eooratiou, finit in the form uf mosaic, and later in that of 
painted picturL^s, for the eihibitiou of which a screen waa always 
erected, called the ieonottatu, completely across the &ont of the 
chancel, leaving only a doorway fur the prients to enter, an 
arrangement which, whatever the intenmt of the picturea, must 
be vety destructive of architectural eflieot. The RusstiinB, when 
eooverted to the Greek faith, carried thia pictorial decoration 
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to the extreme, their churches becoming, from floor to roo^ 
complete picture exhibitions, even the columns being painted 
round, after the manner of the Egyptians, with representations 
of the lives and miracles of the saints; and the porches adorned 
with ligurea of the great heathen poets and pbilosophei-s, each 
illustrated by some sentence from their writings which might 
repi eaent them as the pioneers of Christianity. This is, I tliink, 
a very legitimate kind of symbolism; and if fresco-painting were 
iutroduc^ into oar churches, the idea would bo wirth re- 
membering. 

It dues not appear that the Greek church ever adopted the 
dogma of tranauhsUtutiation with the same significance which 
was attached to it by the Itomau; hence the chancel la but little 
developed. The poKistency with which the style has been 
practised, and the same plan retained nearly to the present day, 
is a striking exempliticntion of the intenae conservatism of the 
Greek Church, which regarde<l the innovations of the Roman 

EmtifTit very much as tli« latter, in their turn, r«garde<l those of 
utherand Wicklilfe. 

The rise of Midiometaniam, the greatest religions crisis 
between the Christian era and the Reformation, can hardly be 
said to have giveu rise to any form of temple peculiar to itoelC 
Tbe 6rst founders of the religion were a Semitic people, nud the 
n-ligiou itself the outhreak of the Tliuutlic foeliug so peculiar to 
th.-it people, which had laid dormant since the extinction of the 
Jewish religion, and which was very nnfavuunaide to anytlitug 
like a pumfMms or ceremonial worship. With regard to the 
oxlernals of worship, indeed, the Moslem was to the Eastern 
Church very much what the Puritan was to the Western,— both 
uQually indifferent to liturgical forms, both reg:i>rdiug the spirit 
of the worship rather than the place in which it was |>crformp(l. 
To the true Mussulman there was, iu fact, but one siicred temple, 
that of Mecca, which waa a comparatively insiguiBcant building; 
uud though, when the religion spread and gained power iu other 
countries, it was found advisable to raise buildings commensurate 
in Hize and Iwauty with its importance, the plan nf the iiriginii) 
teinplDs of the proselytized people waa almost always adojited, 
and even the style of avcbitocture, though this Wcame speedily 
mollified by tlie rich and brilliant fancy of the Saracenii. Still, 
I do not think that tliv pecntiar class of ornament and style of 
architecture called Saracenic c:«ii lie rightly considerud as the 
outgrowth of the spirit of the religion, but rather na arising fmm 
that taste for rich but sensuous beauty peculiar to the Arabic 
mind, and of which the Mahometan Paradise, with all its 
voluptuous delights, was only another development, — a con- 
cession, in fact, to the popular feeliuff; though, when the religion 
was adopted by a new people, these Ideas may have re-acted upon 
the style of the architecture. To call the Saracenic the parent of 
the Pointed Gothtr, through thi.- medium of the Crusade*, is 
surely quite overstating the case. It may have given additional 
richness and variety to the latter; but, even if it contributed the 
Pointeil arch, this wns only anticipating what the neceaeities of 
Gothic vaulting niUMt have evolved very ahnrtly kfter. 

In tracing the variations in plan among the T^atin churches, 
DO reference has been made to the pbaaes of architectuml style 
through which thnae churches passed; these being, in fact, almost 
wholly independent of religious influences, and none of tliem 
becoming elaborated into a distinct and complete style till w» 
arrive at the tme Gothic period in the thirteenth centnry. Here 
we meet with the third p;reat temple style of the world, as com- 
plete in its way as the ffy^ptian and Greek, and, like those 
styles, arising nnder the influence of Polytheism: for every im- 
partial student of ecctesiastlcal liintory must percpive that the 
fnith of the thirteenth century, with its hosts of martyrs and 
saints, the objects of direct ndoratif^u, was iu fact aa completely 
polytheistic as that of the Egyptians. Tlie complete Gotbio 
may be moat fitly chanicti.*ri»eu us pre-eminently the monastic 
style. Monosticism had, indeed, existctl fur a long lime before; 
but in the eleventh century it acquired ftreat additional wealth 
and influence under the fostering care of the Roman |ioutiSii, 
who louk it under tlitjir special protection. The [>owt;rful and 
richly endowed conventual esiahlishments which nruse at this 
time snnn gave expression In their religious feelings in those 
great piloa of building, of which the monks were themselves 
often the architects; aud which, in the spirit of aspiration which 
everywhere pervades them, iu the entire sabordinaliou of the 
hurizontal to the vertical principle, are tlie most complete out- 
ward exponents of tliat morbid excess of religious zeal, that 
entire forgetfulocsa of the practical, which, be it remembered, 
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oiiBtsd «t ihnl tittio nowliera ont nf llie cloister; as tlie com* 
pariaou of tliu monBHiic with tlie secular po«trjr of the period, 
« Btroard of Cluguy^ with Chanoiir, will abandautly prove. 
There U maoh, too, in tho ityle to reraiDd ua of tha Egyptian; 
lh« aama vlatna of aisIm aud colamDa, the aame profuse use of 
eymboliaiu, the ■nmn love of coloured de«omtion, not of the moat 
refined ur arlietio kind, is common tu both atylea; nor are the 
BiiiTouudiiig circumatatieefl diBsimiUr. Both uatiauftt wore, 
at the cultniuatioti of th^ir respective atylea, la much the enme 
at-vte iif civiliftAtioii: io both the domiuaot sect was a utimeroua 
aud puwerful pritwlhood, held in 8up*?n»litiym reverenc*) by no 
isoomnt Inily, wboae chinf rplt^oiis instruction waa derived 
nom the paiutiogs on the wallit and windnwB of the templen. 
There ia, however, one inipnrtnnt distinction; the Me<li»val 
eaperatitlon had ai least a Imckgrouiul of truth; the naiuta who 
were worshipped were invtsted with chwactera above, and 
not belnw, ordinary haraaoity: instead of the fantastio deitica 
of the Kile, 

'* hiM, (Mill, MoA tha dof Anabfai," 
or the ferocious Sivn and obeccne V^iahna of the Hindus, we have 
St. I'etcr and St. Catherine; it waa a worship tending to expand 
the feelings rather than tu contract them: and wo find the build- 
ings exprcsMiug this diniinotion: for while the Egyptian and 
Indian perpetually narrow lu thuy are pcuftraied, till the nhriue 
ia founa to be the meanest part of them, the Oothic teraple, on 
the isiutrary, repreiiented in anch a plan as that of Rhcinis, with 
a comparatively small entmnce, widenn ami nxpands aa the 
ahriiie is approached, lending the eye continually upwanl and 
onwwrd, and justifyiu^f Coleridge's remark, that the spirit of 
Gothic architectare was " infinity made imaginable." 
(To be cimtinved,} 



COXSTRUCTION OF DOCK AND QUAY WAIXS 

WITHOUT COFFEHDAMiJ.J 

By Dahicl Millsil 

(WitA OK Sngravinff.) 

Thb 6rst operation in the oonsti-nction, when the water is not 
aufhcienlly deep, la to dredjio out two parallel trencliea to 17 feet 
below low-w&ter, for the fuuiidatioua of the walla. A sugiug of 
timber piles is afterwards erected in the line of the pier over the 
whole breadth, fnr carrying the tramways, travelling cranes, and 
piling engines. Caet-imn guide piles are then driven from the 
'""aging; with great precision, 7 feet apart iu the line of the face 
' each quay waJL These piles are driven till their heads are 
near tbe low-water line, and they form gxiidee for puttiLg down 
the stone facno^. They are connected at the tup tniusveraely by 
wrought-iruu tie-rods stretching through the pier, cottered into 
aoekets and biridiug the heads togetlier. At 6rat it was tboU};bt 
that there would hv 8ume diHiculty in driving the iron guide-piles 
with the re<|Uired exuciitude, but this was overcome by pile 
eugiues of peculiar construction, devised by Mr. William Vork, 
uue nf the contractors. These enu;iflas are shown at Figs. U), i 1, 
Plate IS. Tliey travel on tho rails of the scaffolding, and are 
furnished with lout> anu4 projecting downwards, strongly stayed 
by diagonals, and forming a trough into which the pile in placed, 
aud fnim which it is driven by tbe pile engine iu tho manner of 
an arrow from a cross-bow, being obliged to go down porftctly 
straight. 

The ground is very nneqmd, tho hard substratum, or red *IilI,' 
bciug iu Home places 2u feet below the bottom of tho wall, the 
Upper strata In-iiij; mud and soft saud. In such cases timber 
piling, driven to the ;j»me level as the iron piles, iti used to 
form a platform for sustaining tho part of the wall above low- 
water; but where tbe ground is tirm this is not required. When 
the proper depth has been dreilgotl out aud the pihug driven, a 
bffd of hydraulic omcrete 3 feet thick and 20 feet wide la 
depositetl iu the trenches, to form a base for the wall to apring 

* Thofrmt v.-irk >:^ cU» nallv tue pM* "Da onMoipta niDDdi," eome psite of 
vkieli Uvg bnn luel; trtuUtad. al|lit be ktnkwt Hwcribod «« - s Fmxh athednl 
•■nmod." 7'kc piusv^guit iplrH i upltulon, ibv rednnducy at anuuatet, Ihs 
muii ul aiLiaitf wJ/rMtrklcit, an iho Hue in ibn book ■• la tba fautldlni^ r'^i 'H Ttr 
Ibu DMi of titu; tni it i* remarkkUe tlut wtmtvvr lis kUiulas lo " tlw tUMntt," (1 
b euUntlj' u « ipMUUw ah «rtnt. 

I llw OeH». the cbwf oriKiuinn of tbs Oatliw! atjb , an fnhMj SoqdmM IMM 
«r l«M witk Uu TuranuQ mos. Farrunn, Indaed, spuki of tlieon •« '* nulmJvpBd 
k '-••( uajr il not tM »ore norteec tocsQ tbom " UgUj d«v«]oi>ed Tonnisu r' 

'«Uere, b«sn M( lUa fiav U nma utnt. 
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from, and lo give a large bearing surface. Into the grooves 
formed by the fianges of the iron piles, large granite ala^ from 
18 inches to 2 feut thick are slipped, tbe bottom one resting on 
the concrete base and on a projecting web cast on the piles: not 
more tlu^n three stones dU each compartment between the piles 
16 feet iu height and 7 feet in width. These stones slip into 
their places with tho greatest ease, and form the face of the wall 
Quder water. Behind this facing hydraulic concrete is lowered 
uuder the water in large boxes having moveable bottoms, and is 
<lit«chargtid lu mass to form the boily of the wall. To confine 
this at the bock before tl liaa set, loose rnbble stones arc depoHit«d 
and carried up simultaneoualy with it. The hearting of the pier, 
cousisLiugof ban! 'til,' stones, and gravel, is depiMiiled aher- 
wanls, and the whole carried up to the level of low~water. 

The entire mass, piles and stone facing, concrete backing aud 
heartioff, is allowed to oonaolidate for a sufficient time; after 
which tn* heads of the iron piles and the granite facing blocks 
are capped at the level of low-water by a granite blocking or 
stHug-course, and the npiier portion of the walls is carried up 
iu freeatone ashlar and rubble. Tho remainder cf the hearting 
between the walls is then 611ed in, and tbe whole is finisheil with 
a granite coping atul causeway. The walls are 33 feet in height 
frc»m the foundatiuus, 11^ feet thick at the concrete base, and 
they diminish lo !} feet thick at the top. 

Particular care is taken with regard to the hydraulic lime. It 
is burnt at the quarries, but is bnjnght from thence in the 'shell' 
by the railway iu covered wagons so as to preserve it from weU 
It is ground at the harbour works, for which purpose, and for 
mixing tho mortar, there have been erected four vertical 
double-roller mills and twu eieves, drivenhy an engine of 

fiOH.P. 

In the part of the pier which has been already executed, the 
stone facing under low-water being made to slip into tbe groove 
furmed by the flanges of the iron piles, the onter flange is left 
exposed to the action of the salt water, which no doubt will in 
the oonrse of time exert an injuriona effrct upon the iron. 
(Plate 11, Figs. 3 and 6.) To remedy this it is intended in the 
remainder of the work to reverse this plan, and to make tbe 
grooves in the stone facing into which the outer iron piling will 
fit. (Plate 11, Figs. 1 to 4.) The stone blocks will tb^vfore 
overlap the iron piles, and form a continuous stone facing, so 
that no jHirt of the iron will be exposed to the action of iho salt 
water. The grooves will be filled from the top with cement, 
wbioh wiU enclose the iron flange and etfectually preserve iL 

When the whole extent of the seaward pier is completed, tbe 
interior operations for theharbmir will be proceeded with. This 
pier will serve as the principal ootfenhim, anil the entrance will 
be closed by a abort oofferdam nbont lOU feet iu length, aud then 
the water will be pumped ont from the encloseiT space; after 
which the excavation and the construction of the interior walU 
surrounding the harbotir will be coinmonced. It la not intended 
to describe Uiese o]>erations, as they do not possess much novelty. 

Thw cost of the outer or sea piers, 1200 feet iu leugth aud 
60 feet wide, construoled in the raaucer dencribed, will bt 
£63,)KX).* 

The concrete employe<l is formed of Arden hydraulic lime, 
iron-mine dost, saod, gravel, and stone chips, the lime and tba 
mine duet being well ground under edge stone milts before 
being mixed with the other materials. The pro|x>rtious are by 
measure: one part of ground lime, half a part of mine dust, 
one part of sand, and three parts of gravel and stone chipa, 
Imtneiliately after being mixed, and when brought to a proper 
eousistency with water, it is conveyed to where it is to be 
used, is let down under wnter in the discharging boxes, and 
in a short time seta very hard. Tho boxes u»»*d are either of 
iron or of wood, and contain one cubic yard each. Thow of 
iron are fonnd to be preferable, as the bnoyanoy of the wooden. 

* It hu rMMttl; hean AttiAtd to Idctmh tba ar»a of Iha Albert Ilarbcrar, hj haUA- 
Ld( Um suvtti 4tuj H faat fartfaci' b*..k tLu u •bo*n on the vim i?kt« v, >'^. XJ, tks 
DACMMry laud baviiw bson uxintrad. In DonBAdioH viu. tie hutonr vurbi. ud U 
diR{inw<if lli« Riftlaxultfr«a>tliaei«raU0a*,kiiioiiDtiaf to nearly half* miUlOQ enUe 
fanb, it l< Uii«tid«d U> iarta an capUauU or eml»iikm«it 100 taet wide, almtf Um 
ahgra pf Fori Malilit*. TtiU wiU m fluad oo tbe Ksward aide bj a aabatutMlwall 
NWfaslls lanf^li. with Uadini-alaln oppoMU dlf prtocipal itrwta, asd Uw t»U 
will bs sansousird tij an Inw Mnatrada. Tba oMt o( tba atvsral «>orkB tUI bs— 
iltwn Harb»ar and Albarl gnaj .... £J(().OM 
Sttk-wali tod niw)«ij of capluads .... ie,OM 
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ireudera them Boroewliat unmanageable ia a tidcwaj, after 
tb«ir oohMdU liave been tjischarged. 

The work* of the Albert Harbioiir are being executed under 
the in>nieili&lo H(ii»eriutetideQce of Mr. John Thompnou, C.B., 
MM FMideot eng^iueer, the contnLCton being Messrs. W. and J. 
York. Ttiis mode of onnetructing walU in deep wat«r with- 
out cofTerdxm* h:i9 prtivMl very guccemtful. And a 8e.vpier uf 
great tulidity and duniUUty has been formed al a oum para lively 
moderate ctmt. 

In eonntructinff qa.iy-waUB on the forsgoiD? prioeiples, 
different modea ot forming the Btooe casing may be employed; 
aad particalarly wliere nione of a softer nature than granite, 
jnicb tu limefltoao, or freeatone, is used, a still more efficient 
oatcr casing may be obtained. (Plate 11, Fig. &.) In it, blocks 
of itnue, huriug oriSces or holes cat in tfa«m, are Strang oi- 
put down over the iron piles, ao as oomiiletely to enclose them. 
These bliKtkfl have also grooves or projeetioos on tbeir sides, 
In which are slid dovn intermctltate slabs ur blocks u! stone, 
haviug corresponding grooves or projectioos. A eoiitiunous 
lacing of stone, having all the stones li>ckeil into each other, 
is thus f»rmwi, and the iron piling eSectually euolosed. It 
was DO tilts [irincipic that the fiiciog aoJcr low-water was io- 
teodcd to have been formed at Greenock, previous to its having 
bsea suggests] to employ granite insteail of freestone, Still 
forthar to protect the iron from the action of the salt water, 
the hole* round the piles would he tilled up from atmve with 
cement well rammed down, so as to 611 np all the joints, and 
to nnite the stone and iron together. This plau admits of 
the Iron piles being kept further apart than when single blocks 
eOQDeet tiie piles. Concrete backing may then be filled in, and 
the structure be ciHupleied as previously describetl. Tempomry 
sheet piling or boarding, instead of Iooas stone, may he employed 
te keep |he concrete in its place until it has KCt. In many 
csaee blnoks of beton, which can he easily moulded into the 
shapes required, may be advautageously substituted for stone 
io the fsciuz, as it has been proved by experience that, 
when properly msde, they possess the reqnisite strength and 
durability. 

The range of diflerent pni-poses to which this system of found- 
ing marine structures is applicable u very exLen»ive, and works 
such as the formation, re-fociiig, or re-ounstructioo of qusy-walls; 
the foandnliouB of Ughtliuuses, beacons, or forts which may 
require to be made in the sea; the oonsLrnction of breakwaters 
inclosing bArtKUini of refuge; may be effected with a speed, 
fiuUity, aud ecouomy not hitherto attainable. The applicability 
of tbu system to the constructiun of breakwaters, and the 
seoeasity fur some mode by which the cost of lhe«»e works may 
be leseeued, seem to the author so importautaa to deserve further 
remarks. 

Af^'ieclian to the Corutruetion of Brealacattri and Harbourt 0/ 
JU/ugt. 

Although various royal commissioDs and parliamentary com- 
uiitiess have elicitetl much valuable information on this subjeot, 
tliu main object of diminisliing the enormous cost of these works 
and providing a dunible and substantial, and at tho same time 
economical, Imrrier to iho fui-ce of the sea, is us yet a desideratum. 
Bo importautiudecdhas it become^ that in I8G0 a select committee 
of the Housa of Lords was appointed to inquire how fur it might 
be practicable to adopt some plau for the coustructiou of brtAk- 
wiitviu and harbours of refugo le»s costly thou the system of 
•olid mosipnry then in use. Various plaus were discussed, and 
amongst them floating break wuUrrs; but the investigation failed 
to tAiablish auy etiectual substitute fur the present modes of con* 
ttmclion. 

TUe plans about to be describeii will, in the author's opinion, 
Lave a material effect in filling up this want. Before proceeding, 
however, it will be uaeessary to refer briefly to the prineipid 
modes of coustructiou hitherto adopted, and to consider tlie 
peculiar pbeuomena by which such structures ore affected. 

Tlie rooet common mode of forming breakwaters is thu * pierro 
penlue,* or 'long slope' system. This is simply tho deposit in 
tlie sea of A vast iimouut of louse rubble stone, rising to about 
tiie level of hiL'li-watcr, allowing it to take its own level and to 
be acted utton by the sea, until xin section assumes the permanent 
form which this action gives it The seaward side obeys the 
bws of ordinary sea-bftsi^es, and forms itself into a long sloping 
shore, involving the emplorment of an enormous amount of 
■atcrial before the monnci reacbea the height to give the 



required protection. Sneh a system is only applicable where 
stone is abundant, and can consequently be deposited at a cheap 
rate. Of this system the breakwaters at Plymouth, Cherbourg, 
and Holyhead are examples. 

In situations where stone is not abandant, the opposite princi- 
ple, called the 'vertic.1l system,' is adopted. In this mode the 
walls are built upright from the bottom, and as all the material 
below low-water is put iu place by diving apparatus, and is uf 
an expensive nature, the cost of a work executed io this way is 
verr great. The iJover breakwater, in course of construction, 
La the most prominent example. It is built np solid from the 
bottom of the sea, the exterior fiicing being of ashlar grauite 
blocks rebatetl or checked into each other, and the hearting of 
rectangular blocks of cnncreie, built in the same way as ashlar 
masonry up to the level of high-water, above nhioh it is Blleil 
iu with liquid concrete. (See tig. 14, Plate Id, which is a section 
of the breakwater.) 

Besides these systems, which may be taken as tho extremes, 
an intermc<liate form of section, combining both to a certain 
extent, ia adopteil. It consists in onrrying up a rubble mound 
to within a certain depth below low-water, and upnu this, 
building the remaiuder of a vertical coustructiou. The Alder- 
ney breakwater may be taken as representing this system to a 
partial extuDt. 

It has been a subject of discussion as ttf whether the 'long 
ilo]^,' or the * vertical wall * was the better section for break- 
waters, and as to the relative force of the sea exerted upon 
them. The observations which have been msde on waves 
may be said to li.\ve settled this point in favour of vertical 
walls, as it has been cltuirTy shown that waves iu deep water 
are chiefly miciilatory in tht^ir character, the fluid baviug 
little progressive motion in itself, and consequently exerting 
but IKtIe force on objeda opposed to it; but in shallow water 
waves assume an entirely ditfereut character sa they acquire 
progressive motion, becoming waves of translatioo, in which 
the fluid is carried lio'lily forward in a horizDutal direction, 
and in coDseqaenoe it strikes any body opposed to it with 
great percussive force. Vertical walls, therefore, which rise 
from the deep water, being only subject to the oscillatory 
movement of the waves, ore least exposed to the deslractive 
effects of storms. The evidence takeu before the royal com- 
mission in 185!) seeme<l to he ooncluHive on this point, and the 
opinions of the commissioners, as developed in their rejKirt, may 
be considered to have set this subject at rest. Hut whatever 
difference of opinion there may still be npon this matter, there 
can be no question sa to the vast saving of m.aterisl by vertical 
waits, and of the groat economy whieli would result, provided 
a simple and easy mode of construction could be adopted. The 
vertical system has, besides, the great advantage of being appli- 
cable iu many cases as quays for vessels lying alongside to load 
and discbarge, which may be turned to valuable account both 
for commercial puri>nses, and In times of war, for the rapid 
shipment or debarkation of troops, stores, and other material. 

The ex|>erienoe, however, derived from the formation of the 
great breakwaters ou the 'pierre perdue,' or 'long slope' prin- 
ciple, such as Plymouth, bss been very valuable. The 
examination of the sections which the materials aunme, sboivs 
that the greiit disturbing actions of the see, or conversion of 
the waves of osciltatiuu into those of translation, does not extend 
to any cousiderubte depth; as it is fouml that the long sloping 
beach terminates geuernlly at from 12 feet to 15 feet btlow 
low-water, after which the inclination becomes much steeper, 
the materials assuming nearly tlie form due merely to the 
natural angle of repose-, as if unacted upou by any force ex- 
cept that of eravity. The inclination un the aeawanl side 
within the tidiu range, and to the depth of 1^ feet or 1& leet 
below low-water, is generally five or six horizontal to one ver- 
tical, but below that depth it is only from one Ut one and a 
auorter horizontal to one vertical. It is the long slope which 
lese breakwalem assume to a certain depth, tbst causes the 
enormous absorption of material; but it appears that a mound 
of rubble may be dopoaiied to within a certain distance of 
loV'Water which will not have this long slope, and cunsequentlr 
will only require a comjwratively small quantity of materi.'u. 
The cousidenitiuu of them* fscls shows, thst in the generality 
of cases the vertical and 'pierre perdne' systems may be combined 
with advantage and economy, by first depositing a nibble 
mound to about 16 feet below low-water, and from that p<.<iu( 
carrying up the remaioder of the breakwater by vertical walls. 
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A grtsi improvement in the fncility of construcliDij; these 
bnakwatere, when such nn inimeniM} quaotilT of material haa to 
be flepoait«(], was the introtluctiuit, hy the uite Mr. Becdel, of 
timbar stAffing carried ou piles io (itlvaDce of the work, and 
■astaioiDC lioei of rails by which the material cau be broogbt 
dowD and be depo«it«d iu the aea with a mpiditj before qd- 
fttuioable. The eonaumpttou of timber is, no tiouht, very 
^eat, 08 much baa to be left imbedded in the work, and there 
is ooasiderabte destraction besides; but this is amply compen- 
aated by other advantages. By this system an avornga of 
about a millioo tons of atone a year liave been dopositu at 
Holyhead, and a similar plan is pur«iied at Portland, 

Maaaive staging is aiw employed at the vertical breakwater 
at Dover, for fiuilttating the building operationa. ludeeti, 
staging may now be considered essential in the generality 
of CMM for the economical connlrnction nf such works. 

The breakwaters of the French engineers are generally formed 
'a pierrc perdue.* but upon a different methiKl from that pur- 
mied in this country. Thus, at the Plymouth breakwater, 
uuly large blocks of nibble stone were deposited, the small 
being thrown aside, and at Bolyhead and Portland the large 
and the sonill mbbic were deposited promiscuausly; while tne 
French engineers nsually employ the amnll rubble for the core 
and reserve the larger blocks for the outer coating, Furthor- 
more they protect ttte seaward side by blocks of bcton, thrown 
in tu take their own position, and of euch a size, (generally 
from 20 tons to 30 tons,) aa effectually to resist dis|)iacemont 
bv the utmost force of the waves. Thcee blocks assame a 
ejope aa ateep as one to one under the water line, so that 
the mass of material in a breakwater thus constructed, ia 
coneidersbly less than where smaller materials are emj»lt»y»d 
for the seaward face. The moles of Ia Joliette and NapolaoDf 
w-hich enclose the hnrbour of Majnseilles, are excellent examples 
of thia mode of ooustmction. 

Having tbua glanced at the general principles which affect 
breakwaters, and de»:ribed the modes of construction usually 
adopted, the conclusion to be arrived at appears to be, that 
the vertical aystem ta OtAt which best resists, or rather averts, 
the deatructive action of the sea, and req^iiree Ibe smaHest 
amount of material. However, both systems, the 'long slope,' 
and the 'vertical,' aa at present carried ont, are very expen- 
sive; the former from the quantity of material which is re- 
qulned, the latter from the custliness of the material and the 
mode of conatniction. The one system may Iw cliamcteriae*! 
as involving the maximum in quantity and the minimum in 
coat of material; the other, ou the contrary, the minimum 
in quantity and the maximum in cost of material. Tiie 
object sought to be attained by the system about to be described 
is to effect a minimum, as far aa possible, both in the qnaotity 
anit tu the cost of the nmterinl. 

AcLY>rding to circumstance, breakwaters on this system would 
be constructed either wholly vertical, oxtendine from the bot- 
tom, or partially vertical, springing from a nibble mound. For 
tlie sake of comparison, the mode proposed by the author (Plate 
11, Fig, 7r B, and 9,) is designed to suit the conditions usually 
prcvailiag; say a range of tide of 15 feet, and a depth at low- 
water of 6 fiitboma, being about the saroe na At the Plymouth 
breakwater, and as at Hartlepool, Kiley Bay, and the eutrouco 
of the Tyae, where the must inif>orlant harboum of refuge 
bare been recomuieiiJwl by the royal com mi anion era The 
aeetion (Plato 15, Fig. l:i) represeutaa breakwater wit.!i a para- 
pet, but ibis i« not indispen&tble to tho main object of a 
breakwater, aud ia only reiiuireil in certain cases, as where 
the inner side is to be uaeo for commercial purpo'seH. Where 
the parapet can be dispensed with the top of tlie breakwater 
may be capped with large bricks of beton or stone, of such a 
-weight OS not to be diMplaced by the h(>avie8t seas. Fig, 12, 
Plate 15, is a section of one so constructed. 

The principal feature nf the new plan ia a fiaracwork of 
iron formed of plies or standards and ties, which serves as 
the staging for all the constructive operations, and afterwords 
becomes an esseutittl portion of the structure, by binding together 
a strong casing of stone or other saflicieutly durable material, 
which encloses and forma the facing of tJie bi-eak water, allowing 
the interior to be Jilied up with loose rubble or other cheap materinlH, 
which may be cemented iuto a solid mass by means of liquid 
beton or concrete. It will be preferable for breakwaters to make 
the Btaudards of wrought-iron. aud in the geseralitjr of caaen it 
will not be necessary to drive them into the ground, but simply 
to set them in place. 



The mode of proceeding is to erect the iron staging in advance 
of the work, which may Be done either by driving, screwing, or 
guiding the piles or ataudards from a macliine placed on the 
platform, and travelling along as it progresaes. This machine 
will hare long guides firmly sUyed and set accurately in position, 
into which the iron pilcH will lie placerl, and ibon driven iu a 
similar manner to that pursued at Greenock. When two piles 
are erected in place they are connected tzansverely by iron ties, 
and by the temporary platform at the top for bearing the raila, 
and the piling macbiue is then moved on to drive tne next set, 
and so on. Following this operation come the wagons depositing 
tho material to form the rubble mound, which collecting round 
the lower porta of the standard, firmly fix them in their places, 
and give stability to the staging. When the mound haa risea 
to the required height, say 18 feet below low-water, the cranes 
from the Btaging above commence lowering the caaing blocks for 
the fflcework. These are made to enclose tho iron standards, 
and are formed so as to be arched or locked into each other, and 
thus to resist any pressure arising from the backing. Thpy can 
be made to breaa bond, or to slide down without breaking bond, 
aa may be considered desirable; but the former plan penoits the 
standards to be kept at a greater distance apart, and tho blocks 
to be of leas dimensions and at the same time of greater 
strength. 

Simultaneously with the building of the casing, the hearting 
of the work, rough rubble, or other suitable material, is to ba 
deposited from the wagons on the staging, filling in from the 
centre, while bnckiug of betor. or hydraulic concrete will ba 
lowered down in large boxes and discharge«l behiud the stone 
casing, consolldatlug and cemeuLijig together the rubble hearting 
aa it ia filled iu and falls down. 

It will be observed that the whole of the facing is rendered 
continuous, aud by all the blocks being arched or grooved into 
each other, it is impossible that any individual block can get out 
of place. This ia a danger greatly to bo Icai'ed in atructures of 
thin kind built in the ordinary way, aa the action of the com- 
pression of the air in the joints <m the masonry by the pres- 
sure of the wares, aud the after-ex|>anaion wh«a the wave* 
retire, is sometimes so great aa to blow ont the stones, there- 
by endangering the whole structure. 

By this system the author believes great solidity and strength 
may be obtained, aa the whole structure is bound firmly to- 
gether by the iron framework, while the manner in which the 
stones of the facing ai-e locked into each other, and in which 
the ooui^rete will penetrate and solidify in a short time the 
whole mass, will realise as nearly as pcissible the idea, which 
should be the object of attainment in such atructures, of a 
monolith, or solid ruck iu the bed of tho ocean. 

The ctist of such a structure, under ordinary circumataneoa, 
and of dimensions suitable for HarlJepwil, Filey Bay, or the 
entrance of the Tyne, m&y he taken at ;£ldO per lineal yard 
without A parapet, and at i'£00 per lineal yard including a 
|]ara{)et wall, aeoording to the following estimate, in which the 
same prices are taken as were assumed by %lr. John Murray 
(M. Inst C^.) ID a previous discussion at the Institution.* 
Sttimatt of iht (piatUits of matrriai hi a bay of \b feet of a brtah- 

loater, with 36 feet ocyrfA at Ictt-teater and l& fret rttni/t o/ tid*. 

£ t. d. 
150 cubic yards rubble in outer coating of mound at O. Oil. SS 15 
S£0 cubic viinL> rulibk in body of nouiid idedaot- 

ing'one-flfth fnr Intenticn) . st 3«. 6J. M fi 
2,970 cubic feet Iwtcin hliHiks in faciog under low- 
water at Ir 8ii. 247 10 

2,S50 cabio fuct asLIar facing aVive low-wator at li. M. 1S8 IA 
£47 cubic yards rubble hcwtlog (deducting one- 
fifth fnr iatontiuex) . . at3<. Od. 65 14 6 

70 eubio yaids OQDcrete bsckiug at 10s. 86 

S3 square ymrdi oaaseiA-ar . atlOs. 16 10 

llOcwt,wrought-iroQiitandKrdB(ll>Olb. perfoot}atS0«. 178 10 

22 cwt. wrou^bt-iroB tronverse ties (3 icchea 

diamutvr) at 30*. MOO 

6 tyitt. wrought-iron longitudinal Uci at S0«. 7 10 

Paraptt. 
907 cubic feet asbUr facing . at la dd. 6S 

9 square yards causeway ... at 10*. 4 10 

80 cubic yarda oonorete . . . • at 10>. 15 

£1,00U 



• Tide mioQtMOf pracMdlagB lut. O.K., rri. xtUI., p. 104. 
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jCl.OOO ^ 5 = £2oO, the OMt per lineel yard of breiikfr*ter with 
pMBpet wall; Mu) making deduction for p»npei aiid adtlttaoii for capping 
blodU> i!lUO per Uaeftl yard would be tlieco«t without p*r«pet wall. 

Tbr btncke fonninf; the ouing under water way be either of 
BUine or Wtuu. When the former cnnoot be ©-uveuifiiUy pro- 
Oiire<l, the tntter may i« usnl with advantnge, )>>articuliirl.v M it 
OftD be no raeily luoalded iiitu the re(iuired tihapes, and fUoK^t of 
liny BJE*. The power of stich hl.xikii to rraUt the HCtioD of the 
MM for an indeftDite period is uow fully cnuriruied. Thew may 
at l«i»t be generwlly adopted for the iuoer wrJIb of hreakwHtur>i, 
Iude«d cnncrele block*, built in tho ordinary way, have been 
ftlrMily DMKi by Meters. Walker aud Burgee at Alderuey for 
the iaoer faeing. 

The grent economy of thia ayatem of onustmcting brea'- waters 
VQutd arise front the HmnlloetM In quautity au<1 tho clieapneM nf 
the bulk of the materif^l. The qUHUtity of material in lliia 
breakwater ooropared with that tti I lie Plyuiuutli breakwater on 
the loug ulnjM! priiiinple, iti Llin same depth of water, wit! be 
about as one to four, and the di8|»irity of cnst is not leda striking, 
the Plymouth brwakwater having oo»»t nearly £9W |»er lintal 
yard. 

lo comparing with any oUier mode of constrnction iha Iron 
framewoi Ic may be allowed to go lor nothing, as stagiug of some 
kind mnst be used for the 8pee<ly aud economical o>m(iiructi«n of 
aov kind of hrenkwat^^r. Thin framvwoik of iron ataudardu 
will oot coit more than timWr staging, and, iudeei], fat lens than 
ID enaes where an inmienM qnaniity of atagiug requires to be 

I naed for the deposit of the euoniioua luasa of material of long 

'■lope breakwaters each as at Holyhead; while it will Iw far 
more secure, in oonseqrcooe of its iidierent strength, the heavy 
Baturt of the mnterial, niol the snmll Hurf^ne preacnted lo tbe 
aoUoQ of the waves. The buoyancy of timber staging in an 
element which causea its own dofctrnction, as ia exemplified at 
Hnlyhend, where it la admitted that for every piece of timber 
another piece is required to >nake up for the loea. 

Annthrr imfiurLaiit advantage h the great srieed with which it 

, laay be constructed, from the uiaaa of material lielng of a nature 
aastly deposited, and from the facility with which operations may 
be carri«<l on upon a long stretch nf the work nt one time. In 
Bttuations where the materials for tlie conRtruciion of ordinary 
brankwatem cannnt be obtained, the a4lvantitge8 of this system 
wonid be atill more striking. Dover may be taken as an eiatnple, 
there being no atone in the nelgfabourh(X»d auttahio for depositing 
'a pierre perdue,' or bnilding vertically in the usual modes of 

I construction. Hy the system propose*] the hanler chalk from 
the clilfs, and shingle, could be nsetl fur the hearting, as in a 
atrnctuie so firmly b-iund U^gethcr these materials concreted 
with belou would serve the purpose quite as well aa any other. 
In forming the ruhhle mnand, tlie exminple nf the French engi- 

' naera might be followed with advantage by forming the core 
of smaller and inferior mnteriala, aud for this the chalk and 
shingle would be quite suitable. This would be protected hy a 
tbiok layer of rubble, and on the aeaward side by a layer of con- 
crete blocka, of such a %'tste as would not be disturbefl by the sea. 
The vertical superstructure would W constructed of chalk or 
aaoddtone rubble, concrete^l by beton for the hearting. A break- 
water upon this construction, shown in section at (ig. IR, Plate 
16, the author estimates cuulil be built at Dover for £"290 per 
lineal yanl. The preaeot breakwatrr for the same depth of 4.5 
feel at low water is contraetwl forat ^1,243 jicr lineal yard, so 
that thfre wonld be the enortnnus itaving of upwards of one 
nilliou uini n liulf sterling per mile. T)ie diHereiioe in Llie ccwt 
of ooostruction, vast as it la by this system, ia not the whole 
saving, an tbr> time occupied is an important elemoot, affecting 
tbe final ui>nr«e of naeh a work, the interest on the outlay being 
lost until ihf harlxkur becomes nvnilnble. There can benodonbc 
of the solidity au<l diirnhitity of the Dover breakwater, but cou- 
■idertng its enormous c-ont, and the distance inir» tlie future before 
its completion will render it available for commercial or for war 
purposes, the wiadoni of prosecuting it upon the preaent mode 
of conitnictinn may be well called to question. Upon the con- 
■trudinn proposed, the hrw^kwnter ormid be completed, and be 
avnttable ns n hnrhoQr of rcfugi; for tho naval and commcrria) 
fleetaof theuounlry ID less than five years, at a coatof alittle 
over ^l,fHio,()00, 

Breakwaters and piers Lave been frequently made of timber 
framing and ca>iii)g. confining a maw of rubble. KxteniivH piera 
m this principle are in eiistence at Itoulcgne, Calais, Dunkirk, 



and other ports; but it it evident that such a syaUm, from the 
timber being exposed and the cuusequeu i wAUt of durability, aud 
from their liability to auddeo destraction when onec the caaiug 

gives way, luui^t prove very expensive in the end. Thia system 
aa been revived, though npon more scientifto piinciplea, by 
Mr. Abernethy, M. lost. C.E., and Mr. Michael .Scott, M. insL 
CE. In these pUus, a structure, composed of a casing of 
timber, is formed of timber frames, suaudarus, or piles and plank- 
ing, and thia casing is afierwartU filled with rubble. Bui as the 
caning cannot be expected to ponsess much durability, itispro- 
poHctl subsequently to enclose this atmcturo by solid walla of 
uiaaour)* or composite blocks, for which the first atracture wiU 
atford a oouvcuittut nud nnbataulial platform, for bearing the 
rails and cianes uecc^suiy for executing thia part of the work. 
There are two disliuct ojwraiioua neceaanry, therefore. U> 
complete the work upon thin mode in a permanent manner: first, 
llie formation of the inner strnclure with its timber casing; and* 
second, the formation of the outer structure, for llie purpose uf 
making a casing of a durable cbaracUrr. The economy of making 
breakwaters of u durable construction on these mudeA haa not 
been fully made out, cliiefiy arising from the gruat quantity of 
timber inquired, and the necessity «if employing two diatiQct 
Cfuiiugs, one of which uiUMt he Huperfiuous. 

The syatem which the oullioi- haa profwaed will, he thinks,, 
secure all the objects which appear to have been aimed at by 
these plans, but with greater aimplicity and economy. It is not 
eiisentiitl tlmt tlie iitandardM employed in the frystem pro)K>8ed. 
by the author should be of Iron, aa they may be uf timber, but 
enclosed, aa has been alieody desciihed in the case of iron 
standards, in a casing of blocks of stone or of beton. Tho 
anthuf, however, would not reoummend tliis, except for small 
piers, or breakwaters where great economy ia necessary. 

Jpptica/ion la the Foundation* of Marine ForttficationM. 

The General application of steam to ships of war, ihe improve- 
ments in artillery, by which the range and weight of projectiles 
linvebeen vastly extended, and tlie system ofconting «hii>» with 
defensive armour, have entirely changed the relations of worka 
of defeuce on shore to those of offence from sen. and rendered 
the super^'ision of the system of fortificationa, which def^hd the 
naval arsenals and swipnrta. n question of vital moment. The 
present defences have Wen found to be nuite inadequate to cope 
with the new forces which can b« brougnt against tl>etn, and in 
Tiariiculnr a neoesftity haa been felt for the oonstruetion of ad* 
vaiiced works, which shall keep the enemy without the range of 
Iwmbanling the place? they a:-e intended to protect, or nt leaat 
anbject tlivm to sfwre punishment while attempting it. In some 
cases, these can only bo cunstructed in the sea, and in others 
this is the most ellective situation for them. It is in thiti way 
that (.^mnstmU is protectee!, and it formH an important jiart of 
the general ncheme of llie new works for the di-fences of Plymouth 
aud l'ort<4moulh. There are many cousideratious that will 
render sea-forts of great value, which need not to be entered 
ui>on in this place. Suffice it to aay, that it is probable tfaa 
ase of such a«lvanced works will be much extended, and many 
situations could be pointed oni where forta could be morn ad- 
vantageously plnct^l in tho sea than on land, for tho protection 
of seaport towns. The ditficulty, however, in the way of 
ex<H;uting such workn, is the expense aud delay in. constructing 
the foundations. The author is of opinion that the ptinciploa 
already descri)«d for works of a different nature, wotdd admit 
in tliiii caae alsoof sueoeasful application for the works uuderlow- 
watpr level. The casing might W of granite, or the greater part 
of lai^e concrete blocks, oappett near the low-water line, where 
ex po«ed to shot, hy n masive blocking course of granite. The 
manner in which the filling in of concrete in the interior would 
itet iu a solid moss, and tu which the whole strooture would he 
bound together by the iron standards and tie-rods, wouldi 
tbe auUior apprehends, form as efficient a foundation for ih« 
purpose aa conid writ be devised, while the rapidity and economy 
with which such a work coold be put down would ceriamly be 
advantageouH. 

Tn developing Uie fon*going system for oonstntcting the sub- 
marine works of breakwaters, piers, quay widls, lighthotuea, 
fortifications, and other similar structarea, it most not be undtfr- 
ainod that it is advncntetl as Iwing applicable Iu all cases, a.'* the 
luotle of uonatruction of any engineering work mnnt 1>e tleter- 
miried greatly by locid circumstaucea. But the aallior oonsidL-nt 
that it will admit of general application, and that the followuig 
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ft«lvantag«8 may be f&irly claimed for it: — Great ecnnnmT, com- 
ttiieil with strength aqJ durabilit}'; fucility and rapidity of 
execaLion: adaptAoHity to Bitoatious where the prewut modea 
are ianppHcable. 

It is to be expected thai there will be coosidemble doubt and 
diversity of opinion recjardiiig the vftrioua operationa involved; 
sDch AS the Rcca^a(^y with which the gaide-piles or standnnle 
can 1>« driven, the facility with which the stone fncing can be put 
in plare. orthe depnsiting nud setting of the coucrete in open 
».>a-w.'\tei ; but it must be recollected thftt till these have been 
tcatc-d And found sacceBEifuI !n works upon a large icale nt 
Greenock.' 

The vnriuaa examples wbich have been given, to fhnw the 
dill'-rciit iipplicationa of thiit By«tein, must Iw merely noderetood 
as inLuuilcd to illustmtu the tfuhjcd f^'iiemlly, ru, of counte, the 
details will admit of variation, ai-oording to iho views of different 
eugineens. 

Note. — Hcctlons o( the broalcwstcre at Dovor, AlJonwj-, Plymouth, 
and Portland, will be fuund Kb pngc 229, voL xxiL of this JtMimal: and 
wcti-nH of the DigU9 at Cberbourg, the molea at Marfteiltu, Algien, 
I'ettu, ko. an given at pag« 203 uf the same nilutoe. 



INSTITUTION OF CIVIL ENGINEEBa 

AjrrU2S. May 2. — The [aper read waa "On Uniform Sirt$* in 
Oinlrr Work; iUmlrated it/ r^ervncc to twt bridi/tt rtcrntly buUiJ'^ 
By CaUlwTP Reiixr, Aaeoc. Inst. C.E. 

"nda cnmmuaicatiuu wu »ui$gMt«d by a prevtooi discuuton at the 
ItulituLiun. wbua Mr. PMppa. M. Iimt. C.I:.., aond«mned the trough- 
shA|>cit auction, commnnly aii:*pl«<l fi-r the top and bottom meraben of 
truss girtien, beoanwi th« inb^Mmty, par sriiiart* unit, of the stress upon 
nny vertical bran seation, was noccsMrily Tarinble, when the conoecUuu 
of thu vortical web with Ihc truuKh wok mode iu the usual maimer. la 
the conslnictiua of the iron work of the two bridifee under ooiisiderstion 
attention was invitetl ohiofljr to thono detailii wfatoh were deriiped with 
the object of rarrying- out, m nearly u poeaible, lo every part of the 
jnnlurH, the condition of uniform Rtr^sA. 

AfUjr^Iuc^ing to the distinction drawn by Prof. Raiddne betweisi the 
wnrlsi '^tr&iu" and "stroos,' and to Ida defitiition of "umforiQ stress, " 
in which the *' centre of ttrues " or " centra of pr«aiure " muxt be coin- 
eidf^nt with the oentre of gravity of the surfaco of action, and of "ani- 
foriufy varying stress," wntm the centre nf gravity Hftviatcd from the 
o^itre of stress in a certain known direction, it was remarked, that the 
faitiiro of any member of a girdor would Ivgin where the resiatance to 
tttaia was really least, that was where the ictaosity of the stiv^A wan 
greaturt; from which it toUowud, that the opinion which iiphfild ab right 
m prindplo Ihe trouji^i-stuLiwd section, hk applied in the ueual manner, 
moot btf a mistake. And ra.ircy>r.ir, every form of section of any mem- 
licr of a K>rder, or other frouicwork. which did not O'iiuit of the approxi- 
mate o-iincidenee ot the oeotre of «tn<M with ita oentre of gravity, was 
Uahlc in degree to the i&me obioction. 

The ittn bridges iUuitrated diflSerent oonditionii of loairltng; one carry- 
in|* the [Jatform on the top, the other having the platform between the 
luain girdvre near the bottom. Both were of wroaghviron, and lioth 
exhibited an economy of material in the mtui girdon that, ho for as the 
author was aware, was not common, at least in this country. In order 
to dntcrmino the cauaos of this economy, a oompariaoa was made witli 
tWLi othi-i funns of truss more generUlv adopted. In one bridge, over 
the river DeRDOohado, on the line of the Central Argrntine l^ilway, 
tliti pnir of troMBS, 98 ft. -f in. siMti between the centres of bcaritigo, was 
decided to cany, in additti'^o to the fixnl loud, a moving railway load 
uf I ton per foot of spaa for u single lino of way, with a maximum inten- 
sity of slroBs of 6 toos per square inch of teiwioo, and of 3j tons per 
sqnarv inch of oompresaion; and the total weight of wrought- iron in the 
framework of the pair of tniiees was 1 H tons. The cant-irnn eo'ildles, 
nvr<tt'>i't on at tbe ends, weighed cwt. ; if tbeee wore included, the 
wbijfht of iron both wrought and cast, in the pair of trusses, wiu under 
■J cwt. per lineal font of span. 

Tbu oilier bridge, over the W«y and Amn Canal, on tbe Uorihom 
BOil Ouildfonl Railway, was dO feet span between the oentree of Iteor* 
ingx; it W.-U1 designed to carry, in addition tn the fixed load, a moving 
load of 1675 ton per foot of single line of way. at the same maximum 
Inteniity of streei as in the other caac; and ibe total weight of wrought- 
Iron in the pair of trusses wafl 20 tons 13 cwt. The cant-iron saddles 
weighed 61 ewt. each; bringuig up the weight of both wn:>ught and ciut 
iron in Iht! pair of tniBSos to 5^ cwt. per lineal foot of span. Thie 
wei|.dit woB greater than in the first bridge^ klthongh the span was le^*; 
but the intensity of the moving load wae 87| per oent greater, aud the 
rvadway lying botwecn the trusses instead of on tbe top, its weight was 
BBOesaarily much greater, TIil- cross girdera wore also heavier, each 
being adapted to sapjtort, separately, the heaviasl load that cotdd be 



brought on by a driving axle wei|^ted with 11 tons; the moving load 
thus brought upon each cross girder, and to which its strength was pn>> 
portioned, was 18 tons, equal to 2} tons per foot of span of bridge. 

The particular form of truss cboocu for these two bridges was that 
estensiTely known in tbe United States as the Murphy-Wbi[>irhi Truss. 
KA*.'b of theee tnuutea was luiimtety oompared, occonling to the plan 
Oiluptod 1X1 a previous uccocumu by Mr. finuuweli, M. Inst. C.E., wntb 
two eqnivaieiit IruAses of the types ijeui^rally used iu this country; viz., 
the Warren ttuse, wilh Ion making on angle uf GS" 2(1' with tbe borison, 
and the nmplo diagonal truss with two seta of triangles, the bars cruM- 
ing each other at thf> angle of 45*; — the varioua drcumetaDocs of ratio 
of depth to span, wliich wae as 1 to 10, and of application and distri- 
bution of Itiod, and coiisDnuently llie number anil position of tbe loaded 
joints, buiog oommtui to uh< three triti<t«a. 

The details of tbe corapaHson were fully given in the paper, aiid th« j 
pnipnrtionate results arrived at in the two caaue were exhibited in tbo . 
following tablet), relating to the trusMs of the two bridges, coutcaslad 
req)eotively with tlie other equivalent trusses;— 



SriJfft No. I. with Load en the Tup. 

Ko. I. No. 1*. 

MerphT-Wliipiile Wermi 
Tiiiss. Tress. 



Tbeonitical weight 

We^ht of transverse stifFemog to 

struts 

ExoesB of praeClcahle minimum 

ovur theorettosl miiumum 



Vo. is. 

Dlac»aal J 
tnue. 
227 



Total weight, exclusive of jotnba 
and packings 3TS-5S 278'2 800*8 

From this it appeared that the least practicable weight of No. I tniN 
was less than that i^if No. Ia by only 17 )wr cent. It might, therefore, 
bo said that, praotically, tbe two truasee were «iual iu [loiut of ucouomy; 
and that there ooold be no motive fur preferring one to the other, except 
Hiich OS r^ht ariM from considerations of workshop oonvenienoe and 
facility of oonstniccion. Tbe advantage, in point of uounomy of vreight, 
of No. 1 over No. 1b, was more ducidcd, bciog 10 per cent.; sutfioieut it j 
wae submitted, speaking generally, and withmit denyiiig ttiai special 4 
uircumstanoet might in particular caaes jmitify a choice of the heavier 
trass, to eatitla No. 1 to a pntoaooe over No. I a. 



Bridyt N9. II. vt£A £oa<f <m tkt Bottom. 



Theoretical «,-eight 

Weight of transvone stiffiuting to 

stmts ... 
Exooes of practicable minimnm 

over theoretical minimum 



Xo. S 

Uerphr- Whipple 

Inss. 

237*8 

8'6 

Il'»8 



So. U. 
Worree 
Tniiis. 
237-5 

16-1 

13-43 



No. ti. 

Discassl_ 
Ttvm. 
228 

SS 

S2'83 



Total weight, exclusive of jointe 

andjiackings ... 2a8»a ... 267*02 ... 280'82 

It thus appeared that No. 2 truss was lighter than eilhec of (b* 
others by 4'lfl and 11 "87 per oent respectively. 

With regard to tlie pccultarities ot dutoil of the two bridges, it wa 
remarked that, in urdor that the stress might bo unifonDly distribute 
over the surface of any oroes section of either " boom." it was neces 
that the two halves of tbe duuble web of each truss should each sup 
exactly one half the load upon that truss. This, it was urged, could noti 
be reiuifieai hy the onlinor}' tiiodes of fixing the cross girdan; but, in tbtt>l 
roftea under oonid iteration, it waii aITi^'ed at by supporting the croet i 
girders in the middle of the width of the truss. Thus, in Bridge No. I., 
each cross girder rested upon a light onst-iron vadiUe, nr bridge, wbidl 
Hpaiineil tbe widtli of llic top boom, and bad its bearing partly upon thft J 
top edgoH of the vertical stnibs, and partly upon rivet* paauog tbroogkl 
it. the struts, and the vcrti<»l sidtsptaUr* of thv top lx«m; in such a wa/ j 
that the line of action of the vertical firco. transmitU.'d from tbe crvsf | 
gifdcr to tbe tnvs, coincided eiactly with thr vertical centre line of ila 
widtiL lo ^dgQ No. IL a dtSbrent arrangement was neoessory. In 
that cose each vertical strut consisted of two pairs of angle irons, lepa* 
rated, ill the plant* of thti truss, by a space juat wide enuogh to permtt.j 
tho end of the cross prdvt to pass In between tbe pain. At tbe samtt 
h-VL'l an the crotw girder, a plate wae rivetted to each pair of angle irons;; 
aiiil to the oftntres of these plates the eroes girder was also rivalled, i 
tliftt tbe weight was equally divided between the four vertical sag 
inirtR, and tlu^ resulting stress was equally distributed between tbe tn 
halvvM uf WLch UMtn. Iu Ituth bridgos. the oentre Unas of the ver^*' 
struts, the diagonal ties, and tho top and bottom booms, intetaooted < 
other at tbe centre of gravity of the group of riveta, which atteebed i 
strut and tie to the boom, and, in order to satisfy the condition of onifa 
stress, all the centre lines were axes of syromeby. In the lop booms < 
both bridges, a aeetion had been adopted wbieb wss believed to be new«^ 
It was ennewhat like no elongated cofrital tetter H* ^^ bke a oomme«] 
plate girder phwed upon its side; the horisontal web, or diaphngi^a 
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beiiiK nnly mifBcietiU.7 tliick to etuimt UtcnJ atiflbflM. In tbiii ••cfa'nit 
ail tM omtre lihtn wen uiea of flrmmctiy. and ooote'iuenUy iuko'sectod 
•Mh oUmt in iu etmtre of gr»vity: niul tlie horivint&l oxas were eatUy 
aud* to mUiFMct tlu c«titr«<i of i^vitjr of thu web jumtM. Tb« chief 
nuus of ii)«t*l WW klMf pUc««i imioedmtely coati^ou tu the bftr« of llie 
w«b, which tnuijiterrvd ilii; toreM to tbo honm,— init«iul of being at HMtna 
(Uctano* froiD Uum, M in the trough- ■ha|>ed aad X'^hnptxl fonn itf 
boom. Tbs nuteiiftl wm likewias dispoMd In the best pOMible mftoner 
tar retistiog nhnlioo; white Uiia WDkioa nre ootnplote fnoiUtiea for 
■"tir"***"" and painting. The onda of woh tntu mted upon hinged 
hriringT. bj mcanH uf out-iroa nddlos riveted to the janctiou of the 
■hltnoit bu« of the truu, roUera beiog pmridod at one ead. 

The mmu adopted, in the daaign of tbeoe girden, to obtain tho 
QtoMMt economy of weijfht. eonaiatent with moderate economy r>f work- 
maoibip, were — the clrMnt practicable aoprouinaUoD of the anrnge 
■treu)^ lo th« minimum ■tmngth; tlic oiHxtrvwDoe throoghout of the 
oonditiuu nf unifurm itreu, in order that all th» ciiiDpr«ased mumberi 
raigbt ba tniAtad with th« luMt possible weight of etiffvoing; the prefer- 
eooe of rirett^d web joint* to tboM f&riQcd by single piru; and luch iin 
■Rangvment »f tb« rivettiog. that evsry bar or plftt« aubjoct to tenaion 
■hould hare Ita whole width, leu tho diametor uf only one rivot-hole, 
avail^ilo lo rvaiiit the ton-nle furoe applied to it. 

Laally, the author demonRtratcd tho true ralut; of Uie condition of 
unifonn itreu, by an exact oomparison "f the »tat« nf a liar of the U'p 
boom nf the truM of Bridg-; No. II., when uudflr uniform itrew, witn 
lliat condition of tmequftlly diittributod itrew that W'lulil occur, If the 
boom had a aaitabte trough-Rhaped ncctiou uf njiial area, breadth and 
dsptb, and tbercforr of eqasi nominal value; the elaaticity of the 
Duatarial being naiiumod iu purfoct. The liret oaw conaidei«d waa where 
tbe atujM waa uniform in inteoiity, auil thn Kcnnd in which the straat 
was uoeqaally dittributed. Tbe final reautl waa doaotcd by the eqnatioii 

X L P 

p=p^ + — -J — ; and applying thU formula* to the cam of the trough 

ihaped MctloQ of boom, Kup|>need to be eq\iiral«nt to the H-^li^po^ 
Motion actually uaed, the following waa obtainad: — I'he area of aectiua 
waa exa«tly th« aanie, betDg '6Q'\7 aquare inchca. Tbo itwide depth of 
trough^ 10 incbea, wonld permit prr^ciavly tbe lame diiipnaition nf the 
rivets in the wub j -iot, so that the eunti-e of preaaure waa situated at the 
Mme perpeodicuUr diit&nce, & inchaa, teom th£ luwor edgea of tbe 
troBgh, aa from the edge of the H'^W'*'^ aacUoD actually uaail. Tlie 
oentre of gravity wan fount! tn tie situated at 8'OSH Indiea perpeodiciilar 
diatanoe from the lower i*dge of the trough, aad 2'537 incbea from the 
top ed£«- The lua^^iijtudc of tbo total stresa upon tbe section was 125 
toos, Tba uniform inteosity of this otreoa wan 3 15 tona per squaro inch; 
and the moment of inertia, with reaiiect t/i the axia, waa 336"'t»2. From 
tboa* data the greatest stress waa found to bo 13717 tooa per square 
ineb at the extreme edges or comers of the aidea, and the leaat intensity 
0'S44 tons per r^uare inch along the extreme bottom of the trough. In 
lUa raauU the effect of flexure was porpnaely omitted. 

In aninmiug up tbo oondnaiona sousbt tt> be eatablished, it waa sub- 
mitted that: — 

1. A comparatively amall deviation of thi: centre of streaa, upon tbe 
cross seotion of any bar, of any piece of framework, ^m the centre of 
ffftvity of that section, pnMjuE«d, within chu l:mifcA of ebuticity, a very 
great uiequattty in tbe distribution of the ptrcsa upon that aection. 

3. If it were oonceded that tbe real stren^h of every stmctnre was 
iBTftrsaly proportional to tbo greataat strain suffered by ita weakest 
member, thun tba existence of this unoqual distribution of tbe atresa 
must be detrimental to the strength of any atnioiure in wbidl it existed, 
and which had been deaigned on tba suppositiQa that Ibe mean fntenaity 
of the Atr«ss upon any bar was neceaaarily a curect measure of its 
■tfwngth. 

3. Tbcre was no practical or tfaeoretical difficulty in d«ngning a trnss 
or girder, in which tbe stress upon every cross soc-tion, of aU the impor- 
tant members at all evt.-ntii, ahould be nlifututely unifurm. 

4. Tbe onoditioo of uuiftina tttress waa poKecUy consistent with the 
utmuHt economy of maturiul in tbo stmcburs to wbich it waa applied. 



May 10.— The paper read waa " On cA« MaiiUaiamet of MaUwajf 
ItuSinff Stock." By Edttabd FLircnsK. 

This oommanioatiou related to tbe rolling stodc belonging to the 
Norlb-Eaat«m Railway Company, thv statistic-* of which was oon.prved 
tn twunty-nins tables, matle up at annual iKrioda extending over thir- 
teen yeaiB, frinn 1852 to 11^41 indunive. showing tbe total number of 
tiut different deaoriptiont of stock, and the nverogo age of erei^ clasi^ 
at the end of eaob year. 

" In this Ibnaala, ]> b lbs iatcasttv cf lbs atnes per salt of arts si tbs 4Maaae m 
fraut Uie aenttaJ axk of tha slresa, wUeh InUneeU U*v centn c/ gnriif nf tba moUoq. 
p« u ifce Isieoftltf ol ibe •troas eoosldered as onlfiinal; dUtritmM onr the tatUor aC 
ssellM,— (bat is ibs total trtm P vpoo tbs •ntire surfse* of sxtioo dtrideil bj lli« 
ana « thai aurboi. L fs the peipndicular dlstaac* ef tbe esntn «f prMnrs 
Utn iba aminJ sail, aod 1 it us aooant of laailU tX the siubes «ilb napeot to> 
that azla a Is -t- or - s«cOTdliit as U is masnnd m tma rida «r lbs albsr e( the 
BCitral ssla.-C.K 



Thn rolling sbxik waa erabraned nnder fonr distinct haadx, Locomotive 
Engines, Carriages, ISfRrchandise Wagona, and Chftldrou Coal Wagons; 
tbe carriages and merchandise wagons being again subdivided bt>t 
separate classes, of all of wbiob a auiouary was given. Tbe table* had 
btMn arranged with the view of showing, in a oomprBhenxive form, tlie 
age of tbe duGarent olaasea of atocJc, and the average uf tho wbttle. And 
it was submitted, that if the average age of all tbe stock did not cx(.-<.-ed 
one-half the numlxv of years wbich might be found by experience to be 
A fair averago ol tbe existence, or life, of tbe stock, then that justice 
waa done to tbo stodc in maintenanoo. Another object of tlieau tablef 
had been to sbaw what pei^oentage ths annual exixniJiture in luaiuten- 
anoe bore to the finb coat of the stock. It was believed that if these, or 
siimlar, tables wcro kept up with care, they would in a few years he tbe 
means of afiording to Hut directors of any railwav company good diita 
for cheeking ibe annnal axpendituiv, and for fomung a oomct opinion 
aa to the safficienoy cr insufficiency of tbe maint«nanae. The t«Me 
abowed tbe oust of mainlenanoe of each vehicle per annum; and in tbe 
caae of locomotive engines, tlu ooat per mile run. 

With regan^ to tbe ultimate age, or life, of rolling atook, the author 
waa of opinion that tbo improved rolling stock of tho prcaent day, built 
uf caLreful]y.«elcoted and nrell-icaaoaed limber, and materials of tbe beat 
quality— Hup<;rior as it wss in oU respects to that built twenty years ago 
— might be fully calculated to have a life of from twenty-live to thirty 
yean; assuming always that tho stock waa of auuh a clmracter that it 
would not be necessary t'^ break it op on any other ground than that of 
decay. It waa also to be remarked ttiat, on all large railways, tbe quan- 
tity of rolling stock was always increasing, the result of which was tn 
keep down ^e avemtre uire of tbe sttiuk; and baving a largo amount of 
new stook, oo wbich tlictre woa littlu ex^tendituro for some years, tbe 
percentage of outlay wa« proportiouatcly dinunishod. Makmg allow- 
ances on tbeao pointe, the concluaion was oxrived at. that carriage stock 
might be fully maintained by an outlay nf about 12 per cent, on ita ooit, 
wogoQ stock by an outlay of 6^ per cent, and locomotive stock by au 
ouuiy of 124 per cent. Tbe cbaldroD wagon stock, wbicli waa peculiar 
to the north of England, geuemlly bad cast-ircm wboals, wss withnut 
springs, and waa subject to great Invakago by inclined piwHS and othiT 
liord usage; so that, whereas tbe geoenu wsgon abtok only cost 64 per 
cent on its fir«t cost for maintenance, tbe chaldron wagon stock co»t 
17i per cent. This stock woe by degrees Uauk rcpbccd by Ston 
wagons of auperior canstructioiL An S-ton coal wagon would cost -£00, 
ami three cbaldron wagons, to carry tbe aamo quantity of cools, £75; 
but tbe coat of maintenance in tbe firat caae would be only £S. lOi,, 
whilst in the second it would amount to £13, showing that tno auperior 
wagon was the cheaper one of tbe two. 

The number of locomotive engines belonging to tbe company at tbe 
end of ISOi waa 504, and their average age waa I2'48 years. Assuming 
that tbe dnratinn, or life, of an engine was twenty-five years, then the 
company ahouhl bav« been nbuilding at tbe rate of twenty engines 
annually, to be poirl for out of revenue, in order to keep tbe stock up to 
ita otigmal value; but tbe table sbowL-d that for the last Gve years an 
average of only eleven engines luul Ije^n rebuilt, including under this 
bead only those which were entirety now, and of a diSeraiik "Irn wbea 
robnilt. But taking into account tbe engines of tbo same oIssb wiilob 
IumI been no treated, the total number reoonstructed had been twenty per 
onnnm. Tbe prtrcipal part of the enginw so altered during tbe tbiiteen 
years bt>m 1H5S to lUfH were tboee which were old when they came into 
the possession ef ttie company. 

The following ntatemcnt olurwed tbe total number of tbe difierenfe 
deecriptiona of stock, ami the nverago ago at the end of the year 1804; 
also tbe average cost of repairing per vehicle per annum, and tbe per- 
centage of nfiin, and of rebuil^ng on tbe firat cost, far tbe tbirteaa 
y«ars: — 



Dcsenptlco. 



Iteal 

unbar. 



Locomotive 
engines ... 

CarrUges ... 

Wagons ... 

Cbildroaooal 
waguos ... 



504 

ia7o 
I742y 

ns72 



OMtof 

EBpalriitg 

anJ 
ntNilldliig 
perntloJc 



Tsan. 

12*4S 

ft-75 

lO'Sl 



£ s. d. 



23 
4 » 4 

a IS 



15-55 
ll-2fl 

17*42 



Tbe «uiviuini(«tioii wis apoompaniol by a very elaborate aeries uf 
tables. 
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THE INSTITUTION OF NAVAL ABCniTECTS. 

Ssasioir 1865. 

THEltiBliliitioD of Naval ArcliitecU held it« Anoaal Moelingt 
at ttie hall cf the Sodoty of Art*, Jjondon, in April Innt. Hxr 
J. S. pACsmoTOK, Bart., SlP^ O.C.L., the Prwitlent of the Insti- 
tution, occupied the chair, and ol>elJ<^d the pmceediugB with 
au addreiM, iu which he conf^^tulnted the nieml>era upon the 
complete and auccesfiful establjithmeiil, last Nuvemb«r, of the 
OoverDineut Sc1io»j! of Naval Architecture, and upon the 
liberality and promptitude with which the (iovcrnmeut aided 
the views and wiahen of thin iuMiituiInn in tite matter. 

The pro»e(Iiug8 of ttiis sewiou were extended over three daya, 
and several valuable papers were rend, of which the following 
Ai-e ftbridgemeata: — 

Oh an Inveatigation a/ th» Stabilily 0/ H.M.S, Ac/iillet, 
by Nathaviel Barxabt, M.I.N.A. 

This was an account of ad ezperliueDt pei-formed at Keyhatu, 
under the author'a BDperiQteudeace, to aacertntn the stability of 
H.M.S. Achillea, by determining the posiiiuu of her centre of 
parity. It was foond that this could not be done without the 
mtroduetiou of 100 tons of iron ballast, because do variation 
which oould practically bo made in the ehip'e weights without 
thin wnu!d have given a siithcient inclinaliou to ntford trast- 
worthy results. Cnra waa taken 90 iv place the ballant, in six 
separate batches, three on each aide, oa to correct the trim, so 
thai the previous calculations as to the poaittou of the centre of 
hnoyancy and the metacentre mifjht remain unimpaired. The 
inclination was measured in the three hatchways, each of them 
being fitted with a straight batten, £0 feet long, and with a croas- 
batteu at the fnot, with a plumh-liue. The operation commenced 
at a1>mt half-piist Sve, by plutuUiug the ship uprlghti ft alight 
list to iwrt bein^ duly noted, and a correction made on account 
of one of the boards not being quite vertical, so that the plumb-line 
gave a false reading. The reading off was performed by two 
men at each btiard, with on inch decimal scale. The distances 
from the centres of gravity of the piles of ballast to the middle 
line of tlie ship wore lUeu takeu. Tlii> middle pile of ballast wan 
then removed from port to starboard and tlie readings nut<rd. 
The fr.remoat pile w.is then moved across, and the readings again 
note<l. It w:ua not found necessary to remove the after pile. 
The third trial couHisled in bringing back U> its runner posltiou 
tlie ballast removed in the first triul, and then again reading otf 
the iDctinatioQ. Tlie fou''th trial consisted in removing the 
remainder of the ballast biick, and a further trial repeated the 
experiments to port instead of to starboard. At the end of the 
trials the ship was then found to have exactly reauraed her 
ongiual position. The meaji result of the ex))erime&te, which 
<>ccupied exactly five hoars, gave the height of the centre of 
gravity a* 3*650 feet below the nieticeutre, and a] mnet exactly 
ID the plane of flotation. Making the correction clue to the 
effect of the ballast not strictly repreacnttntt the weight which 
she would carry when in sea-going trim, Mr. Barnaby touud that 
tlie position nf the wutre oF gravity, when tim ship w»j* filtwl fur 
sea, would he 30i*H feet belnw the metacenin*, and as her load 
displacement is L>484 tons, the measure of the stability iu foot~ 
tons would be 29,ifb7. 

Mr. Barnahy then discussed the effect of letting water into 
the largest cc'iupartment of the ship. He found thnt this would 
int-rcrtse the draft by 0'2 feet, and the displwcwment by one-tenth, 
but that it would raise the centre of gravity of the ship 5 inches, 
and reduce the stability by one-seventh. 



On the Mechanical Principles of the Action of Propeller*, 
by W. J. filAciiCons Rankise, C.E, LL.D. 

Aftlk remarking ibat the ordinary theories, based upon the 
assumption that the reaction of a jmddte-float or screw is 
eijuivaleut to the re istance of a suE'face of the same size aud 
figure advancing through the water, lead to reanlls very much 
in defLH:t cf the actual performance of these propellers, Profesaor 
Kankine )>ointed out that the true Condition of propelling 
iuattuments is different, seeing that the propeller is continually 
Uying hold of a series of new masses of water, so that tho 

atiautity of water on which it acts in a given iDt<>rvKl of time 
epeuds mainly on the speed of ihe vessel. Mr. Itnnkine 
remarked that, the only previous author who noticed this ftkct 



seems to hare been Mr. Bonme, who, however, did not work out 
the cunsequeaces. The object of the pa|>er was to point out whul, 
iu the author's view, appeared to be the oc>rrect theory of the 
action of propellers, in a shape adapted fur practical application, 
and to illustrate it by examples founded on actual ships — the 
Admiral fur feathering paildles, and tlie Warrior for the screw. 
The whole of the mathcnuiticul iuvcMtigiitioun and numerical cal- 
cnUtioos were added in an appendix, the liuly of the paper con- 
tainiuK an acouuut of the principles. ThruughDUt the greater 
part of the i rives ligation one constant only in taken from experi- 
ment, viz., tlie mass of a cubic foot uf sea-water, being its weight 
in pounds divided by the accelerating effect of gravity in a 
seooud. In that part of the investigation which relates to the 
friction of screws, one more wnslant only is taken from experi- 
ment, vis, the co-eflicieut of friction of a dtac rotating tn water. 

The following general resulta with regard to the efficiency of 
propellers, neglecting friction, were stated to be applicable 10 
all kinds of propelling instruments: — 1. When the propeller 
works iu pi-eviously still water, there is a loss of work simply 
jii-upurlionu] to the slip of the propeller. 2. Mlien the propeller 
works in water previouMy set in motion by the sliip, ilifi-e is iu 
the Ursi place a loss of work proportional to the real slip of the 
pnipeller relatively tn that moving water, and then a farther 
loss of work proportioned to the square of the previoos velocity 
uf the water. 

The prut>nbte effect of the friction of a screw waa also luvesti- 
gateil. AVhen calculated by the formulee obtained in the paper, 
the puwer expended in actually diiving the paddles of the 
Admiral wss found to be 77 |ter cent,, and in driving the screw 
of the Warrior, 77^ per cent, of the aclunl indieivtetl itower, while 
tlie efficiency of the propelling instruments themselves is fonnd 
to be 0*7U fur the paddles of the Admiral, and 0*773 for the 
Warrior's st^w. Combining thene data, the resultant efficiency 
of engines anil propeller, for b<ith ship,-*, is found to be 0*6 or 00 
per cent, of the indicated power. When the effective thiost of 
the paddles or screw was cslculated theoretically, and compared 
with the resistance of the ship computed acourding to the princi- 
ples laid down in the ]>u[>er read bufure the Tnstituliuu, by 
Frofeitsor Bunkiuo, iu 1861, the dtffertiuco in the case of the 
Admiial waa found to be j^J^lh, and in that of the Warrior 
^^jth part of the whole reeistauce; both these differences being 
within the limits of errors of observation. Prufi«iior Kuukiue 
added the I'enmrk, that, for such oomparinons to be made in a 
satisfactory matiuer, it is necessary to have the lines of the 
vesKi-l. 



On SucctMMive Integration, to a* to obtnin a Scute qf Anatt 

by C. W. MKKKifiKi.n, VMH, 

Tuts paper contained a proct>s8 fur so arninKing the process of 
integration by means of ordinates, as to yiehia regular scale of 
areas, suitable for curves of displaceraeut, or similar purpose«> 
without the necessity of making a sei>ai-nte sum of the integra- 
tion up to each onlinate. Mr. Merritield showed that the 
novelty of the process consisted rather in arrangement than in 
method, and he gave an account of the general theorr bv which 
the formola conld be so extended as to give any required degr» 
of accuracy. He exliibitcd a dingrnm containing an example 
fully wurki-d, and staled his intention uf adding n cumplcteset of 
examples to his paper, if U should be printed. 



On tke Comparative Value of Simpeon'e Two Rulet, ami on Dr. 
HW/fy". Rule, by (J. W. MjiBRiFirui, F.K.S. 

Me. MERRitiKLn began by calling attention to a remuk of 
Professor Kankine, that Sinapsoo's 6rst rule applies with strict 
acc\iracy to the problem of Hnding the area of the cubic para- 
bola, as well as of the common (mrahola. He then, by moaos 
of the calculus of finite differences, laid down a general furnmU 
for the comparison of the first aud second rules, from which it 
appears that when both rules cau be applied to the same 
number of ordinates, the error of the first rule is smaller tlian 
that of tho Accond, in the proportion of 4 to 0. He inferred 
that the second rule should never be used, except as a mere 
matter of convenience, when the number of intervals h.ip|>eus 
to be o<td, ami also diviHible by three. 

Mr. Merritield then proceetled to give some new demonstra- 
tiuua of I>r. Woolley's rule, and showed that it embraced the cubic 
paraboloid, and not only the common panboloidi M had been 
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prerionsly nappoMcI. Be also iDdicateJ aome modiGcalioDs of tt. 
Mr. MrrriHi'Id tlion proceoiled to demoDsti-ate n new fomiQla, 
ttoing ftu exiottsion of the principle of Dr. Woolley'B rule, to k 
triple integral. He iiliowei) that there was Btill the eniue remiLrk- 
nhle siniphcity to be obtained, na the fiuai expreaaion only 
iDvotvtHl 6 ordiuatea oat of i7, which were raquired to defioe 
the integral. 

Appended to Mr. MerriSeld's paper wn« a note by Mr. H. J. 
Parkiss, Vice-Priucijwil of the School of Naval Architecture, 
0Xteudiug Uit) priuciple to aii uidimited number of independent 
int^mtiona, And pointing out the character of the restrictions 
by which simplicity vaa ^iued at the ezpeuse of generality. 



On tJie MeoMurement of Carved Surfaces, by piean$ of Ordinatei, 
By C. W. MKnniPiELD, F.R.3. 

It i« difficult to (five more than a very .virarunry idea of this 
paper in a ahnrt abstract. Mr. Mcrritiuld's luclhod of uieasurtug 
a carved surface depends on the common formula of the 
differential cnlcutus for the olemeat of a surface; and it is very 
little more th.-in actual snhHlittitinn in this farmnhi. He first 
iUoweil how to obtain the direction of a curved line by menus of 
ita onlinates, and thus to evaluate dirTerentinl co-efficients, which 
he then combined, bo as to give the elementof the suiface. This 
element was then subjected to a double integration, a« if it were 
the ordinate of a enlid of which the volume were sought, the 
result, however, giving the surface rcouired. Mr. Merri6eld 
•howed that hy proper arrauKenieut, aiicl with the help of suit- 
able auxiliary tables, this cak'utation, although not short, was 
■tiU well within what could r^asouably be accnoiplished. 
Mr. Merrifield called attention to some books, useful for thin 
purpose, which he had laid on the table for the inspection of 
aienibera and asuociatea. 



On the Construction of Armour-clad Ships of ITar, by Rear- 
Admiral Sir Edward Belchkr, C.B. 

SiK Edward Bklcubr commenced by remnrking that no 
reasonable thiokneH<i of iron piste, rr applied at present, or pro- 
(KMed to be applied, for the coating of our irau-cUdti could he 
expected to withstand the heavy orrlii.iuce which it is eon- 
i«iuplated to use fur service afloat, and tliat our ships of war 
were at present so over-pressed with armour that they were 
virtually inefficient as rapid, handy, and Active cruisers; bis 
attention had therefore t>eeo directed to a diifereut mode of pre* 
MOting the inm works, of rendering the hall Less peuetrahle 
than it is at present, and of diminishiug the etfoct where poue- 
tratlon is effected, as regards splinters. Eventually, if the vessel 
were coaatrncted, as regards her ribs and filling between them, 
on the plan proposed by the author, than she could be planked 
aod sheatbeil with copper similar to our old ttmber-built vessels; 
free, moreover, from the liability of water coming at all iu oun- 
tact with the iron. By the practice at preaenL pursued, the 
heavy nod unmaoageahle iron platii.4, varying in weiglit from 
3 to 4 tuns, depended for their security of .attachment to the 
■lender framework upon through 'bo Its, screws, and other 
Adaptations, alt proved more or less insecuro^ and as yet, oone 
of these vessels had been subjected to the reality of an action, 
the much more dangerous trial of grounding, or the continued 
concussion of severe gales loosening the fastening within as 
well «^ without — for the treatment of the targets at Shoebury* 
neas was not to be comparetl with active warfare. But eveu 
there it hwl been proveil thst no thickneas of metal yet presented 
for test hnil withstood the heaviest gun we even now possessed. 
But i; was not the penetration whioTi was most to be feared; it 
was the effect of the shot or shell after penetration, the yet 
untrieil difficulty of remedying the disaster resulting from one 
well-directed shot, and the iDsuffieiency of the hull itself to carry 
the guos with thatamonntof armour-plntiDg which was intended 
to protect them. 

At the late meeting of the British Asioclatiou at Bath, Sir 
Edwnril Belcher had given an outline of what he had now 
more fully matured. He began by assuming that as our shipa 
were only baskets In regard to resistance to these heavy guns, 
we required in the hrst instance, irrespective of the ordnance, 
such shells or cotoibos of ships as would withstand a good light, 
and be to a certain degree fit to renew action with vesiiels similar 
in force to our present armoured vessels, yet to poaseKS greater 
eompar«ttve invuluerabiUtyi or, iu plain terms, to posss aa 



greater adaptatJoD for defence, nud facility for remedying 
damages, than any we now poeeessed. A ship of thiu description 
demanded meroly euch protection up to her deepest line of dota- 
tion, or ordinary rolling angles, AS would shield her machinery 
effectually, and, under ordinarv action, be free from Ufibility to 
sink within a ratioiml period demanded to repair defe<^is or efh- 
cieittly close any specitio perforations. With a hull ao prepared, 
and ilecka rendered bomb-proof as regards obli({oe or glaudug 
shot, the fighting batteries for guns and their crews would 
become but a secondary consideration, ns most seamen who have 
nerinosly considered the (piesUon wonltl prohably prefer lighter 
bulwarks through which shot and uhell could pass freely, than 
be subject to the frightful effect of being boxed up aud 
mutilated by the vei-y spliutera of the plates provldeil for tlieir 
protection. 

The ailmiral advocated building the ship herself of such 
strength by the very process of construction, by placiug in her 
framework in a peculiar manner such a proportion of iron, that 
iron plating should be necilless, and that it would tie possible to 
sheathe and copjwr as of old, and to repair damages dm-itij' .ictioa 
with tlie same f;iciMtyfts our forefathers did. In fact, he pro- 
pose>] to make hi» frame so far shot-proof that it would not only 
bear oompAriaou v.ith tho heaviest irou-clad, but would come out 
of action rdwAys in a condition to renew it, instead of running 
home to her pareat» here to wipe olF her Icars resulting frruu 
himeuess. He tliun pnHsed to tlie explauatiuu of the mode by 
which he proposed to nitain liis object^ and to compare the build 
of the present Warrior class, aud Ler weij^ht of irou. Her ribe 
an* i fet-t Ajiundiir, and the tluckneiis to carry the plates is but 
gths. She is filled in with teak, which does not, however, enter 
into her itrength. Each cnbic yard, as before slated, weighs 
'.il2'i lb. Assume b inches to be the diameter of the shot 
or shell to be used, the author gave 7 iuclies space betweeu 
the inhs, which are b> be 18 inches wide and 2 inches in 
thickaes9, cold short ur caae hardeood on the exterior surfaces. 
His proposition was, to fill tc with a peculiar snbatance, 
termed at present " zopissa board," possessing the same 8|>eci6c 
gravity as teak — viz,, 4.S" — but of fourfuld repisinntr, iiicuiu- 
hUAtthle, pnitociiri;r iron, resisting water, and finally, an abso- 
lute non-conductor of galvanic electricity. Now, as the speeifio 
gravity is the same as oak and teak, teak might l>e luwumpd for 
the present as the filling and haekiiig. Therefore, taking into 
cunaideraliou the nect'iwily for protecting the iron from exter- 
nal inHneuce, he would tir«t bring on i inches of this prepared 
paper (if wood be preferred after dne experiment, or the xopiMa 
bourti, to supersede it), luid over it 4 inches of leak. Within, 
he would bring on two thicknesses of S-inch paper-board to 
resist splinters if shnt penetrated. Then followed A labular 
oompai'iiiou betweeu the construction recommended by the author 
and that of the Warrior, and o detailed discussion of the probable 
effect of shot upon the two vessels. The zopiswi paper-huani was 
slated to he the invention, or rather discovery, of Colonel 
Szerelmcy, formerly on the statT of the Austrian army. It was 
not a supporter of condiustiou; it was capable of being nsed ia 
mass without waste — indeed, similar to a fusible metal. It was 
free from any particle of muii*ture; and whereas any ordinary 
paper would corrode iron, it, on the coutmry. adhered to and 
formed over it a covering impervious to water. If our iron- 
plaied ships bad this substance interposed between the plates 
aud ribs, and usenl as filliog. the vvesel would b« safe, even if her 
armour-pl.iting fell away. It was an absolute uou-couductor of 
heat, cold, or electricity, and the time was, perhaps, not for 
distant when its use iu ouveriiig boilera, steam Inbes, funnels, 
&C., would beconie very general. 

Sir Edward Belcher concluded with the following remarks.-* 
I had intended, as I tirst stated, to have simply placed before 
the institution the quasi invuloerable and unsinkable shell of 
my corvette, for I would leave the ptolecliou of the men to those 
who think more about such tu&tters. But I wished to add one 
mure effort to bring all the gubs tn perform their duty. It is 
imm-iterial to me if you give each guu its turret— on the deck, 
not Coles's revolving— or bring round your couiiectiug bulwarks 
f»i them, but I think my heitrers will &ot fiul to understand 
that 1 have so transposed Mr. Reed's rectau>;ular box Into a 
lozeiigo, that 1 lo«e no streitgth in whatever direction I may b« 
assailed. I nm able tn show five guns ahead, astern, or abeam, 
by the Klightest |K)»flible deviation from the oourAe. That subject 
is of too much importance forn short observation. As to offence 
of the vessel ahead or astern, the is adnpled to go over or under 
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mj Adrenutry, and prewnts a wasible tool for an intellip^eDt 
workraao; xuch n tool preci'tely ne we tiae in the CTiUing of iron. 
I remove my leiiijth of keel and thus facilitate turning, oa tlio 
pi'iucipte of tlie fnmed "mui^iiui" (Uermudiau), winch him only 
half her deck Jcogth on her keel, aad the rake of Bteni find stem- 
post at oppoflite ADglr^, I propoM to facililute tnruing. Theso 
lire aocoudftry niatterd not involved in my programme. J may 
observe that the use of |Mi|>cr' board woiihl dvaden cunciittHiou 
•coDalilerably. I dott turn tu my UQsiukiibiLity. It will bu wvn 
that I have added a VLTltcal barrier to support mr coal resintaDco 
'backing the uew amatructiuii. That a very amrill portiou of my 
.Teasel, merely the segment of 4A dpgi-eea of her rtJiiuding, 
demands protection. That the coat-butikers representing coal 
At 72 pouudx the cubic toot cannot come into the caLegory of 
bilging a oompnrtmoni, to admit suit water at 64'-t the cubic foot. 
That the bunkers are so arntuged as lo kuep the coal pressed 
borne to the sides and conduct the water to the bilge. That the 
vertical supports renting on the tloor-euds auBtain the vesael 
completely if she groand^; and ftually, if ebe groonda and makett 
a hole, tlieHe spaces under the engiue-room, fore and aft, capable 
of being inAilu air-tight, wiJl, by the comn»on-sense opcratiiiu of 
-oondensiugair, drive out any water that may enter, aa lahall have 
occasion to illustrate by cxperitueut no reading my other |iaper. 
I have alrea<iy proved, as projKxte*! by me in lUiS In Bermuda, 
and itluHtrnteil lately before a chainuau of the [<oiutoii rK>cks, 
that the air in the lungs of a man can i-aitto a model lift r»r a 
veescl, representing about 50U pounds, in about twenty minutes. 
That depends simply oD the modus operandi; nud [ believe that 
with a certAiD amount of acientific disposilitm in the internal 
fittings of our ships, tuost of the bugbears of sinking could be 
easily overcome. 



•On a FroUtm qf a Ship*a Furm, aa pntenltd to th» Praetical 
Builder, by Chaules Lahfobt, Assoc. 

Mr. Liui'ORT began by rttnarldng that the best model for a 
merchant ship r«alMe«tb« modt pefect Adjustment of a serius of 
compromise*, and that uo one qurUity c-m lie obtained in full 
witboot the saerifioe uf rnmie other. Then dlntiuguisbiiig the 
p<rintii of deatgu, such as speed aud draught, wLiicb rest with tlie 
owner, from those which rest with the shipbuilder, he pro- 
ceeded to point out the distinctiocs between mere speed through 
the water and making n passage, between capacity in relation 
to time and iu relation to space only; between economy in work- 
Jug as a luachine and proSt 1:1 a mercantile sense. To ensure 
"making a passage " be remarked that aa a rule, the form must 
be so modelleJ as to convert every motiim into progreM. 

Mr. I>'import then pa&se^l ou to the discussion of the ailvau- 
tAge which might be Uiken, practically, of a ship's rolling aud 
pitobing to aa^tst her forwttrd pi-ogrcsa instead of diminishing it, 
and gave some practical rules for the |jurt>ose. He nleio discussed 
the motion of the particles of water, bnlli in making way for a 
ship's entrance and again in re^ccupying her wake, and from 
this he drew conclusions as Lo the form to be given to a vedsel's 
bull, and an to the distribution of her weights. Mr. Lamport 
remarked that the true tiiructiou of the particles of rrater iu the 
vake of a ship aud the real curve of their motion were probably 
mere matter of oonjecture, and must be left to the judgment of 
Uie designer. The point upon which he laid most stress wa^ 
that U*iug saliMfteJ an to what the real cost and tendency of tbo 
water is in the ship's wake, the advantage of aiding hotJi should 
not be lost sight of by the designer. Of more piiicticnl impor- 
timoe, beosuse more within the hmits of practical utility, bo 
considered to be the getiend form of the run, so as to utilise the 
luotiou of rolling as well as the moi-c violent one of 'scenditig. 
With regai-d to tlie bow be w.h8 of npiiiinn that the boat form of 
compromise warranted by all the o>>iisidei-utious which be adduced 
results in what ha^ been termed, from its vertical ftealioiis, the 
(J Ihiw, >mviag a section of a pambola lu the true line of resist- 
ance, viz., from uuy point on the bow to the surface, at aQ angle 
of 45 degrees. The author also iusiated on the impoi unce of 
keeping the ceutre of gravity of the submerged portion forward, 
aud that of the portion above the luad-water-lioe well afi. 



Propottd Method of BtotHing Iron Fntmm in Shipbttildingt 

by W. J. Macuuokn Haskinb, C.K., L.UIJ. 
Thi opening or cliisiitg nf angle-irou is not only diOicult to 
perfortu correctly, but it straius ibe malarial vary severely at 



the angle, and is always more or less injurious to its strength. 
The auUior suggeHU that the required bevellings migbt be given 
much more easily, aud without the slightest overstraining of 
the iron, by twisting the angle-iron instead of opening or closing 
it. This would have the additional advantage of placing the 
thwart-ship arm of e.icb frame normal to the skin, bciug pre- 
cisely the position that is mo<it favourable to sti-eugth aud stiff- 
ncaa. The beam-ends aud tlii: uilges of bulkheads, where rivctted 
to the frames, would have to be slightly bent horiz-tn tally, and 
the flour-plates slightly twisted so aa to be oornial U) the skiu 
also; and this too would be advantageous in point of stxcDgth. 
Mr. J. R Napier has pointed out that the twisting should be 
performed on the angle-iron while straight, before bending it on 
the levelling plates to the required curve; and that a^ the twist 
would be very gradual, it might be given by a suiuhlv uiucbine 
to the bar when cold. Tlie author states in a iiute that lib:* 
rouuiue aloug the lines of greatest aitd least curvature of the 
ship's skiu would be ahapt-J bv bending alone, without twisting; 
but thHt the drawing of thode lines would b« too difficult fur 
general practice. 



THE WEAR AND TEAR OF STEAM BOILERS. 
By FftEDEnicK Abtuub Paolt, C.li.* 

AtxMiRDivo to the published r^'port of the engineer of the 
MsQobe^ier Boiler Assnraoce Company, foriy-thrce explosions, 
attended with a loss of seventy-four lives, occurred in 1654 in 
this country. The engineer of the Midland lloiler Assurance 
Company gives the uumber aa forty-eight, causing tbo deaths of 
seveuty-five and the injury of 120 persoDs. These statistiGa ara 
430i]feadcdty incomplete, being, from obvious canses, tmiuerically 
nndentated. The Royal Comniissiouers on the meultic mioee 
report that, in the dietricta of Cornwall aud Devon, boiler ex- 
plosions are of very fretiueni occurrcnce;t and, in these sparsely 
popiilaied districts, they easily escape the public attention. 
ExplosioDS, again, which only injure without killiug outright, 
and therefore do nut call foi a onroner's iiujueat, also happeu 
without aitnictiiig much notice. The tigores cited thus under- 
state tli« destrnctiou and injury to life through l>oiler explosions, 
while only a guess can be hazarded its to the annual loss of 
property they cause. F^ch explosion testifies to the probability 
that a number of boilers have beeu prevented froiii exploding 
by mere chance, as also to much unchecked decay and deteriora- 
tion, which migbt have been prevented by greater care aud 
more knowledge. Besides, apart from the disastrous resnits of 
au explosion itself, the nndue wear and tear of boilers means 
the suspension of the workshop or factory and the demurrage 
of Che fiteara-vcssel. With respect to the aiuses of explosloDS 
themselves, " there are," to use the words of the late Mr. Robert 
Stevenson,^ "but few cases which <lo not exhibit undue weak- 
ness in some part of the boiler;" and the same opiuiou apfMars 
lo be held by Profe.-aor Faraday .§ The opinion that au explosion 
is rather due to the wcnkoess of ihe boiler than to the strength 
of the steam may in fact be said to be uuiversni. There is, 
iudeed, a very complex train of meebaoic-d, chemical, sntl 
pliysio-chemic&lforces, leading lo the deteriorntiou and cousequ«Dt 
de><iructiou of a steam-boiler, and it is probable that no other 
metallic structure is subjected to such complicated couditious. 
The pressure of the steam and the he:it of the 6re prtdace 
tnechauical effects, while tMith the burning fuel and Ute water 
react chemically on the plates, and in accordance with their vary- 
ing chemical pr.ipcrtics. Bach of theso ngent^i pUy, so Ut speak, 
into the other's hands, furthering and ijuickening the othar't 
progress. It is difboult to distinguiHli with slriotuess beiweeo 
the effects of endi; aud it is maiuTy for the sake of convrnienl 
examination that they can be cla>idi6ed into: — 1. The effects of 
the presure of the steam; 2. the mechanical effects of the heat; 
3. the chemical effects of the fuel; 4. the chemical effocta of tbs 
feed-water. 

Till DiBEcT Effects op the Pressure of tiie Sibam. 

Tu catcoUtiug the working atrenglh nf a cytiudrical boiler, the 
plates are assumed lo be undt>r a static loud, and to be submitted 
to a teusile strain. Ttio former of these asbumptiona is aeldom, 
and the second is never correct There are two priocipiU caoacs 

■ I*atMr roftd More lh« Socictr vt Ans. 
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that teud to exert inipaUive itraios on the aides of a boiler:— I. 
The taddea cbeckiue of the curront of ateam on its WA^r from 
the boiler to the cylindor; 2. Quick firing, atteaded with too 
snoaU » ttaam-rooEu; and both may sometimes be found to net 
in eombiuAtioD. To the first of these caudes, the explotinn, fur 
hutMioe, of one of the boilera of the Faraoa steanicr, at Suuth- 
MnptoDi a few yearn aj^, baa been aacribed by the Guvern- 
meot eogiueer kurveyor;* to the second, the explosion of the 
copper boiler of Uie Comte d'Jiu yacht, io Franc*. According to 
Dr. Joule, the mere dead pressure of nu elastic fluid ia due to 
the impact of its iaaumerable aioms on the sides of the ouu6uuig 
Tes«el. When the motion of a current of steam is suddenly 
ebeoked, as by the vaJve, in its passage from the boiler to the 
cylinder, its speed and weight cause a recoil on the sides of the 
boiler analogous to the effecLsof the, in this case, almost inelastic 
current of water in the hydraulic ram.t This action is uoces&arily 
most felt with entities Iti which the steam ia let on suddenly, as 
iu the Ojrni^li and other single-acting engines, wotkiug with 
•team ralves suddenly afibrdiog a wide ouUet, and as suddenly 
eloaing. It produces such phenomena as the spriDgiug or 
breathing of cylinder covers, and the sudden oacillatious of 

Sages, noticed lone ago by Mr. Josiab Tarkes and others.^ 
me years ago, while acandiug on a boiler working a single- 
acting engine, and wi(h a deficient amount of steam-room, the 
writer noticed the boiler to slightly breathe with every pulsation 
of the engine. The wimc action has been observed by others 
with boilers the steam-room of which is out of proportion to 
their heating surface. The intensity of the instantaneous im- 
pulscn thus generated would be, as Mr. Parlces ubserves, difficult 
to meaaure, but their repeated actiou must rapidly affect the 
boiler at its mechanically weakest points. The more or less 
■nddea closing of a safety valve white the steam is blowing off 
mmld evidenily produce the same effect; and this view is 
strengthened by the fiuA that the great majority of locomotive 
boilers — in which while at work there ia uo such sadden call on 
the reservoir of steam aa in the Cornish engine— eipluile while 
standing, with steam up, at the slationu.§ It is uut dented that 
in the case of a locomotive the murt> extra accumulation of steam, 
from the safety-valves being sciewed down above the working 
pressure, will alsu come into jday. J^ut there can be little doubt 
that most boilers are subjected sooner or later, and with more 
or less frequency, to an impulsive load. This being the case, 
this consideration alone would demand a factor of siaety of rix 
in the designing of steam boilers. The Commissioners on the 
^>plicatiou of iron to railway structures, in theirthird conclusion 
ou a mass of evidence, which has made their investigations the 
most valuable ever conducted on the atriMigUi of materials, say 

" That, as it has been shown that to i-esist the effects of 

reiterated flexure, iron should scarcely be allowed to sufier a 
deflection equal to one-third of its ultimate deflection, and sinoa 
the deflection produced by a givtm load Is incroaaod by the effects 
of percussion, it is adviuble that the greatest load in railway 
bridcea shall in no case exceed one-sixth of the weight which 
would break the beam when laid on at rest in the ceotre.|[ 

Emersou showed, more than sixty years ago, that the strtaa 
tending to split in two an internally perfectly cylindiical pipe, 
aabmitted to the pressure of a fluid from the interior, is as the 
dijunetor of the pipe and the fluid pressure. He also showed 
"tiiat the stress arislny from any pressure, upon any part, to 
aplit it longitudiually, trausversely, or in any direction, is equal 
to ihe pressure upon a plane drawn perpendicular to the line of 
direction." Aa in a boiler the thickness of the metal ia small 
oompand with the radius, the circumferential tension has been 
asaomed to be uuiformly distributed; aud the strain per unit 
of length upon the transverse circular joint being only half 
thai upnu the longitudinal ioiuts, the strength of the latter has 
been taken as th« basis of the calculations fur the tensile strength 
of the joints. But in taking the lutenial diameter of the boiler 
as the point of departure, the internal section has been assumed 
to be a correct circle, which would only be practically true in the 
oaie of a cylinder bored out in a lathe, and never iu that of a 

* BoUBasUrT Titstte ob MsHba Bofiiiw sad Stosa VeMola, •(«. Bjr Bobni 
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boiler. Two of Emerson's corollaries from his first propositioo 
have in fact been neglected. He shows that if one of the 
diameters be greater than another, there will then be a greater 
pressure in a direction at right angles to the larger diameter; 
the greatest pressure tending to drive out the narrower side* 
till a mathemiitically true circle Is formed. The second is that, 
"if an elastic oonipresse<l fluid he enclosed in a vessel, flexible 
and cafmblc of being di»tcudcd every way, it will form ilaelf 
into a sphere."' A number of proofs can be adduced that both 
these influences are more or leas at the bottom of the wear and 
tear caused by the direct action of the steam. 

From 1800 to 1364 forty locomotive exploaioos causing a loss 
of human life have occurred iu the United Kingdom. The Hoard 
of Trade reports in the Bluebooks presented to Parliament, and 
mure especially those by Captain Tyler, B.E., probably form the 
most valuable and connected aeries of records extant on boiler 
explosions. This is more especially the case with regard to 
wear and tear caused by the dii-ect action of steam unmasked by 
the effects of the Are, as tbo barret and outside flre-box of a 
locomotive cannot be said to be under the direct action of the 
heat Perhaps the vibration of the boiler through the motion 
ou the tine may inteui^iify this action, but It is cltau* that vibration 
cannot be a primary cause. The majority r>f the rvporta are 
illustrated by careful drawings. Eighteen of the forty boilers 
gave way ai the firel»ox — eleven, frtini the rruvrn of the inside 
tiro-box being blown down upon the tube plates; seven, from the 
itheUg or sides giving way. Twenty burst at the barrel^ and 
two explosions may be ascribed to miscelinocoua cauees, from 
an originally defective plate, and from running off the line. 
Leaving oui all those which occurred at the fire-box, as the 
majority of these miglit be ascrilted to other influences than 
direct pressure, all the twenty explosions of the barrel could be 
traced either to internal furrows or to cracks, both running 
parallel with one of the longitudinal joints of one of the rings 
forming the barrel. .\ll the joinU which thus gave way were 
lap-joiuls; and the furi-owa or the crackfi (and the former greatly 

fireponderate in uumherj occur at the edge of the inside over- 
ay, and, therefore, just at the point where the diminution of 
diameter caused by the lap-joint would he most affected by the 
preasureof the steam. (See Fig. 1, jiage 184.) 

The plate at the chnuuels shows uintlnct traces of lamination 
through the cross- ben ding, and it is probable that plate of a good 
materi.\l will gradually laminate, while inferior metal will crack 
tbruu[;b in much less tinte. Nor are these furrows found with 
only lap-joiuts. Butt-joIntS;, with a strip inside the boiler, aud 
thus destroying the equilihrium of internal pressure, have been 
found to be atteudetl witli similar furruws. Channels of exactly 
the same character have been observed in locomotive boilera with 
lap-joints, which have exploded in Oermany.t 

Similar furrows, again, have been noticed in marine boilers, 
and in old boilers generally, longitudinal furrows being of course 
about twice as dangerovis as those np)»e(iring transventely. The 
smoke-box tubc-plaica uf inside-cylinder locomotive engines have 
been found to be similarly influenced by the raking actiou of the 
engines, showing furrows around the cylinder flanges. A parallel 
case is often found in Lancashire with the end-plates of double- 
flued Fairbairn boilers, which may havo beeu too stiflly stayed 
to the barrel. Circular furrows, caused by the confiuinl motion 
of the end-ptates, are sometimes found at the base of the angle- 
iron rings jointing the internal flues to the end-plates. But 
furtowing seems with no kind of boiler to be more felt than with 
Eoconiotive boilers. This is due to the higher pressure, to the 
thicker plates causing a coarser lap, aud more espectally to the 
fitC't that the unstayro barrel cannot bo thoroogbly cxamtaed 
without drawing the tubes, thereby enabling the furrow toenlai^e 
itself unnoticed. 

The inside fibi-es nf a plale bent an while cold are necessarily 
iultlally iu a state of compression. When the pressure ^om the 
inside comes on, striving to form a perfect cylinder, the plate 
gets bent to and fru, by its own elasticity on one side, and bv 
the pressure of the other. If the iron be brittle, it may crack 
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right through; if doclUe, the outside fibres gradnally lose their 
eliwtioity, snd, uecossatil)^ aided by other causeA, crack away. 
'Flits aclion ta progressire, aad probably very rapid towards its 
later Htages. OocQaweak place formed it«elf, it would have to 
do more and mure of tliw wnrk. Kven wlieu pulled by the 
direct teosioo of the tCHLin^ inachlue. a lap-juinL IwharpH in a 
somewhat aimllar way. For insUDCo, a hnlf-inch lap, snlidly 
weldeil by Bi'rtniiii'H process, hnsi only half the strength of the 
solid plntc;* while the ^-iiicli lap-weld has actually twi>-tbirU8 
of the strength of the entire plate. 

Jlessieurs Jean Piedbceof and Cie., of Aiz-ln-CliapclIe, 
Duanoldorf, and Liese, who turo out anoually upwards of one 
thousand steam boilers, use n UT>-joint which probably ^tps 
slifflitly better results as to furrowin);, while it is much easier to 
cnulk. and must be therefore less iuiured by that procesa. (See 

There ia, however, another important appearance to be noted 
with respect to these fnrrows. An iron cyliD(lric:il vessel uuder 
Fuj. t 
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causes an exploston. The new boiler which burst from a de- 
foctive plate at the Atlas Works, Mauohcstor, in lh.5S, and that 
which burst through a crack at a longitudinal joiut, last 
January, at Peterborough, both gave way whilst l>eiog caulked. 
This agaiu accounts for tho fact that adjacent boilers sometime! 
explode one after the other, poiutiug, at the same time, to the 
danger into which a sound boiler may be thrown by an ex- 
plosion. Cpon the same principle, it is probable that the modem 
guns, built up front straiued rings, will be easily put A<>r« 4s 
eonibat by shot. The probability is that a number of simul- 
taneous strains iu different directions diminish the elasticity of 
the material that would allow it to yield iu any given direeiioa. 
However this may be, it will be seen that it is only tli 
prosAure on the ends of the boiler acting parallel to the axii 
and tending to tear tho cylinder tbrougo trausversely, whii 
bears fairly on the rivetted joint, or rather on that metal betweeo 
the rivets which is left after ptincliing. Unless tho cylinder 
be perfectly oorreot inaidr, the circumferential strain resolves 
itaelf Into croos - l>cnding, shifting the dangerous strain 
from the iron left af^r punching to thu metal at the over-lap. 
With respect to the stress lending to bulge tho cylinder in 
centre, it is clear that if we suppose a iitrip cut out from 

entire length of the boiler, each portion of the length 
of this itrip could be regarded as a beam under an 
uniformly distributed load. As however, with the. 
lap jniot, there is a double tbickneas of metal trans*, 
versely, that joint is the struugest and stitfest portioa 
to resist tht stresses teudiog to bulge out the cyliuder 

Tta. t. 
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internal prcssnro would of course rupture long before it could 
assume a spherical shape, from its ranges of elasticity and of 
ductility beiug no uliort. But ii way be said to be undergoing 
three distinct stresses in as many directions. There is a stress 
acting on the ends, and tending to rupture the boiler in two 
halves iu a directiou parallel to the axis; there is the stress 
which is hoop teuftiou iu a true circle, but which acts with a 
cross-bending strain in an ordinary boiler; and there is the stress 
which tends to make it assume the shape of a barrel, ur to bulge 
it out iu the centre of its length. The precise action on a materi:U 
of several strains liko this is a portion of tho strength of materials 
which is still completely unknown, lis probable effects mightbe 
illustrated by the ease with which a strotched indiu-rubber ring 
ia cut through with a knife, or that with whicli a column under 
oompresaion is broken by a blow frttm a hammer, or by the 
siniuar ease with which a tube under tension is split by a sharp 
blow; iu fact the operation of caulking a defective boiler uuder 
ataam seems thua to often give it the Buishiug stroke which 

t EeecBt pnuUM onUw looonoUT* BBgf&e, p. •. 



in the middle, aud also to tear it into two halves. This affords 
some justigcatioD for the belief of old boiler-makers, before 
rivctted joints were tried under a direct tensional load, that 
the joints are the etrongcat parts of the boiler. And, indeed, 
this is what we find iu practice. The tbinnest portion of that 
longitudinal furrows is gcucmlly exactly in the middle of thft* 
plate, and this is caused by t1i<* lougitudiual stress, which ia 
acting at right angles to the tmnsverse cross-beuding stress. A 
strip cut from jomt to joint ia, iu one respect, iu the ouudition 
of u beam supported at both ends, uniformly loaded through- 
out its length, aud, aecurding to kuowu principles, therefore 
giving way iu the middle. (See Fig. 3.) 

The middle ring of the boiler which burst on the Metropolitan 
Kailway last year, uud the fragments of which were examiuedJ 
by the writer, also first gave way at tlie furrow. Captain TylerJT 
reports that at from IGf to 19 inches from the trausrersejointi I 
or just about the middle of the plate, there was " very littlaj 
metal left holding,*' while it gradually got to its original thick*^ 
neas of g-inch, as Uie groove receded fiom the centre of the plate 
and towards the transverse joints at eacb side. 
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It U impossible to d«Dj the exiBtence of ad in&oite number of 
strauM actiQg on the siiJeB of h vessal uudergoiuf; fluid preaaure, 
producing what, for w»iit of & belter term, might be called a 
** baigiog Btraio." lastancea of this action mny be unliocd iu the 
■ketoh of the leadeu pipes given by Mr. Fairbaim,* wliich were 
bnlgM out in the midiile by iuterual prewure, as also iu the tire- 
box si deaf iofluencetl by the same lueaiis, aiul in the ceotre of 
the inrfacc. Uuac&iuiitabI/ enough, tlie effect of auch a strnin 
on the ultimnte reaiatance, aud, above at), the elaeticitjr, of 
maleriaU, baa beeu entirely neglected by inveetigntore, aud 
there are no published data ou the matter. The elTect of the 
internal pretwure in evidently resi-ited by n double tlilckneia 
of plate at the juiuls, ho that thu lund ou the middle of a eingle 
ring may be conaidcrod as detcrniiuing the weakest part of tiie 
btuW. One of the rings nf tlie Oreat Norttiera boiler, which 
exploded on the Metropiditnn Railway last May, had A length 
transvertiely of about (say) 36 luohea from lap to lap, with an 
ioside diameter of 4f> inches. If ve now suppose a strip I 
iDch bniiul, cut from the ^(I-inoh Inng plate, f^iaiiillel to the 
longitudinal axiti iif the boiler, this atrip in, svipposing there be 
a preaaare uf 100 lb. to the square iuch, uuifonuly loaded with 
3600 1b. — equal to a transvei-iM! loud of I8(K>. lb at the centre. 
Sappo^^iug the plate Uj form a true circle, a hoop 1 inch wide 
of Uie ^ plate woull be subjected, circamfereatlidly, to a teusile 
load of (VKKI lb per *(|uare inch, while (leaving out the diminu- 
tion of area at the ends thruiigh the tine tuhea) each portion 
of the circle, about 1 inch broad and | inch thick, 14 sub- 
jeotail to a load of about 1125 lb. acting pandlelto theaxia of tbo 
boiler. 

To construct a general rule or formula that woald take into 
acoouut the di^itortiug offccta of the lap or of the welt of butt- 
jointe would he impracticable; but it is clear that the usual mode 
of cnlcniattog the strength of a cylindrical boiler, from the ten- 
■ile strength of joinb* teste^l by weights or hydniulic pressure 
directly ajmlied, id fiir from being Correct. It is only tolenthly 
oon-e«t with scarf-weidhd joiota, or with butt-joints with outside 
w«lt8. £veu here, the hoop teusiou of tlie true cylinder is 
rwoWed into s crti8»-bendiug stmiu, if the cylinder (Io»» not form 
ft correct circle tnterually. The usual formula would be practically 
eorreet if the boiler were prevented from altering ita shape 
during the impulaes somelimea given by the steam, aud the 
quieter buckling action caused by the alternate increase aud fall 
of the pressure, lo fnet, a br<ller, like a girtler, does not merely 
demand a high ultimate strength, but al«o a stilfness which is 
the protectiou against alternative atralns, against buckliug or 
collapse. 

Disrvgardlng the effects of the thicktiess of the material, a 
perfect cylinder should theuretically afford the same uliiuiale 
resistance, whether exposed to external or internal pressure. Its 
resistance to collapse should indeed be greater, at most materials 
give more resistance to oompresHsoD than to tension. This is 
not the caae, as the diiiturlioD of form progressively weakens an 
interoal tlue, by iucreaaing the loail on tts surface, while the 
contrary is rather the cuio with the boiler exposed to internal 
tflusiuu. Before Mr. Fairbairn showed the inherent weakness 
of flue tubeti, their frequent explouions Ihrougli cnlla[Me were 
ueribed tu dpheroidal ebuUitiuna and other similar causue. They 
Are now, according to the engineer of the Manchester Bniler 
AMociatLou, Hirouger than the slielle, by means of the T'ii^n 
and au^Ie-inm bandtt nnw generally used, and alao by the excel- 
lent senms Introdncetl by Mr. Adamaon eo long ago aa 1852.^ 
While T-ittin aud other bauds could be used for the barrels of 
boiliTH not Fxpo^^ to the fire, (,aa la reconimeuiled in France § 
Atul by the Board of Tnule Inspector of Railways), Adamsoa's 
■Mm* reversed would probably form exoelleut tranevene joiote 
for a shpU 6i-ed from the outside, and, with a builer like this, 
thin and narrow pbites could be used, affording a stronger and 
tighter lap-joint. With a conatructiou of this kind, little or no 
deflection or bulging cuuld occur, and the sectional area of the 
plate and the rings would really give the strength of the boiler. 

2. — Tux MxcuAMiCAL Errsan or rue Ueat. 

While a maximum of stiffneifs to the mechnnical action of 
tlM pressure is twinired in a steam boiler, a maximum of flexi- 
Irility to the irresistible meohanioal force of heal is of no lest 
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importance. For instance, a great advantage of some of the 
forms of strengthening rings for internal flues ia that they allow 
the use of thinner plates, together forming a structure of great 
flexibility to complicateil thermal infiueuoes. The longitudinal 
expausiou of tueide flues like this is uken up by a slight spring 
or s wagging at each joint, and the end platea of the shell are 
not unduly strained by the eombineil efforts of the internal 
pressure and the expansion due to heat. This is one way in which 
defective circulation, or a sudden current uf cold air or of water, 
can act un the atrucluro by uoeijually alniiuiiijr the plates; and 
although it seems probable that the effecta aaid to have been thus 
produced are, to some extent, due to other causes, they point to 
the iraportanoe of keeping the temperature of the plates aa low 
M poBsible. One protection Mgainsl effecte of this kind is the 
gradual diffusion of beat produceil by ita conduction tc> and Uvm 
the different plates. It is a general belief with engineers that 
a pressure of steam atraius a boiler more th.in cold hydrauHo 
preuore, but it is unsettled ah to what amount and iu what exact 
way. The basis of an examination of the kiuil wouM have to 
be sought iu an exact determination of the temperature nf a 
plate which is traosmitting the heat to the water, and this haa 
not yet been determined with any accnracy. The fact ia, aa ia 
remarked by M. Peclet, who has given great attention to these 
questions, the different phcnumena involved are extremely com- 
plicated. It is clear that the platca must aliVHyx be at a higher 
temperature than the water, aa it ia by the difference uf lem* 
peralure of tliu iwu sitrlacv!! of the plate that it is traversed by 
the heat. He suppoaeti that, though the fluw of heat through 
the plate is inversely as ita tbickiieas (while it ia directly as the 
surface and as the difference of temperature between the outside 
and ittside faces), vet the flow of heat would be the same through 
a thicker plate, from the greater difference of temperature be- 
tween the two surfaces.* He does not sevm, however, to be 
aware of the important law demonstrated by Mr. J. D. Forbes, 
that the conducting power of, for ioslance, nrought-irou, rajtidly 
diminishes at the higher lemperatures. At 2uu^ C. it baa little 
more than one-half thu conducting power it has at H^.f At yet 
higher leniperaturca it might probably be proved, if an applica- 
ble instrument for registering higher temperature were iu exiat- 
Buce, that the powers of cnoduction are still letai. S-rmie of M. 
Peclet'a experinienlH alao seem to be vitiated by his disregard of 
Dr. Jotilu's discovery, thai water in heated by being u]eclianica|]y 
stirred up. It i», however, certain that wattr can only moisten 
a metallic plate when at a lower ttitiiHraiure than 171* C. Aa 
soon aa the water geta thus repelled, the heat radiated by the 
metal is rtiflectetl back from the surface of the liquid; the metal 
gels hotter and hotter, with a correbpoudin^ diminution of itfl 
couductiug powers; ita outside, expoaeil lo the fire, would moie 
or Ie«!) oxidise, and with a similar result; aud a like effect is pro- 
duced on ihe ineiJe, ou the longhened surface of which incrus- 
tatiuu would rapidly adhere, furuiiug a Citleareous coating, con- 
ducting with about sixteen times leu.* power than iron.^ All 
these tcndenciea are of a pivgreasive character, leading to very 
higli tem}>erature iu the pUte, oven to a red heat. This tends 
to expliiiu liiiw rivet-hcaila close to the tire are aoou burnt away 
by the friction of the current of heated gases on the red-hot 
metal; how thick fire-boxes are nuuner burnt out than lighter 
onee, the piocifaa being often arrested at a certain thickness; 
how internal flues of thick plates so often give trouble; how 
exterually bred boilem are must deteriorated at the corners from 
the junction of the ihi-ee plates; and simitar results well known 
to practical men. Another proof that thin platen conduct more 
heat than thick platwa ia afforded by aom« experiments lately 
made in Prua«ia with two egf^-titd boilers, exactly similar in 
every respect, except that one was constructed of steel plate 
4^-inch, while the other was of wrought-irou about ^-inch thick. 
The steam generating power of the steel boiler was to that of 
iron as I27'49 to 100,§ a result which can only be accounted for 
by the relative thickness of the plates. Thick plates are also 
more liable to blisters, one of which would considerably diminish 
the conducting power of the spot whore it happened to form. 

While it is certain tliat bruler plates can assume very high 
temperatntee, even up to red-heat, authorities differ as to the 

* I'mie d« la Cbftleor vol. 3, p. 193. 
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diminution of nltimAto Rtreiiglh which is caused bv heAt, while 
iU effect on the eluticity of the plute has been Bcircely attendetl 
to. The experiroeoU on Ihe ultimate tenacity of iron at higH 
temperatures, cooducted by Baudrimoot,* S^ain, and the Frank- 
Ua Institute, can scarcely be looked upon as of much value, for 
they were made on a very soiall acale, aod with no rej;nrd to the 
tetnporary and pemiaottnt elongaUous, or to the effect of heat on 
the elasticity and ductility. 

Mr. Fairbiiimt obaerrnl no ofTect on the strength of plate Iron 
up to almost 400* F.; At a "scarcely red" bent the bienking 
weight of plates was redace<l to 16978 tniis, from 21 tons at 
60° F.; while at a "dull red" it wag only 1.1(121 tons. MM. 
Tremery and P. S&iut Brice,X aided by the celebrated Cagniard 
Latour, fouud that at nominally the aauie temperature {muffe 
timUfrt), a bar of iron waa reduced in strength to one-sixtli of 
its fiirength when cold. This is much greater diminution of 
strength than that found by Mr. Fairbairn. Apart from other 
caoaes, this might easily be due t<) Ibe fact that iocandeftoeut 
iron affords a different tinge during a dull day to what it does 
in a clear light. Id fact, the great impediment to all thef^e in- 
vestigalioDB is the waul of a thermometer for high temperatures; 
bat M. Tremei^'s result is perhaps more oouformable with iJaily 
«z|)«rienee. Mr. Fairbairu'a data would ahuw that ibc ultimate 
strength of wrought-iron is rednced to about one-half ; but 
M. Trcmery's result explains the generally instnotaDeouscollnpfie 
of flues when red-hot, aud which have been of course origiuAlly 
calculated to a factor of safety of six. 

A most important qumtion is the effect of temperatures, 
whether high or low, on the elasticity of the material — whether 
iron will talite a permanent set with greater facility at a high 
temperature I These data are really mure important than thoae 
on the ultimate strenitth, as they would sliow the influence of 
temperature on the elastic limit, ilere ogniu is a vacancy in 
existing knowledge, which can scarcely bti said to be lillcil np by 
the few exparimoiita of the late M. Wertheim od very small 
wirus.§ He found, however, tliat the elaitlicity of iimall steel and 
iron wire "increases from 1A* C. to tOO% but sometimes even leas 
tban At the ordinary teni[Mrralure.** 

f7V> &e evntintud.j 



IMPnOVEMENT OF TOWNa 
By Jauks LKMoy, A.l.CE. 

No. I. 

The improvement of the MetropoH^ and some of our pro* 
vindal towns, has within the last few years been eainestly 
promoted by the aevenil local aulhoritiee, stimulated by many 
valuable suggestions from vaHoun correnpondeuts. It riuiet be 
admitted, however, that in many instances the subject has not 
reeeival that altf*niinn which its importance demands; and the 
beneficial renulttt wbioli have been obUiiuod in some towus, show 
more forcibly by contrast the neglwrt in others, and the want of 
unanimity which is so necessary for the snccosHfiil carrying out 
of any publia work on a liberal scale. 

Of tho num«rau8 works which are comprised under the title 
of this article, the formation of new streets may be justly con- 
aidered as one of the moat impurtant: and therefore should 
receive the first notice at our bauds. In the Mutni|Kjtis some 
progress in this respect has been made, by the consiructiou of 
the new approat-h to Covent-garden, called Gar rick -street, and 
alao tbe com mnuica lion betweeu Blackfrinrs-rf-ad and Ijoudou- 
bridgc, called Southwark-streeU It 'n also oontemiilatrd by the 
Ilampetcud, Midland, North Western, and Cbaring (.'rosa Rail- 
way Company, to constmct a new street from Chariug-cross to 
Tottenham -court-road, a direct route from north to south, long 
needed. Some few other acheraes are also decided upon, soeh as 
the raising of the Holbom Valley, the improvement of Park- 
lane, the approach to Cuminerciat-niad, WhitechatK<l, and last 
but not least, tlie new street from the Thames Embankment to 
the Mansion House. We glndly accept these, a» an earnest for 
the future, but how arr H they Hp[>ear in compariaou with the 
improvements which have been effected in Paris in a few years: 
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although it may be urged that there were political reasons for 
destroying the confined narrow streets and blind alleys, and 
opening op the wide and mauni6c«nt boulevards; but wbaterer 
may have been the motives, the results are not only direct com- 
munication from one part of tbe city to the other, and tbe 
substitution of large and handsome buildings for suuill and 
dilapidated dwellings; but a steady tlecre&ae in tlie rate of 
mortality, whereas in London, there baa been h oousideiablo 
increase. In support of tbe foregoing statement, we have the official 
retunis on the nabject^ by which it .ifipears that during the years 
I8G0, 1861, 1862, and 1863, the morUlity was as follows: — 

In Pari! a <jecreMe of 0*60 in a 1O0O, 
In LoodoD an inciease of I'l'S in a 1000; 

and if we inclu<ie the year 1864, an increase of 3i>6 io a 1000; 
showing tbe snperior sanitary condition of the French capital. 
Then, as the new sewers of Paris do not carry off the drainage 
from the waterclosets, the cesspool system with ail its attendant 
injurious effects being still in operation, we may fairly conclnde 
that the marked sanitary improvement may be trace<] chiefly lu 
the abolition of narrow streets and unwholesome buildings, as 
before stated. 

Much has been said and written upon the value of our parks 
and open spaces, which are without doubt a great boon to the 
inhabitants of large towns, enabling some of Ihem to obtain pure 
air and exercise; nut how many there are who never have the 
opportunity to enjoy them, tfhose life is s|>eut in unceasing toll 
in crowded ill-veutllated rooms, which they do nut leave until 
nature is exhausted, and their only desire is to obtain rest after 
the labours of tlie day, so aa to tit themtieives fur the work of 
the morrow. Then how niuch belter would it be, to allow pure 
air to fiod its way to their homes, by opening up wide and direct 
lines of eommunicalion and aeration, certainly one of the best 
m«ans of decreasing the mortality which can be devisetl, as all 
other tiatiitary impruveuients must follow. 

Id the formation of new streets, mnuy of the oarruw and 
oouBoed courts and alleys are swept away, loathsome and dilapi- 
dated hovels, occupied by poverty, and in many lustanceH by 
crime, are exposed to view, and their inbabiiants compelled to 
seek fresh quarters, which, If it does nothing else, breaks op old 
connections, and causes many to start upon a fresb and brighter 
career. 

In a pecuniary point of view, it is to the inlpreat of municipsl 
bodies to take care of the health of the pour, becnusR in the event 
of continued sickness they are compelled to seek lelief froa 
the parish: then certainly the readiest way to effect that object 
is to promote good drainage, and wide and open str««is. New 
streets mean new dwellings, and uew <lwelltnga under prof>er 
supervision mean light and air to the occupiem, cou^iequently by 
the pre»ervntiou of IiIh bodily strength the industrious labourer 
is enabled to nuppurt himself and family without assistance from 
bis richer brethren. 

At the present time, however, it is tbonght by many that the 
iniprovtnenu cotitemplateil in the Metro|>iilis, by removing tho 
dwellings of the poor, will cause overcrowding in other neigh- 
bourhomla and iucreased burdens upon the rales of those h»ca- 
lities; no doubt in some instances it will be so fur a short period, 
but it is only a question of Kupply and demand; already then 
are erected improved dwellings furthe labouring clas8ef,in whrdl 
tho health and comfort of the occupiers have been well Htudiedi 
and which are let at lese rents than niaoy of the dilapidated 
hovels they have diHplaced. As an illustration thereof, 
conipai"e tliooo admiiably cuiisiructe>l dwellinga which have been 
art-L-ted by Miss Burdett Coults, Mr Peabody, Mr. Waterlow, 
and many othent, with the houses upou the site of the proposed 
Law Courts at Ciirey-streut, about the removal of which there 
has been such an outcry, and which many meuibors of tho Lonls 
and Commons have such u great desire to preserve. 

There are also workmen's traiiin on the London, Chatham, and 
Dover Railway, and we are promised dwelliuga fur the working 
classes a short dialauce from Ijoiidou, and at moderate reuta, 
including railway fjirc. In fact, the compulsory removal of the 
poor of the thickly pupuUlcd districts will, in the end, become 
one of tbe greatest benefits which can be couferrtNj on them, aa 
it has cauB^ men of capital to take up the subject of improved 
dwellings, which otherwise would, perhaps, not have been con- 
sidered. 

Having in tbe foregoing remarks endeavoured to prove the 
desirability for tho formation of new streets, your correspondeot 
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IngB to mbmit & few doIm apon the mode and principles of 
th«tr oonstruclton, uid the means of wideoiog and taipruving the 
proMDt roadway*. 

No road or «mr fur the porpoM of oarria«^ traffic cna be 
formed within the NfetropolU of lea width than 40 feet, without 
the consent of the ^felnlpnIitAn Board. But in this sullictaDt ? 
Would it not be wiae to niuend this regulation by enacting ihnt 
all new streets ahould be eaunl iu width to the height of the 
proposed buildings, mea«tirea from the footway la the highest 
part of tlie roof of such boildiiig? Thin woiiM, perhaps, be 
ftbj«cte<l to by some peraoua, on the scoru that it woolil limit the 
height of the buildinsa. And not increase the width of tlie streets, 
bat I think it would be found that aiich would not be the case. 
For example the value of building land is estinialed by itM 
frontage, and the price per fiMt frontage ou a buihling Icaae la 
in proportion toihe class of building and thelocality.conscqucQtIy 
it is to the iotercst of the leasee to erect that eiaaa of hnuKe which 
will produce the highest rent, and for the leanor t^i fnrm Iho 
fiCreet of saHicicot width to comrunnd the Inrgent clnas uf build- 
tag, with reference to the locality, and thereby obtnio the highest 
poasiblo ground rent. Dmier the exiatiug law, new streets are 
Kept to tbe minimum width of 40 feet, and lofty buildings are 
erected, to the great Iosa of light and nir, whereas if the free- 
boldem were compelled to lay out their streets as pr>}posm), they 
voold sDooer increaee the width than sutler the loss of revenue, 
firom being debarred from letting their laud for the erectiao of a 
niperior cTrss of baildings. 

As reganls the improvement of cxisting'tnain thorough far ea. 
It li desirable that a geueml scheme for the uUimAte widening 
he prepared and approved for the Metrofwlis, and also for pro- 
riiicial towns, and that uo buildings should be allowed tn be re- 
built beyond such improved line of frontage, the owners being 
compensated f<>r the loss of space by setting back the sai<l build- 
ioes. The Metropolitan aoil district boAnls have power to do 
tfata under the Metropolis Local Management Act, and the Local 
Boards of lieoith under the Looal Qovernment Act, 1^68. The 
work of recoustriictiuti would uecessnrily be alow, but still it 
would be progressive, and not as at pr^x^iiC deferred until larue 
and DOfltly bnildiuga are erected immediately in tbe tine of tUe 
proposed improvements, when from the incrtiascd oost they are 
finally abandoned. 

The ultimate working width of any stre«tf for through traffic, 
it only that of its narrowest part, the increased width of any 
particular portion acting only u a lay-bye for stoppages, or 
■ffording greater facilities for local traffic For example, of what 
KTiil for tnrough trafBc is the gre.tt width of Uolboru, when it ia 
impeded at Middle Rnw and at Newgate-street. The same 
remark aa to ineiiiialitivH of width umy also be mada as regards 
the Strand, Chancery -lane, and many of tbe tuaio streets in tbe 
Metropolis. 

As r«garda uniformity of wiilth, the new atreeta which hare 
been lately formed by tbe Metropolitan Board of Works are 
certainly much to be commended ; but in respect to Gar rick -street, 
a better effect would have been produced if it ha<l been designetl 
10 feet wider, as from the loftiuees of tbe buildings it looks 
narrow. The same defect is not so apparent iu Southwark street, 
it being 20 feet wider; but if the eaamptc as to height eot by the 
architect of tbe hop warehouses, ou tbe south side, had been 
followed ia the design of the other buildings, the open appearauce 
it now bas would have been lost. 

In laying oat new streets through thn thickly populated parts 
of a larae town, it is extremely desirable that sufficient property 
•bonld be purchased on e»ch side, that the entire frontage may 
be available for the erection of buildings which the locality will 
command. This priuciple has been lost sight of in formiog the 
new street nt Southwark: there we have an extremely valuable 
froutaga obtained at great cost, which to some parts, from the 
want of depth and the unsuitablo form of the ground, is almost 
entirely ueeleM fur building purpoees. It will without doubt be 
urged, tbut the board only schedule sufficieut property for tbe 
purpose of forming the street, but it ia an extremely narrow- 
miuded policy, it is what an individual lookiug towards a good 
inrestmeut for his capital would never think of doing, then why 
a different course should be adopted by a public botfy, it is ex- 
tremely difficult to state. 

(To b4 tontinvett) 



SILT TRAPS ON TUE DEHRA DOON CANALS, 

INDIA. 

By R E. FoBEBer, latt Superinttndtnt Docn Canalt. 

( WeM an En^rarinff.) 
Sti.T and sand are the great euemies of all irrigation catmU 
As might have been expected, this subject hns largely engaged 
the ntteution of the Italian engineers. Some of their most 
iuterestiug writings treat of the depositions of stlt and gravel, 
and of their efforts to exclude or get rid of tbe latter, with 
which lliey had chiefly to deal. 

" Some authors have pruposnl expedients to prevent any 
sort of gravel from entering canals. Eustace Maofredl, in 
treating of the means of drawing from the Lebir a Bxe<l branch 
from below Furto Nuovo to below Perngia, proposed tlie ooo- 
structiou of a wfir, which in conse>queuce raised the surface of 
the water ei^ht Homati palms. He directed also tbat the sill of 
the entrance at the hca<l of the canal ahould be five Roman palms 
below the heightened surface of the water, so aa to retain in the 
canal the siifficieut depth of 6ve palms of water, and by the 
three mluudnut palms to prevent the introduction of any peb- 
bles. Again, liolidur, iu the sixth chapter of hts book, 
has suggested the idea of receiving the wnleni into a 
great rencrvoir, iu which Ihey might deposit their gravel bsfore 
they entereil the canal; but although this plan has been prac- 
tised in the famous canal of L»nguedoc it is always liable to the 
objcctiou that it is extremely difficult and expensive in the 
executioo, and never applicable to any case in which it is necee- 
sary to dniw a fixed channel from a great river running between 
mountains"* 

The above was for excluding gravels; and to remove thoro — 
" They have sufficiently provided for the clearing out of the beds 
in the upper trunks of these two cands, where stones and gravel 
are brought down iu gre.it abundance with the stream, by 
placing in thetn a number of discharges Ruflicieut for the purpose, 
colled bottom or ground sluices. This sort of outlet should be 
Constructed in the bnnk of tlie cacal on the side nearest tbe 
river, in snch a manner that their sills may be lower than tbe 
botUim of the canal itself. The waters that are occasionally 
suffered to precipitate themeelvcs iuUi the river from Buoh aper- 
tures Acquire great velocity As this acceleration extends 

a considerable way frv^m the opening of tbe grooves, substances 

are dctauheil from the bottom With several sluices of 

this kind, which are opened at proper times, and whlcb are «o 
distributed that at the spot where the action of one ceasee, the 
action of another begius, the gravels which hnd entered the 
cauals are force<l to thmw themselves ag:^in into tbe river in the 
least space of time pomibte. 

The large irrigation works tn these provinces snffer from the 
more subtle and more annoying, if uot more dangerous of the 
two enemies, viz., silt. And no stAps have been taken to exolade 
or get rid of it on the large canals in the plains, as none eeem 
possible, owiug to their great size and the large volumes of water 
they carry. But on the smaller water-coursea in the Dehra 
Do<ou, meneures have been carried out to intercept and remove tbe 
silt; aud while the smallne^s of these water-courses allowed of 
this being duuo, it was of absolute necessity in their case that it 
should be done as will be seen further ou. One thing that made 
it necessary was, that they supply water not only for irrigation 
but for domestie use. 

The means by which water may be freed from its impurities 
are either, 1st, chemical; or 2nd, mechanical. With the former 
we have noiUiug just now to do; mechanical means aro the only 
ones us yet employed in tbe Doon silt traps. All the methods of 
the second, or mechanical clearing of water, are one or the other 
of two procecucn — viz., subsidence and tiltratiou. The first of 
these processes is of a negative character, consisting simply in 
letting the water remain fur a considerable i^»eriu<l iu an undis- 
turbed couditiou. It is well known that If a quantity of water 
having particles of any foreign matters of greater speciBc gravity 
than itself floating or diffused in it, be allowed to continue Iu a 
quiescent state fur a sufficient length of time, these particle* will 
subside to the bottom of the water, which ia thus led compan- 
tively clear and limpid. The process of 61tmtian is effected by 
providing a bed of easily procurable materials, in which the 
water depostte the solid particlce which it held iu suspension, 
and finds it« way to the lower bed in a comparatively clear 
rtatfc 

* ItM o> BlfanindTWnalB. 
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Both these principles hare bt-eo bronght to bear from the 
earliest times. The Komaua had their Limaria aud Coucep- 
tacula. The former were opcuair reservoirs or cisterDs; the 
Utter, reservoirs vaulted over, to sholter the water from the 
influeocfi of the atmosphere. In l)w lAmnna, the prioi^iplo of 
stibflideiice was employed, and the slMlQeaa in tbe w&ter reqnisite 
fur it waa obtaiut'd not merely hy iucrenaed width and depth l-ut 
also by change of direction. Thus (Fig. 1, rinie !6) the water 
flowed into the Limaria, at the point A, and its exit wasnt B, or 
at right angles to )t« original direction, which it regained bj 
aDotherlurn. Killratiou wft8|>erformed iu many ways, principally 
by taking advantage of the height to which the water was brought 
bftfore it was made use of, by building one reservoir over another, 
and letting the water from the upper one flow into the lower. 

Both these principles are also emplnyed in tlie arrangeiuentB 
m&de for purifying the water intended iTor the supply of towns 
iu England. 1 need uot refer to those fur 6Uering yet Of ihe 
arrangeracnta for the preliminnry or settling procesa, I cnpy the 
following description of that employed by the Southwark Water 
CompaDy, which bears most aualogy to the method employed in 
iho Doon. 

" The system of cleansing adopted by the Soothwark Water 
Compftny embraces seltliuf; reservoin at welt a^ filtenu;^ beds or 
reservoirs, and some i>ecaliArities in the formation of the former 
deserve notice. The section iFig. 2) will clenrly show the cou- 
atmction. A, A, are the settling reservoirs, having an area of 
between four and five acrvs, and being 13 ft. 6 in. deep, aud faced 
with ^travel. The Wds are formed with a alight inclination 
from the sides towards the middle, nlcng which an inverted arch, 
6, is fonnftd of brick-wurk in cement, 6 feot wide and 3 ft. 6 iu. 
deep. This invert is on osseatial improvement, nod with the 
inclined bod gives great facilities for cleansing iiy Rweepin^' the 
deposits into the invert, and flushiiig it awny with a ciirreut of 
water from an upjwr resiirvoir." 

By this method the deposits are removed at once from the 
aettl'ing lioda without these being kept out of use, which would 
be the case had the deposila to be removed by manaal labour. 
But they are uot thus got rid of, once for all. In fict, as the 
c'enr water after pitssing through the filtering reservoir has to 
be raised to the surface hy means of a pump, it would appear 
that the deposits were only removed hy ihi? aljove means fmro 
the Moltliiig reservoir (which has to he kept in constant use) to 
some side pit or reservoir, fi-oni which they could be removed at 
leisarr. 

In Switeerland a construction U employed which comhinos the 
notiODS of settlement ami filt^riug. A long rectangular reservoir 
is divided into a series of snmll hquaro reservoirs hy means of 
parallel ci-osa walla (See Fiji. 3.) The water 6ows over the top 
and tiirotigh an opening at the foot of each alieruat« one of 
these walls. Fig. 3 shows the made of scliou at once, the water 
proceeding in the dii-ection of the arrows. It Is evident that 
this apparatus can be made to filter the water also, if required. 
Hut here ia<j there are no means sliowu by which it luny he 
rendered aetf-cleausiitg. 

The mere impuriliea ordinarily carried by water b©«r but n 
small pn>|K)rttou to the volume of the water itself. The accumu- 
lated BiHlimeiit would form iio great mass daring a loDg Hjiwce of 
time, and the above coutrivntices are adapted for this state of 
things. But other aiTuugenionts were neceasnry on the Doon 
c&uals. where l;irge sized gravel had to he got rid of, and where, 
during ilie Hoods in the rahin, the watercourses ran with silt 
and water in almost equal qiiautittes. 

The water-courses in theDoou are tnken off from the different 
bill torrents which 6tiw down from the Himalayas, and which 
all flow over boulder and gravel beds. Owing to the great 
velocity of these niouutaiu streams, due to the steep slope of 
their beds, they are always more or leeacharge<l with silt. Kven 
during the winter uionths, when the water in three small canals 
nppears to be flowing along in crystal clenniess, a slight atoppnge 
at any poiut will at ouoe pniduce a deposit <>( a co-^rse blue sand. 
In the rains, when the hill-torrents come down iu fluods. the 
gravel of their beds begins to move; heavy masees of shale aud 
gmvel are hronght ilnwn from the landeli|» which they cause, 
08 they impinge on the sides nf the hills which bound their 
cuorse; aud the streams become nothing but moving linee of silt 
nod water, aud thus cuter the differeut water-courses of the 
country. 

In the canals of the plains the silt is a sufficiently great evih 
But the evils are chiefly that it entails great trouble and expense 



iu removing it. It may prevent aome improvement*— as for 
instance, the introduction of the module — from being carried 
out, but it does not do any positive damage. It is, uowever, 
otherwise on Ihe water-ooursea in the Coou. These water-oouraes 
are almost all of masourr. The slope of the country is so great 
that an earthen channel, which ciiunut iu itself have a steep 
slope, would have to bo provideil with so large a uomber uf £slU 
that the expense would nob he far below that of a maaourr 
channel, to which a verr rapid slope can be given, and which 
can thus carry water with a much leas section, bosidea having a 
smaller number of falls. Besides this, every dro}* of water in 
tbe Doon is valuable, aud a masonry channel prevents all Iom 
from absorption. Thus the Doon water-courses may be described 
as long masonry coudnita, having a section of from 5x3 feet tu 
10 X 4 feet, with a slope of bed uf from 60 to 80 feel per milfli, 
and still having numerous mafiniiry fulls, 5 and 6 feet in depth, 
ou them. They also generally pass over numerous and long 
aqueducts. To these water-con rses, therefore, the proaenee of 
BLlt causes immediate and nbMilule damage. The water nubet 
down these channels with tremendous velocity, and the gravels 
carried by it tend to injure all the masonry works uver wbidi 
they pass by the forc-e of impact, while tlie silt acts even more 
iujoriously, cutting into them with nn action like that of emery 
powder. Even to a bed laid with large boulders great diimaga 
is caused; the mortar joints are washed out, the boulders lifted out 
uf their places, and then rolled along the bed, to add tu the 
mischief. But it is to brick-work that the greatest injury ia 
done. In fact it re<inires hul time to make all brick-work dia- 
nppcar entirely in the prescnoe of such action. In some uf the 
uhl canals there was a flooring of brick-un-«dge uver the archea 
of the nquedflcts. On one of these aqueducts I have seen not 
only the fnot iu depth of the brick floor entirely cnt through, 
but deep ruts forme<l iu the arch itself. But it was on the fiJla, 
which were all formerly built after the ogee pattern aud of briok, 
that the damage was greateat, as might be ex|>octod. Their sur- 
faces were cut into deep slrite, aud they were iu constant need of 
repairs, whicli were dillicult to execute. 

It was therefore im{K>rtaut, as a matter of mere canal conaer- 
vancy, to keep the silt out But it was also neceaaary for the 
sake of the people, as these water-courses not only supply water 
for inigatiun, but also for domeittic use. In the high, heatthv, 
and best cultivated parts of the valley, the water iu the wells is 
180 and SOU feet from the surface of the ground. Wells an 
therefore prnciically useless. The |»euple are dependent for tbair 
water supply entirely on the canals, and it is therefore necessary 
to have tliQ water iu them as pure ns possible. 

Thus, it was Very soon after the construction of the waters 
courses themselvca, that meiuures begun tu be tiiken to ioteroept 
aud get rid of the silt. The relation between the conraes of th* 
canals and the natural feature of the oouutry nfTorded an easy 
method of doiug this. Taken off from various hill torrents, they 
rapidly rise ftb<!tvo the bed of the parent stream, ami fur some 
distance from the head, and before they run on to the table lands 
tbey are meimt to irrigate they have to run along the side of 
the hill or high bank at the foot of which the preeent stream 
runs. It is evident how the drop and hollow space between tba 
auial and the river alfunl an opportunity for the constrtiction of 
a reservoir such aa we need. 

(To b« ccntinved, ) 



THE OLDEST CHURCH BELL IN ENGLAND. 

to TBS ifiiros or tbs crvii ■koiiuk and AKCBtrscr's jocKiiAb. 

Sir, — I sea Mr. Sfwrlin;^ has lately read a paper on Church Bella, 
at the Architectural Museum, which has been printed ia 
your Journal, wherein he mentions a bell iu Sussex, data 
1319, as prolmbly the oldest bell in Knglatid. Locking orar 
some papers the uther day, 1 came across a letter from on anti- 
quarian friend of mine, sending me the inscriptiuu on a bell of 
liLs (tht-'u) church at Clanghtou, near Lancaster, as follows: — 
ANNO . DOMl . M . CC . NONOG . VI . (1296.) 

If this is coriecU Claughtou must possess the oldest bell yet 
kuuwu in England. I have often seen the bell iu passing, as 
it is in the open bell-titrret, aud it has a very green and ancient 
look about it. — I am, Ac 

E. G. Fauet. 

Lancaster, May 9, 1365. 
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ABCHITECrtJRE AT THE ROYAL ACADEMY. 

But a Tery few prefatory rcnaarks will be neeiKul before 
entflring npon oar Moeral description of this year's architecture 
io the Academy. The situation and the space allotted to thitt 
faraach of the aister arta, are the name to which we are now 
becomiog reluctantly accnatomed — vii. a half only of the Bmall 
room at the top of the entrnnco staira, and whicli io reality 
a»rve8 as a sort of antfl-room merely to the exhibition itHeif, since 
the remainder of the wall-spuce is devoted to promiacnoua 
drewing^ with iuodry chalk sketches, and minintures; auch a 
groap as could not readily be clnsailied atnong the general 
colleolinn. KemonBtninoe agjiinst this unworthy treatment seems 
uunvaitiDg, and until tht- |>ruretn)iunal nieinburn of the iicadciuic 
body itself bestir themaelves more unorgelically thjin they have 
done, there is little hope for amendment. It may be tlint their 
nuuibeni and ii)flueuce, beiuf; iu the minority, have iusulficieut 
weight; still, if dupparted aa lliey ought to be by their breilii-en 
and the public voice witbont, there can be little question that 
the prefcsure would be felt in the proper quarter, and matten 
plac^ upon their original and rightful footing. 

Dispersed among tne general list of picturea we note but few 
which indicate special attention to the delineation of architectural 
accessories, and most cspecinlly do we misa the hand of the hite 
David Roberta, which mniutaliibd thc^onuecting link, as it were, 
between the easenti-'vlly pictorial and the matter-of-fact archi- 
tectural devolopmeiita of art, in which respect it will bo long ere 
ve shall aec his like agiiin. Stanlield, in some reKpecIn a con- 
genial mind, never couLl he clafcMid iu the aaiue category with 
iCoberta, ft>r thrhu^h bin power of hauclling the brush is in its way 
equally masterly, he has nsimlly ideniifiHiI liiraMflf so much with 
sabjecta of another kind, as to nrnke na forget that he, mo, once 
was famed for the practice of artistic architecture. Mr. J. F. 
Lewis is one of the few painter<i of the highest stamp who 
beatowK attention upon architectural details, wh^ch tn hU 

Eres are invnrinbly c<'rrectly osprogscd, but this is merely in 
iUg with that exKClilude in HIHog up the rainutiKof his 
s which distinguishes them from those of the majority of 
artists of the present day. 

Thf> " KJchiDond-liiU Hotel/* ns being erected ou Rtcbmond- 
bill, from the deHigus of Mr. Giles (771), ibnugh lesii amUitioiiH 
io its aspect than ^o now i-cnovatAd Star and Qflrter,'parcake(i 
of the same character, nor can we object to the free use of hi^ii- 
pitched roofs, which under such circumstances are Huch vuluable 
auiilinriea in the compoaitiou and ma>isiug of nn extensive build- 
ing. The high roofs ou the new Houhcs of PArliaraeut, it will 
be remembered, were not contemplated in the origiDal design, 
but prul>.-»bly, among the modifi&i'ions which that building under- 
went in lis progress, there was not one that lias been atteniled with 
a happier reflulc la the design before us, verandahs and balconies 
form a conspicnoua feature, though they are so well maiiagerl as 
not to interfture with the main oonatructive Hues ot the 
elevation, while in themselves ooostitutiog its leading archi- 
tectural lines. 

The next drawing is by Mr. Boulnois, forming, with (818), two 
out of the set submitted by bim in cnnipetition for the new 
Grocers* Hall, in connection with which Mr. K. M. Barry here, 
and Mr. Blomtield in the Architectural Exhibition, are alxo 
partiidly represented. Mr. Bouloois'cunceptioo is, we uro Vwiuud 
to say, wlii>ll3 unequal to the subject. The frontage before us 
(77i) too literally carrying out the idea of the matter-of-fact 
•' block of oftieea," by which it is designated, giving a large 
anbrokeu surface of plain wall, <lividcd it)U> regulaily si^fried 
heights, and with uniform. ranges of simiUr two-light windows 
of the most ordinary character, and we have nearly all the ingre- 
dients of thin composition. The interior of the Civic Hnll itself 
ij a better effect, but this likewi-ie falls f«r short of the ordinary 
standard. Mr. T. AUora is nu exhibitor of two good piciurea, of 
works being carried out from his own designs, oue (774) " The 
London and I^anuuiliire lusuranoe Offices, at the comer of 
Leadcahalt sud Biithotisgatti streeta, and the other (777) "The 
Great Eastern Hole!,' at Harwich. The latter is a large ami 
ooble-tooking structure, in which we peroeiVe somo ntiuor details 
similar to those in oue of the most noteworthy of oar modern 
west-end hotels. 

To Mr. C. E. Daris was awarded, in Febmarv if<S!i, the first 
premium in a com|>etition for IJath Forum Houiie Bathing 
Eiitahlisbment, Ac, here uliown in (776). The style is Itali;m, of 
the best clatts, thi»ugh rather cramped iu its proportions The 



Slan indicates three sides of a quadrangle. Overstone Hall, 
fort haiuptonah ire (778) claims attention not merely from the 
size of the building, but from ita peculiar architecture, which, 
though we pre«ume eutii-ely new, partakes lar;::^ly of the objec- 
tionnule features which marked one phase of the .Tacobcean 
transition period; esjiecially in ita block-banded columns, &c 
Except for the eccentricity of this treatmeut, it doea not call for 
a wor^l of remark, and we should have Ijeen glad if Mr. Teulon 
had spared such absurd revivals in the present day. A little 
sketch of "Schoola now bi>iDg erected at Littloburr, Essex," by 
Mr. K. Barr (779), haa the advantage of good outlines and a well- 
devised composition. There i« no plan attached. Jo the adjoiu- 
iug frame, Mr. It. M. Phipwm includes views of three churches 
whidi he is ronturing in the ejistcru coantieB,appareDtly in a very 
common-place way. 

Bramling House, near Wingham, Kent (7341, is one of the 
most tieuaible-looking modern buiKiingn in the exhibition. There 
is no needlesa prvtensiou.yet everything hai«been unquestionably 
well studied with a view to effect as well as comfort, and at a 
reasonable outlay. In this it ranks amongst the best works of 
the architects. Moasra. Banks and Barry. These gentlemen also 
exhibit (793) the new '* Westminster Chambers, Victoria-street,'" 
a handsome and uniform design, uow approaching completion, 
and whii:h is one of the many gigantic and enterprising schemes 
which have sprung upon the Limited Liability Company system. 
Still more extensive are the new buildings of the "Piazsa 
8t*tuto, Turin ** (7S*4), now iu cnurae of erection on the same prin- 
ciple by Meiiara. Baiika and Bariy, and bearing no slight simi- 
larity iu point of design, though perhaps \e»n vigorous. This 
may possibly Ije in part attributable to the architects having hail 
to work upon a tleaign alre-uiy prepared by a local architect., but 
to what extent this proved an obstacle there are before us uo 
means of doterminiDg. The interior of Worcester College Chapel, 
Oxford, is here shown (785) by Mr. Burges, iu its remodelled 
form: the altenition in effect being mainly effected by the |>oly- 
chrome decoration with which the whole sui-faoo ia studded, in 
very questionable usif, us we venture to suggest. The plain 
character of the buiUliug, wliich is in the Roman style, remains 
as before. Mr. Ferrey contributes this year (767) a perspective 
of a raaoaiou which he is allering for Loni Dufferin, at Clande- 
boye, of which sundry mnrgin.-tl slcetchea and a plan convey some 
idea in iu presont state. That the alteratioua may be charac- 
terised as safe is not perhaps saying much, but there is really so 
little t^) challenge mLiciAin, that one ia at a loss for a more appro- 
priiite term. The chief melnmorphosiB consists in the change of 
style, from most insipid Classic to correct but feeble Gothic Iu 
contrast with this we m.ny note Mr. J. P. Seddon's clever and 
vigorous reetoraiioij of Great Yarmouth Church, of which he 
gives (788) a iiorth-eusi view. This church ia one of the must 
interesting iu that part of England, white, from ita large size and 
other cii-cumatAuces, the idea of retrieving it from the lamentable 
state of decay and neglect into wh'ch it had fallen seemeil a 
hopelees one. Nevorih<>less much ban lieen arcumplisherl, and 
with Ao much succesn aa to encourage the ultimate prospect of its 
entire restoration. 

Mr. Gilbert Scott is not an exhibitor this season; but one of 
hi)f most recent ecclesiaittical works — the restorations at Hereford 
Ciithedral — is represented {7Hy) by a large interior view of tha 
choir, prepared by Mr. .1. Drayton Wyalt. This view is taken 
fi*om almost the extreme east end, and thus comprises the new 
organ erected on the south side, the elab^>rate cboir-screeu in 
inelal, by Skidmore, which formed so proniicent an object in the 
Ttst Int^ruational H.\hibition, the beautit\d nucicnt uak stalls, 
as restored, and the rich encaustic pavement with which the 
whole area is covered. The "Randolph Hotel," Oxford (791) 
is by Mr. Wilkinson, ttf that city, aud, like moat of that gentle- 
man's works, is in the Gothic style. Unfortunately, from its poai- 
tion, being placed ao high up, ii is impossible to examine closely 
the details of the design, which however are in effect good. Ttie 
Btmcture id immediately opjioaite to the htte Professor Cockerell's 
well-known Taylor aud Randolph Buildings, to which therefore 
it offt-m in more than one re5[)ect a decided contmat. There \* 
nothing prepoeaesaing iu the appearance of Messrs, Searlc and 
Co's'*llnyal Albert Urphan Asylum," at Bag'^hot i7y:i;, which, 
though large, presents a veiv moagre Italian facade, and little 
more. (795.i and i,Hu6) are designs for west-end domestic archi- 
tecture, by Mewr«. G. E. Street and E. M. Barry respectively. 
and both stated in the catalogue to have beeu prepareil for the' 
Marquis of We«Cmiust«r. The one, it will be naturally inferred. 
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18 as dcddedlv Gothic in character aa the other ia Clnsaic. 
Mr. Street adopts a very picturesque outline io bia "housea," 
which have liigh-pitched alate roofs, with domieni, &c. The wall- 
ing is chiefly of rod brick with atone dreaainga. Some of the 
wiadnwa are ooupler], but many of them are treated aa b »y«, after 
the Venetian type; while at the principal angle one is corbelled 
out aa a circular oriel, with bold eflecL There in, too, a degree of 
uovelty to be observed in the deelzn of the entraooa doorways, 
which are also treated on the corbel system. Mr. Barry's design 
quite idectifiea itaelf with ite author, and displays a reprodnctioo 
of many featurea which he haa of late successfully employed iu 
his lai^r works of this class. One of the chief of these, is the 
use of terra-cotta to a large extent, both in surface work, and for 
the purposes of omnmentation. 

St. Mary's Church, Ide-hill, Kent (796). is an oopretending 
edifice, ao fiaru sizeaud ornamentare concerned, but Mr.Charles 
U. Cooke has contrived, by a judicious grouping of parts, to pro* 
duoe a very satitfnctory etfcct Five drawings in one frame (799) 
illustrate Sir. Digby Wyatt's re-erection of the "Ham," Glimior- 
ganshire, foe .1. Ntchotl, ^^i. I'his is ia the florid Kiizahethan 
style, and would appear to be carriod out iu an elaborutu manner. 
Such a building will be, we suspect, quit* p#r te io the Princi- 
pality. Mr. Wyalt also exhibits [>ii\) *' Addenbrooke's Hospital, 
Cambridge," and (822) an "Original study of a design for Uie 
propofied Sfaakeepeare monument at Stratford-upon-Avon." The 
former is now almost complete, and appears iu reality, as in the 
drawing before us, to lack a more decided oomicc, and some 
upper members, to break the hardness of the straight sky-line. 
The nrincipnl front generally is somewhat lame in appearance, 
notwithstanding the ooiitiuuouH arcatiing (rnlher slender) which 
is its distinguishing feature. The latter ia simply a modification 
of a Soman triumphal arch, decked out with a kind of Klisa- 
bethsn garnishing, the appropriateness of which it is difficult to 
oouceivo. 

Mr. E. M. Barry's " Design for the Grocers' Hall," appears in 
two drawings (800, and ai6). The former showing the iatcrior 
of the principal room, or Livery Htdl, and the latter the general 
external view. The hall is an oblong ixiom, with a noveil uBiliug, 
ftcd lunettes; the whole lighted from above by three domes. 
Along the walls ere detached Corinthian columns, at intervals, 
set against pilasters, and Laving the main cornice or cntftblattire 
broken round them. As a whole, ihough the ofiect is good,th^re 
ia nothing particularly Rtriking. This nlso applies to the exterior, 
which is architecturally correct, so far aa it goes, but has no 
sympathy with the oriliuary character of city halia, ancient or 
iDodern, which we hold to be a drawback to this design. The 
details are throughout of the Corinthian order, cnlamua being 
freely uacd outside as well aa within. The euulrast between this 
design and that iu (772) is worthy of remark. 

The "Scottish National Memorial*' to the late Prince Consort, 
is repreaente<l by two drawings out of those sent in ctmipeiition. 
In the first of those (SOI) Mr. W. A. Carter haa aimed to engraft 
some of the peculiarities of northern architecture upon the more 
usual adjuncts of such memorials. Thus, the upper part consists 
of au open "crown," such as <listinguishes the summit of one of 
the moat not«d churches in Edinburgh, but here it does not sit 
comfortably; indeed the whole outline, from the baae upward, ia 
anything bat pleasing, being appai-eutly overloaded, especially 
considering the slender supports on the lower story. The second 
design exhibited, that by Messrs. .Slater and Carpenter (610), 
dncB not err ao much in this particular, but is very rigid in its 
proportions, and not happy in its details. The goveming idea 
IB evidently borrowed from the menmri.il now being ereou-d by 
Mr. Soott in Hyde-park. Like that it cuuHists of a pedtxital with 
shrined figure above, aurmouuted by a lofty pyramidal cauupy, 
on the " iileauor-crosa " model. We look iu vain fur the merits 
which recommended to the favour of the hanging committee the 
exterior of Mr. F. Marrablu'H proposed new church at Deptford 
(802). Surely, among ihe iununiernUe rejecte<l druwings io this 
church-building and cliuich-exhibitlug age, it would have been 
easy to have selected uiaiiy more worthy to occupy the space. 
In the interior, however (811), there ia a degree of novelty 
which is capable of being turned to good acoouut. TMs is most 
noticeable in the roof or ceiling. In the "National Pmviuclal 
Bank of Eoglnnd," now iu course of completion in Throadneedle- 
stl'ect, Mr. Gibson )kih Ii.id the opportunity of constmcting an 
edifice of gigantic projtortionsi, nnd one which promists to keep 
pac« with the niauifc^it iuiprovementa in the asjiect of city build- 
ings gcoerally. The exterior, ahuwu iu (S14), is of one lulty story 



oniy, of the Corinthian order; the wall space upon the inter- 
columniations having in the lower part a window, and in the 
upper part a large sculptured panel. Internally the principal 
feature of the banking i-oom (BOA) ia a snoceasion of noble columna 
of red grnnite, couplml along the walls, bat thete is also much 
sculpture, and the ceilinf.'a are richly onismented. 

It may be rvniembereJ that the Sonne Medallion of the Insti- 
tute was laat year awarded to Mr. T. H. Wataoc, and that 
gentleman accordingly exhibits (H07) bis snccedaful design, which 
IB for an "Asylum. The style is Gothic, and in its manner of 
treatment dinplays much originality, but here we must again 
take some exception to the general impress of the design, which 
seems quite foreign to its purpose. Especially should we single 
out as quosvionatile, both as regards utility and taste, the chnrch- 
liko steeple attached, though in some respects a clever oom> 
position, which may be described as on the wagon principle, but 
partaking of ihat of the ridge-aud-furrow also; the lines running 
transversely to the building, between the moulded principal ribs 
into which the construction abuts, and which are themselves 
in one large pointed arch springing from oorbel shafts attached 
to the side wiills. 

The sitcct-sa of the Metropolitan Main Drainage scheme has at 
length achieved a worthy reputation, and much of this success is 
due to the energy and skill of the engineer, Mr. Bazalgette. 
The two large dntwiugs here exhibited by him (808, 809) give » 
very fair idea of part of the exterior, vi;^, the "Southern ontlkll 
Pumping Station," in which, as welt as in the practical construc- 
tion generally, the brickwork is beyond nil praise. To relieve 
the monotony of large plain surfactts of one colour, lighter and 
darker re<l bricks arc employeii, as well as au ailditioual eoloor 
for special patterns. The high roofs, with thHr ornnmeutal 
metal work, are of great assistance Io the effect, and the lofty 
detached abaft, square on plan, is anotlier decidedly advantageous 
feature. Keferencs was made^ in noticing the Architi:ctural 
Exhibition, to Mr. E. B. Lamb's clever design for the Ipswich 
Town-holt. If anything were wanted aa a foil in support of 
this cpiniuQ, it would be difficult to find a more certain one than 
Mr. FJlis's oompetilive design for the same building, which ia 
immbered In the Academy cologne (804). A more feeble effort 
is seldom to bo witnessed. 

No. bl2 is the design for the restoration and enlargetoent ol 
the fine old church of St. Paul, Bedford, as originally anbrnittsd 
by Mr, Iv Palgrave, the arcliitect selected fur the work, uid 
which is now, we believe, about to be commenced. The prevailing 
character is Perpendicular, and to this style Mr. Palgrave haa 
very properly adhered in the contemplated additions. 

A large view of the choir, iulernally, of York Minster (817) by 
Mr. W.J. Boddy, chums attention, from the conscientious fidelity 
with which every p«rt is deUneaUMt, while it forms a very com- 
plete and handsome picture. 

Sir Morton Peto's new mansion in Kensington Palace-garden%^ 
is partially shown in the viow(Bii3) of the garden front, exhibiisd 
by the architect, Mr. Munay. The style ia Italian, and it mav 
bo described aa rather dlgnint?d in its proportions than elaborate*! 
in its detail; nevertheless it will present, doubtless, a handsome 
appearaooe if carried out in its entirety. "Ospringe Church, 
Kent," (825) shows a new tower and aonie other restorations now 
iu progress from the designs of Mr. Blackbume, which are of a 
satisfactory kind. It is intended to cover the tower with a pack- 
saddlo roof. "Castle Carr," a mausioti at Halifax, now in courae 
of oompleilon from the designs of Mosara. A. Smith and T. lUe- 
ley, ia shown in two drawings, (813, 833) to be In the cnsiellated 
style, aud to have for ite moat prominent feature a round tower. 

There are, oomfuirattvely, few illustrations of existing old 
buildings. The "Saints Chapelte, at Paris," appears (831) iu its 
modernised guise, a mass of polychrome decoration, "regal in 
splendour," yet, after all, but a quostionabto aucoesa if tried by 
the canons of true art. The time devoted by Mr. Baylla in the 
mauipulatjon of so large a picture must have been euormuus. 
Among riiina here shadowed forth, we 6nd tliose of Newark 
Abbey, Send, Surrey, by Mr. H. P. jVahby; the Temple of VesU 
at liome, by J. M'Whirter; aud the Arch of Titus, also at Rome, 
by Mr. Spiers. We bbserve ah» a clever drawing of one of the 
porches of LAUsanna Csihedral (827), by Mr. ¥.. George; the in- 
terior of SL Michael's Church, Ghent, by Mr. V. P. Sells; and % 
painstaking view of the Hall of Ambusadors at Seville (828), 
ny a lady contributor, Miss G. Wilkinson. 

The exhibition will be closod at the end of the present month. 
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— ...(■■■.■■^ Aufnawvu ujiBivi wuuc n/ boo oeuuuua ua uui luiuiug UUWUHr IIMJT UUpiBOB CUO rOCK tO Ue ODttre dflptD Ot tUO 110160. 

EopolatioDS, hy foolish and diaastrouB "strikes," paralysing the Of the abore 80 holes four are bored of 4 inches diameter, in 

euthy enei^ of entire districts. Sarelj, then, it is hieh time centreofgallerjr, and the others, 1^ inch diameter, are distributed 

the mechanical engineer ahoald be invited to step boldlj in equally all over. These four large holes serve to weaken the 
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lYick, lo thftt llie boles iu tlieir immct<1Lit« unigUbonrliood (which 
ard first blasUid) form a chaani, which enablea the other holes 
(which Ai-e fired iu saccosaion neareat to the edge of such caxity 
till the sides of jpillery are reached) to displace the df-bria easily. 

At the Bardoneehe or ItAliaii end of tonnel, the air working 
the machine is compreflAed to about live ntnio»phei'ci by the 
alternate descent of water down a pipe 6-'i feet high, which heitig 
admitted into a cylindrical veaftel 2 feet tiinraeter by 14 feet high, 
thus drives the air before it into a receiver, udipii Uie water is 
allowed to escape by a' valve at bottom of pipe. The valves for 
letiitig a portioD of water down to act as a piston, at the rate of 
about 2^ Btrokea per mtuiite, and for letting the same escape 
after forcing tha air into the receiver, arc workeil by a donkey 
engine. This compresing app;iratus ia ctiiJahle of supplying 
about 20 cnbic feet of air per niintitc at the preaaure already 
named. 

The air aetnating the machine at the Modane, or French end 
of thti tunnel, is compremed by oompresserfl worked by water 
wheels of 6 metres diameter. The coet of each borer is, I believe, 
alxxit .£80 sterling; bat this can give not the faintest idea of the 
cost of the immeuse plant (something between i.'SO,000 and 
i."l'K),00O} uaed ou that gigantic unvlerlAking, iu the execution of 
which lome 2A0O men are at prenunt couittauUy employed, and 
whicli will yet take years to complete. 

It may be well at this stigeto add that credit is claimed for 
Mr. Thomas Bartlett, C.E., a geuUeiuan connected with the 
well-known houae of Brassey & Co., aa being tho fii-st inventor of 
a mechanicftl jumper for rock, and which has become the atart> 
ing point of whatever has bceu since achievfvl at Mont Cenis. 

SciTWAarzKorp and Phillii^os's — These luachinei are in nso 
iu the Swedish mines, and oonaist of a column cirrying a jib, 
which is mi»e<l or lowered by n piniou working in a rack. Tho 
boring cylinder, with piston, b the same as iu au ordinary stcam- 
engluei the valve is conical and circular, and is turned by a 
Kpiral gr«>ove in ci-ons-head of (uston-rcd. This cylinder is tra- 
versed along a single frame by means of i screw by an attendant 
(according as the boriug proceeds), exactly iu tlie same manner 
and design as an ordioary slide-rest of a lathe. The rest or 
frame, with cylinder, is carried by the jib; the boring tool is 
loosely held in the end nf cylinder frame, aud is turned by a 
lachct, the putwl of which receives the same motion aa the circular 
valve, being worked off the viilvo spindle; the boriug tool, unlike 
the Mout Ceuis tmc, rpooives its blows from the end of piston- 
I'ud; and, to allow the debris to get clear out of the hole (m con- 
bcqueuce of the tool uot reciprocating), the to<d Una to Ito made of 
a spiral form, like a wood anger, to allow the debris Iu wind nut; 
when set to work, tlie oolumn ia jammed fast by clamps betwixt 
ihc tup and boliom uf a<lit in the desiired position. 

Tho piston miikes fniiu 1200 to HuO aimkes per minute, and 
bores Norwegian grauiic ac the rate of 1^ inch to lA inch jwr 
minute. 

Captaik Pekrice's — This tunnelling machine is a powerful 
ntid colossal cue, and conRJAta of a large face-plate (the iliameter 
of the tunnel lo be bored), with several rows of some hundreds of 
ateel chisela acroSM ita dirmieter. This face-plate is mounted on a 
massive axle, working in. buuriuga, at the end of which is the 
ptKtou, working iu a central cylinder, and h-is a large and 
ainall area, the same as in the Mont Cenis cyliuder. The valvo 
U aa urdiuary slide one, wcrked from a pair of donkey engiuee, 
which latter also pro}>oia the carriage containing tliu bnring 
machinery, boiler, &c^ by means of woim wheids, and worm 
geared iuto the rollers, ctriying the whole machine. The face 
plate also gets it^ rotary motion by a worm wheel affixed on the 
axle, ialo which a worm gears, aud is worked by one of the above 
duiikey engines. 

TIio o)]eraiiou may tho^ 1* dcftcribed: the face-plate, with ita 
oumenius chi(M?U, reoeivos its reciprocation from the above 
ceutral cylinder. After each blow it is turne<^i slightly round, at 
the rate of i^ revolnlinuH |ter miuutD. The entire tace or heading 
nf tunnel surface is thus struck or triturated into small fragmouts 
or particles, which, upon f^diing down, are caught by an endless 
ci-eeper, worke^l from a third duukey engine, which conveys the 
debris uuderuealh its entire leugth, aud dclivera it at back of 
michiue. 

It may be here meutioned that this machine would only do for 
soft stone; and the immeuee number of chisels take couaidemble 
tinifi to take out and replace theni wlitn Ihey require Hhcirpeuing. 
I believe this machine was tried in the Malvern tunnel, ou the 



Worcester and Hereford Kailway, and also in tite r«d aandstoDe 
in the neighbourhood of Newcastle-upon-Tyne, and was exhi- 
bited at work before the members of the British Asaoeiation. 

Cbka^e's Machine, nf which there are several modiScatioDB, in 
its principal features is the same aa that of Schwart2kopf and 
Phitippson, the first being made to strike the tool; but latterly 
they are couatructod to reciprocate with the piston; and a recent 
patent shows that the vaWe is a steam moved one, similar to 
Joy's or Colburn's valves. Aa the machine is so very similar to 
Schwarlzkopf and Pbilippsou's it will be uonecesaar^ to describe 
it here. I believe one of them has boeu much improved by 
Greene, end is at work at the Ctogaa and Vigra gold mine. 

Gat*b (of Paris) Machine consists of a cylinder the diameter 
of the tunnel, or say i5 ft. 8 in. diameter by 2 ft 4 in. deep, aod 
say 1^ inch thick; and round the front edge are fixed steel chisels 
at intervals for aufb stone, priama of flint ante, kc. for ordinary 
rock, and prisms of diamond for very hard rock. It is carriod 
on an axle working iu suitable bearings, and this axle carries m 
central boring tou^l. The cylinder and ceulral toot receives a 
rotary motion from a bell cr wire-rope, worked from a steam or 
air-engine, working in a pulley on a cross shaft, which gears into 
the axle by a pair of bevil-wheels — thus making a circular trench 
aud a ceutra.1 hole. A rope is attached to the end of axle, and 
pas8e<l over a pulley, at the end of which ia a heavy weight for 
the purpose of keeping the cylinder aud central tool steadily 
pressed agiiinst the rock while boring. Upon the nccesaarr 
depth being attained the machine is withdrawn, aud another » 
placed to widen the bottom of the central hole in order to make 
a powder L-hrimber, which ufmn Iwitig blasted will displace the 
whole mnas uul to the ilcplti uf the circular trench. I uuderstaDd 
this machine works very well aud rapidly, but I am not aware 
where it is working. A machine of a Hiniilar kind was maile in 
BosU«n or Saw York, America, iu the year lfi52, and wnrknl, it 
is said, at the Uoosic Tunnel; it was designed for catting a cirtde 
24 feet diameter. 

Vallauri and Bcqitet's Machine, matle by Cail & Co. of Faria, 
the celebrated engineers, ia com|>oBed of two carriages, the lower 
oue being mounted ou six wheels and tho other is placed on top 
of lower carriage, along which it srKles in two V grooves after the 
manner of the table of n planing-machine. At the end of the top 
carriage is a cross axle carrying four quarters of a circle, one on 
each side and the other two intermediate. The diameter of the 
quarter circl-js when rpvulving is nearly the height of the tunnel: 
ou the periphery of each iinarLcr-cirde are sleel points, placed 
at intervals, and so set npiraltly that each cuts its owu portion of 
a groove in the rock. These quarter circles are caused to revolve 
vertically by a wire-rope worked from a portable eugine outaide 
the tunnel, after thiit manner. Tlie portable engine works a croM 
shaft by two belts, and ibe wire-rope is placed once round a pullej 
ou the said cross shaft and round the driving-putley on the ma- 
chine, and the other end passes round an anchor tender, which 
latter runs on rails «>uLsido the tunnel, keeping the rope at one 
uniform tighiuess, and as the machine advanced the tender will 
also arlvance. The driviug-pulJey gears into a counter ahait, from 
which a train drives the axle carrying the above quarter-circles, 
thus cutting four vertical trenches from top of tunnel nearly to 
the bottom, the top carriage being advanceti by a acrew aud hand- 
wheel actuated by an atteudaiit. The lower cttrri.igi- is mounted 
on eccentric wheels, and is occieionally tnined down to the lowest 
point nf eccentric, nr) that the circle may cut the trenches quite 
li> the bottom of tunnel. 

I believe this tmtchine has been at work in the Pyrenees aud 
Carmra, and one claim the inventurs put forward is, that this 
method does not require ihe employment of powder; another is, 
that the high speed of driviug-roj^e keeps up an excellent venti- 
latinn, and by working twu machines alternately the system 
allows nf tho removal of the debris without interrupting tho 
progre.'vi of the work. 

Vk. la Hate's Machine coosists of two frames, adjustable oi 
to height or length, which are secnred Iwtween the top and 
bottitm of ahafl or adit. These frameai'arry a horiztuitat carriago 
for tool, which ia caused to reciprooitc and cut a trench after the 
manner of a plane; the raising or lowering of such, according 
as it executes the work, is done by an aiieiidant. This machine 
is also adaptetl for cutting in a vertical direction, but I am not 
aware as to what power is employed to work such carnage. 

Freebt'a Machine. — The principal features of this consist in a 
numl)er of spindles carrying the tools, say eight or more, in a 
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CKSt-iron fmme, which slide« &lonc a lower frame monnted on 
wheeU, audso Armttged thnt itcnu oesetat an angle, Blightly ver- 
tical or humoutal, aerou each and luidva}- of the apindlea, one 
of which in driven by a belt which dhvea all the olhera by inter- 
ttietiiate cog (*eariug. On each of the cross shafts is a revolving 
cam, which strikes a 7-toothe<l circalar cam on each of the longi- 
tudinal or tool spindles, which portly turns and preaaes them 
uuoat a Bptrat spring, nod so aooa aa the revolving cam sUpa 
cmr, the spiral fipringd cause the tools to strike. 

Sax's Machine resembles that of Schwartzkopf and Philipp- 
son, and works auccesfutly in a tuunul near AixU-Cfaapelle; 
bat in the absence of information or details I am tinable to de- 
•cribe iL 

M(73(E0 and Scon's cousista of circular cutters, which recipro- 
«ate a part of r circle, and are worked from a circular sti^am 
chamber, in which a piston also works partly in a circle. The 
steam chamber wilh circular cutters la truvers^d up and down 
in a frame, aad from side to aide, cutting a trench around the 
lunneL 

WwBnuLCon's Machine, working at Mr. Beaumont's mines in 
Allenbeaila, was introduced by Mr. Sopwiih. It is worked by 
wat^r pressure, and strikes the tool same as Schwartzknpf and 
Pfailjppson'a. It is reported to work satiafnciorily, but some 
trouble is experienced in keeping the holes clear of debris. 

2.— Cm/ Cutting. 

Blachines of litis class have been profx>seiI for saving or 
trenching by rDtntiuj^ ctitten», by cotUirs fixed on an endless 
chain, by drilling, and by jtimjiers, pnriug by tniveraiu^ tools, 
and " hewing " m- " birviug " by means of a traversiug pick fixed 
in a vibratiug Ipver, and actuated by engine power or otherwise. 
Of theae I shall only notioc, in a very brief way, a few of the 
most roocnt appliances. 

Frith and Uo?nfisTHORPk'a Machine was first introduced at 
the WifBt Ardaley Colliery, near Leeds. It has been ably de- 
scribed in an article iii ' Good Words' for .\pril 1864, writtou by 
Frofeesor Henry D, Kogers, LL.D., F.R.S., of Ghwgow Univer- 
siiy, and in which many interesting and iustnictivd details, well 
worth tiie pertiaal, are given by that learned gentleman and 
keeu observer. 

There are two machines of this class at work, I believe, at 
HettoQ Main Colliery, and nne at the Marchioness of London- 
durry^B Collier}-, boUi near Durham. It is wirked by com- 
prasaed air of, say AO Ih. or so per square inch, acting on a 
reciprocating piston at the rate of about ^0 to 100 blows per 
tninote, and giving motion tu a heavy pick, which cuts a horta)ii- 
tai gnmve, on the "long wall" system, of from 2 to 4 inches 
wide — iualead of 11) or li inches by the usual "baud kirviog"— 
by about 3 fectileep and about lOO yards iu leogth of "benk," 
in about eight worktiig hours. The atti'udant with one hand 
manages the valve which gives the stroke to the pick, and with 
tbe oUier moves the macltine along. The return stroke is given 
by the engine automatically. 

I have no reliable data as to the comparative cost of cnal-gatting 
by this machine; but doubt not, as the cxtuuaiuu of this svstcm 
of mining proceedii, the working charges will be uuch reduced, 
aa one set of air-corn preasers and their other plant may be 
sufficient to supply many machines, at a much reduciNl outlay for 
attendant ]a1>oui, Slc. 

Bidlbt's Mncliine is very similar in its action to the one just 
explained, and the gt^neral de.-4criptioii of its power gives as a 
day's work {v( three shifts of 8 hours each, or 24 hours for one 
niaehine) the "kirviug" or uuder-cntting 200 to 300 yards of 
loug-wall face to a depth of 3 feet. This rate includes nil necca- 
•ajy atoppages, and changing the machine Iroiu one "benk" to 
another. 

The avvrage spec<l of pick ia from 6A to 80 blows per minute, 
and the ratu of udvauce after each blow about one inch, the 
depth of cut Iwin^ abuut i feet in the first, and 12 to 14 inches 
in the second cuttmg. This gives an average 8i>eed of traverse 
of nearly 1 fout lineal ner minute for tliia machine, when all is 
iu linit-claas order. Tlie length of this machine is 40 inches, 
and it is specially adapted to aeams of i feet thick and upwards. 
Its woitfht is abont ualf-o-ton, aad cost about j£70, wilh one 
penny per ton royalty. 

Two of these machines are aud to be at work at the Earl of 
Durbam'a Nuw Bolllc OoUioi-y; two at Uio BroomhiU Colliery^ 



Acklington, Northumberland; one at Soydle Collierjr, Pont«- 
fracl, Northumberland; and several others in Yorkshire, Iau- 
cashire, and Scotland. 

Jokes' Machine has a trunk cylinder (though this is not an 
easential part of the design) and a very simple and ingenious 
method of turning the pick to any angle from horizontal to 
vertical, and to either side, by means of a worm working into a 
wheel cost or 6tled on the rocking shaft bearing, aud thereby 
carryiug round the trunk aud whole apparatns in the deaired 
direction. The cylinder also is made to move longitudinally on 
the carriage, so an to adjust the blow of the pick to any {loint 
that may be necessary. The vajre in worked by a piston in its 
back stroke striking against a rod, which passes through tbe 
back end of the cylintler, and actuates » lever onnnect«(l with 
vnlve-spiudle, having an elastic [huI of india-rubber iutrodnoed 
in lever, to take away part of the concussion. The forward 
motion is by a band-wheel and gearing like the others. Thesa 
machin«i are at work at the lligh Royd, the Oaks, and the 
Wharuclifie Silkstone Collieries, in the neighbourhood of Bai nsley , 
Their i)erforinaiice is .said tube from 10 to 15 yards per hour, 
3 feet under, aud coat about ;£70 each, exclusive of royalty. 

CarrktV Machiae. — This is actnated by hydraulic pressure on 
a piston haviug a, sort of [luring tool attached thereto, and differs 
from the others already described in llio snbatilution of dead 
pressure for impact by percussive blows. 

Nisbbt's Machine is one of the most reoent applications for 
thia piirpoae, and differs from all others iu two points; — First, 
the pistou-rod is not coupled up direct to the vibrating lever 
actuating the pick, but to a crank-shaft, as in an onliuary engine. 
from which a second crank, with its connecting rod capable of 
adjustment an to length, ao n? to influence the pn-tition in which 
the pick will deliver ibt hluw, thos rendering it highly effective, 
seeing at the ninnient of impact tbe piston u then traveling at 
ita greatest velncity, oonsoqnently at the most effective part of its 
stiYike; 4nd this action in further ititensitied hy the momeutnm of 
a fly-wheel. The shoe : or slraiii on the working parts of this 
machine is aiid to be more equally distributed than in others of 
similar const ruction. 

The second point is the self-actiur traversing motion along the 
fitce of the working. It ia effected hy means of worm and wheel 
gear driving a pinion working into a rack on the rail; the first 
motion being taken fmra the crank shaft bv a wy|)er actiDg 
on a star-wheel capable of l>eing easily thrown out of aod 
into gear. 
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Having thus given a brief notice of these different boring and 
coal-cutliug uiachiuus, I will now return to the main Hubject — 
Mr. Low's machinery for these purposus; aud, before describing 
it, I trust I may be permitted to state whst 1 think are the 
essenlial ci>uditious of a good boring machine, derived from 
actual experience, which eonditiuua are fulfilled iu Mr. Low's 
new boiiny cylinder. These are: — 

1. That the bnriug part, or the boring cylinder with tool, 
should be OS short as {MMsible, so as to allow it to transit In any 
direction in the tuuuel, and so enalfle it to be set to bore at any 
angle, uo mutter how acute, and iu the most favourable position 
and diroclioo, so that the blast of such hole may displace the 
largest amount of debris. 

2. That the cnrriage-frame carrying such cylinder sliould allow 
the huoin to be set easily iu any position, so aa to work in any 
direction, or at any angle. 

3. That the reciprocating porta should be as few as possible, 
and no MurewH, laverx, &c., shuuld be used, as they work loose iu 
time, and in the direct line of percussion there should not be 
mora than the piston and rod. In one piece of steel, and the tool, 
which should be secured in piston so as to allow no play. 

4. That the mlvanoement of tool ahould be exactly in the aame 
ratio as tbe tool is cutting, however variable may be the nature 
of the rock. Fur iustooce, in one part of the holo the tool may 
be cutting at ^he rate of 3 inches per minute, and in another 
I inch )>er minute; so that tlie tuol should be fed forward self- 
acting, and HO keep up fur iiny of tliusc varying rattis of cutting 
tliat it may not overfeed or nuder-feeil itself, 

d. Iq order to prevent crystallisation uf the part exposed U.* 
tlie direct cnncuasiun, a cushion of air should be provided if 
possible, at the hock of cylinder, which will also relieve the 
carriage frame frooi the shocks of the blows. 

4B 
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6. The outer end of lool shoold be gaided io a bearing to com- 
pel it to go straight aa it bores, u a veia of qnartK, &c. will 
invariably cauM tbe tool to go to odo Hide, awl jam it, if not 
•rcurcd. 

7. Tliat tbt: bwl abould reciprocate with the pintou, as tlie hole 
can be easier kept free from debris than if the tool is stationary 
aud receivea blows from the piatoo, u experienced in the cose 
of We<<tiiiacott*s mnohine at A)l«ah«ids, and elwwlif^re. 

B. The carriage frame Hhoald be so canstrurt«d ihat tt cnn be 
broagbt to work again immediately after a sot of hotea have been 
blasted^ jet uf air being left open near tbe face at the time of 
•zploeion eoon dilutes and clears off the gases resulting from the 
exploeion of tlie powder — and before the debria is removed, 
which can be done whiUt the macliine is at work, being carried 
or thrown throngb the machine. This will save die time, which 
is so much kwt at Mont Ceula, removiog the debria before the 
machine can be set to work. 

9. The working )i.irta should be aa much coverefl an possible, 
to prevent wear and tear I'eaultlng from the quarta and rock 
doat. 

10. The motion for working the valve ahnnld be efleeted aa 
gently aa possible, to prevent kIiouIcs so destrncUve, and, if 
possible, a ateam-moved valve ahuuld be adoptod. 

11. The beet ayatem for rapid driving of tunoela, &e. is by 
boring holea and blasting, aa so mnch time is occupied in cutting 
either a rectaofpilar or circular trench, there being ao much 
cutting ground to ^ through; whereas if a bole is bored in a 
right direction, a single blasting will displace a large amount of 
(lebris, and the amoke will be deai'ed in a few minutes if com- 
prvaeed air is \iaed. It may be, however, found that in very soft 
>tOD^ anch aa sandstone grit, &c, Oay's machine will drive 
a tunnel as rapidly, if not quicker. 

12. A strong water jet sboald be always used to clear tbe bole 
of d'>bris, to prevent the tool from j.imniing. 

13. The atlvancing of the tool sbanld be done without any pro- 
pelling gear, such aa screws, worm, and worm wheels, ratcliets, 
levers, &o. The want of audi appliances greatly increases the 
durability of tbe machine, and for this cause it is preferred to 
dispentte with the turning (fear, and turn the tool by hand. 

I will now describe ibe first boring cylinder which Mr. Low 
oonetrucled, before the present kind, and which, with ita tool, 
la hut 4 ft. 9 in. louj;. 

The chief pecuUaritiee are. that the cylinder Is stationnry 
(onlike all others, in which the cylinder mov^g), the tool )>eiug 
telescopic, and ia propelJed from the piston (by a screw which 
goes up inside tbe piston-rod) in the progress of >K>ring, and is 
actuated by a diagonal slot Ktlnched to the cylinder by n roller 
rachct whvel. The Mcrvw, therefore, reccivea the blows ceutrally, 
thus obviating the danger of the tool leaning to either side. 
Although pixivisiou ia made that the tool travels at four dift'ei-eut 
rates proportionate to the hardness of tbe rock, this being 
zegalated by the position of tbe diagonal propelling slut, which 
can be placed with a greater or less Bln)>e, so as to actuate either 
one, two, throe, or four teeih, and thus to move the screw with 
Cool more or leas quickly, it requiret) too much atteution; and 
thta, coupled with the cr)'MinlliHntion and gruduiil loo«eoiog of 
the aerew and other parts, iuduced Mr. Low to construct nue to 
do away with scrowe nud j/earing altogether, and to propel self- 
acting, according to the rate that the tool is then cutimg,^ and 
which, I atn happy to say, Mr. Low has accomplished, and 
aocording to recent trials, granite was borctl by it ni the rate of 
14| inches in seven uiiuules, and 3 inches in fifty-five aeoondit; 
and the aversge rate at which it bores the rock at the Dublin 
Curniu'ation \Vater-works Tt'Unel, RniiudwotHJ (which is excea- 
aivcly hai'd, so much so that the minen have tuimeiinivM used 
from i-i to 36 tools to complete one hole £4 inches de4?p), com- 
peaeil of green hornblende iiiterspersp<l with white quartz veins, 
is one inch jior minute. TIip adv«noement of the tool as it bores 
requires no ntteution, and Mr. Low hna considered it beat also to 
do away with the turning m^-tioo, and effect the same by hand, 
aa the very great rapidity of the btnws i^ rather severe upon tho 
ttiruing motion. I mny livro mention that they can bnre quicker, 
and keep the otlge ou to<>l bt-tur. by Rtriking Uvh hard, nod to 
make up for not cutliug so deep, ttie blows have bet-n incrfa»cd 
from i-'iO to 600 or 6<X> biows per miunte; coDsequently, the 
result ia that they have tieen enabled to bi>re oue hole with two 
tools witboa> sharpenlutf, instead uf uaiug live or six aa fnnnerly; 
and with oue tool a hole £6 inches deep has been bored in the 
lioundwowl granite witbont sharpening. 



Tasli I. 

Oiv'tng Ut£ Rate of the tcorkino of the Xne ImproiWl Boriny Cj/timUr 
in xJu ijKCimai of (3raat(« ciJiUfiitd. 



DUtaneo borod. 



344 Inches. 



fli Inches 

II 



Tine. 



TOsb. 



rUST BOLB. 

In 55 seoouds. ... First trial. 

„ 7 minutes. ... Second „ 

„ n „ Tuiid .. 



in 11 min. 10 see. 

aSDOXO HOLB. 
in 7 minutes. ... Fointb trial 
,. 7 ,. Fifth „ 



New tool. 
KewiooL 



New tooL 
New trrnt. 



IVi Inches. 



in 14 minutes. 



tablk n. 

Triaig by Uu Cam$ dipping ottr A^otcKa, each notch. Iieituf 1^ indi 
apart, and corrttpomtiimg to ^rcry 1 \ inch btrvd. 

Chuiclng Twit. 



Tiatcbm. 



bUtJUKtt of CBCb 

Notch In liiehM. 



Xlais in faoriu ach 



First Notch. 
Second „ 
Third „ 
Ffiurth „ 
Fifth ,. 
Sixth ,, 



Rcvcnlh ,, 
Eighth „ 
Ninth ,, 



Fint Notch 
Second „ 
Third „ 
Fourth , , 
Fifth .. 
tsbtth M 



Seventh „ 
Kiffhtb „ 
Nuith „ 
Tenth „ 
EWventh., 
Twelfth „ 



riBBT BOLL 

14 iacdwa ... in 90 seconds. 
U .. - .. »0 „ 
U M - -.46 „ 
U M - ..80 .. 

H M »« „ 

U »« .. 

tuehes in 5 ntin. fifi sec. 

1( „ ... io20seooads. 

ij „ ... mM ,. 



First tooL 

New tool 



New! 



44iikQhea 



bSminlOsee. 



amvtt BOLB. 

in 90 seoonds. 

< •'• It *•• n 

... ,,100 . 

M 76 H 

... „ 66 „ 
... - 60 



9 bicbes 



fai 7 min. 36 sec. 



New tool, 

bat wae 
vary hloaL 



Loager 
tool. 



Oinobes 



in 6 min. 2S sea 



The average rate at which the machine bores the exoeasive 
hard rock at Itoundwood is one inch per minntc. 

I might also mention that a hollow tool has been tried, into 
which was inserted a water*jet, and also having the exhaust from 
the cylinder turned into it, which forced tho water at a oooaider- 
able pressure out at the point of tool in the bole. Thia waa 
found a most excellent pinn for keeping the hole clean; but in 
ODnse<iueuceof its oofflplioatit>o it wait abandoned for a separate 
water-jet. 

New Borivo Ctlimdrr (Plate 21}— This rosohine is represented 
in the several jvirtly sectional Figs. Nos. 1 to 8, where Kig. 1 and 
2 show the cylinder and Iwring arrangement; Fig. 3, the motion 
for turning the baring tool: Fig. 4, a section of the disc valve, 
taken on the lino A B, Fig. I and 2; tig. 6, aoctjons taken at 
C D and E F; Fig. 6, sectinim at O H and J K; Fig. 7, sections at 
L M and N O; and Fig. 8, sections at P Q and R S. 

It is only 4 ft. 9 in. Inuc, and the working cylinder, cosstructod 
of brass. A, is placed inside another cylinder of wri>ught-iron B, 
in which it ia free to move from one end to another, and also to 
rotate. The back end of the cylinder A, is packed with india- 
rubber, metallic, or other suitable rings C, ao as to be air or 
steam tight The £k<ont end fits Into a wrought-iron cross-head 
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D, to which it U {ne to revnlve. This crro6»-bead ia slotted on 
PVach side to fit into two atide-bani E R, cnrrieil from cylinder to 
f«ud beariDg of machine, aloog which it slidca an t)i« cylinder A 
ta moTod aloog iogide the cyliiitler B to the prowss of boring. Tho 
■idea of the above-named ciYM»-lieail 1), where it Qts into the 
alide-ban, E E, ia projeot«d in frout ou each side of the slide- 
ban E E, betwMD which ia placed two caio-bani, F F, partly 
Csrkrd on Moh edge of alida-hars. The other end of the said 
OUB-ban h" F, nata in ootchea G CJ, cnt at ioterrals of 1^ inches 
Crom each other on the inner side of tho alido-b&rs E E, and are 
oonstantly kept pressed agaiust the bottom of tho said notches 
by two spiral spring)! of sieel wire II H. The other end of the 
LouD-bars F P, which work on centres 1 1, are bo carved townrJa 
P«ftah other at L, that the end of piatom-nid may strike them at 
the proper time. The operation may than bo Axplaineih — The 
air, steam, or other motive flntd is admitted by the pipe K — 
which leads from one of tho trunnions — into the wronght-iron 
ovliader B, behind the back end of the working cylinder A, nud 
tnns keeps it pressed outwards against the croau-head I>, vhioh 
M kept iu its plaoa or from going forward by the two cani-hars 
F F, «aoh of which rests against one of tho notches O O in tbc 
slidebara. It will thus be seen that when the tool has advanced 
1^ inches into the hole, tho end of pi8tou-ro<l (the end of which 
ia allowed to go J^" beyond its limit) comes into contact with tho 
cams or curved end of cam-lnrs F F, at L, and thus causes them 
to slip over the nutch into the next, and this ia repeated for every 
li inch bored till the end notch is reached. This will allow the 
tool to advance at whatever rate it ia catting, 1,0., when the tool 
eota rapidly, the cams wiU slip from one to another rapidly; 
whilst, when the tool cuts slowly, the cams will be so much 
longer in slipping from one notch to another. 

On tho two cam bars FF, are two diagonal wedges, MM, 
vhich are preaseil forward by spiral sprini^a bt-twoen the teeth 
of slide bars and cam bars. This in to steady the cam bars, and 
keep thorn in the positions to which they are raised by the end 
of pislon-rod at each bluw, and prevent the apiml springs HH, 
frtim pulling the cams to the bottom of the notches. When the 
cam barn slip over, the ends of the diagonal wedges come against 
the next toeth of notchKi, and are pi«8sed book into tbeir uor- 
mal poMiions again. 

Tha eroaa-head H is provided with two copper breaks N N, 
pveamd upon the aide of slide-bam by a powerfnl apird spring 
rfgulated by a screw tittetl with douhle handles O U, for tho 
purpose of enabhug the break to be regulated by hand. This ia 
to prevent the cylinder with cross-head and cam-bars from B!ip- 
ping too vi'.leuily from one notch to another. The above donble 
handles O O, serve also to pull back the whole by hand vbeo 
iMoessary to change the tool. 

The chamber into which the air is admitted into the iron 
cylinder B, and behind the cylinder A, serves to contain a por- 
Liou of air to act as a cushion to prevent crystallisation of the 
parts exposed to the direct concuwion of the blows, and also to 
relieve such shocks upon the carriage generally. 

At the back end nf working cylinder A, is the circnlar valve 
P, with six or more inlet ports and six or more exhaust ports. 
This valve is turned by a double spiral cam (^, which is carried 
isto end of piston and rod, in which arc four rollers RKRH, 
which bear on both sides of the spital wings of the cams Q. 
These aptrnl wings are so sloped that upon the reciprocation of 
the piston it is gently turned or twialed, and with it the valve tu 
which it is connected. The slopes on spiral winga of the cam Q 
are so placed as to cause tho valve P to open the inlet ports, to 
admit air to act upon the large area of piston, and to allow it to 
oxhauat again after the piston has struck a blow, when it will 
return, by a constant pressure upon the email area maintained, 
through the two ports XX, and rict vertJ. 

The piattin is prex'ented from turning in the cylinder by means 
of two flata, plauetl 00 each, which fit into corresponding flats on 
the bush and stuffing glanda of cylinder. The rotary motion of 
cylinder A, with pist^in and tool, is effected by a square bar S, 
working insidu the cam or spirid bar Q, which receives the same 
tarn at each stn^ke of piston as the valve. On the end of the 
Bqoare bar, outside the end of cylimliT B, through which it is 
ouried, is a donble lever T, at each end of which are two pawls, 
working into a ratchet wheel V, on end of shaft V, and are so 
arranged as to give a continuous motion to the same. This 
shaft V, is provided with a square part, on which ia a brass 
pinion wheel W, which works into a geared portion of working 
cylinder A at Y, and so caoacs it to rotate with tho piston and 



tool by the ratchet U aforesaid. On end of ahafl: V, the bran 
pinion slides along the mnare part of ahaft V, aa the cylinder A 
advances by the cams FF, slipping over the notches. 

It is however preferred, as aforesaid, to turn the shaft V, by 
band, either by means of a hantUwheel and mitre-wheel working 
into a mitre-wheel on shaft V, or by double levers with pawls, 
civing a continuous motion to tho two ratchet-wheels on shaft 
v. At the end of the two altde-bars EE, are two screws with 
steel points ZZ, for the purpose of steadying the end of machine 
against the rock. The end of tfa« toot is steadied in a bearing 
JJ, across the end of the two slide-bant, in onler tn compel the 
tool to bore straight, and it ia so arranged that upon turning the 
lever C. the top bearing or atep can be easily lifted out when the 
tool requires ebaogiog. 

(T9 be contmued.) 



PIlErKNTION OF RAILWAY ACCIDEIfrS. 

Thr class of railway accidents that are caused by negligence 
or malice seem more fearful than those that occur in consequence 
of defects in mechanism or from badly-arranged aigaals, because 
they are more removed from control, and may happen though 
every ordinary precaution is taken to prevent tbem. The acci- 
dent at Stiipleliunit was one of that kind. The South Eastern 
Railway has enjoyed the reputation of being safer than any other. 
It was oD that line that, In the early days of the electric telegraph, 
the ocimpany avidlml themselvea of the invention by forming a 
complete system of telegraphs from station to station, the entire 
management of which they took into their own hands, for the 
purpoee of avoiding any interference with tbeir railway sigtiala. 
It was tho practice not to allow any train to start from ons 
station until a sigoal hail lieeu received from the next, indicating 
that the line was clear, and active t4>Irgraphic communlcalioa was 
constantly maiutaine<l to avoid collision and to give notice when 
any obstruction was ou tlic lines. Even these precautions have 
not always proved eufiicient to prevent ooUislons, of which there 
was an inataitcs, some time before the accident at Stapleburfit, 
when ODD train ran into part of the preceding one, that had 
become detached by tho breaking of a coupling chain. 
Defect in the meclmnium and negligence combined to pro- 
duce that disaster, which showed that no system of sta- 
tionary signals ia sntficieot vo injure the safety of railway 
travelling. Each train, aud every caiTiage of a train, ought, us 
far as possible, to be provided with the means of self-protection. 
The instant that danger is perooived, those in charge of the train 
abould be able to slacken speed or briug it to rest within the 
lenbt pusaible time that it can be done without audden shock. 
The passengers in every carriage ought to have the means of 
signulliug to the guard or engine-driver the occnrrence of any 
iuctdcnl that may occasion damage either to themselves indivi- 
dually, or to the carriage iu which they are shnt up. Tliat cbey 
should he allowed the power of escape seems to bo generally 
admitted by all but railway otHcials, and until the plan be adopted 
— which there are several ooatrivancea to carry into elfecl — of 
simoltaneouAjy putting breaks on to the wheels of every carriage, 
each one ought to be provided with thfc separate means of check- 
ing sp6e<l, under the control of the passengers. We place not 
the least value ou the objections raised to giving power to 
piUiSeugers to act in self-de&noe, on the ground that toe power 
might be abused either wantmily,ignonintIy, or foolishly. Punish- 
tneiita atJetjuHtelyseveru would soon put a stop to inoouvenienoes 
that might arise from the ill-judged or wanton action of indi- 
viduals, and nothing ought to be left undone that can add to the 
security of railway travelling. 

But DO precaution withiu the range of mechanical arrango- 
ment would have provunted such an accident as that at Staple- 
hurst. It is in the power of any man to upset a railway train, 
if, regurdleas of all oonseqneuoes to himself^ he wilfully removes 
oue of the rails when a train is about to approa^. A system of 
supervitiion so close as to prevent the possibility of such a 
malicious act can scarcely be attainable, and even if it were 
established, what security would there be against the possibility 
of one nt the iusppotorsappointwl to wntch the line being himself 
the otfirfldsr f When men cnifiloyed by the comjwiny to repur 
the line, lake up the rails ut the time a train is due, what 
reliance can be placed on a system of supervision to prevent 
others from doing tlte same / We believe that the real aud 
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moHt effpctoKl means of preveotion ii the emnlovnient of 
ajjeuts of X HUperior cIuhh, well acqnaiuted with tht* Jutiea to 
oe performed, and fidly ciware of the reaiKiuailjilily of their 
pofdtioofl, ami adequately reniUDcrnted. It waa well observed 
bj Mr. fxlwiD Ciindwick, iu a leclui-e rec«Dtly delivered at 
the Koral lastitotioD, on tlie wnge-claBses in Kngtand, that 
tiie highly respotiaibU aituatious which have been created hy 
the progress of iDveotioo, oagbt to be filled by idcd of a higher 
grade iu society than those to whom they are uovt entrusted; 
or rather, that the situations should be elevated In social estima- 
tiuD, BO as to induce educated geotleruen to becotne candidates 
for tliem. Tho progrei^ of improvement iu all klods of mauu- 
faoturiog industry has boon more rapid than tho progress of 
(xlucatioii ; and we are in the pneitinn of re^uirio^ a large 
amount of itkilled labour of the highest kind, inToIving in its 
exercise great respoustbility, and without having a class of men 
properly educated for doing the wurk. Those are placed in 
positions, in which the lives of hundreds of persons may depend 
on the proper discharge of the duties to be perfonned, who are 
in the socuri scale not, placul above ordinary labourers. This 
ought not to lie The payment of higher salaries might do mach 
t4) remeily the evit, by inducing those who have beeu educated 
with a higher seuse uf moral respousthility, and who rank as 
gentlemen, to undertake such work. The railway companiea 
would, AS a mere question of economy, fiud it to their advajitage 
to raise the social estimation of the officers they employ, so as to 
be able to engage men who are more trastworthy and who are 
fitted to 'lischnrgo the onerous duties imposed on them. It is 
to such au iuiprovotucnt iu the character of the nlnffof railway 
officials, that wc must took fur the avoidance iu future of accidents 
similar t<i that nt Staplehurtit. 

The other accident of a similar kind, that hiipji4>ne(l to an 
excursion train near Shrewsbury, was attributalile rather to the 
careluAsness of tlie engine-driver and to the hazardous incidents 
that will occur to trains that run at irregular times, than to 
neallgenoe of the plate-layers. The greater part of the daniaj^o 
ana toas of life, on that occasion, might have been averted by 
the ad'iption r-f a contrivance that may be secu at the I'olytech- 
uii; histiiutioD, by which an engine that runs off the iiiila 
b^'coraes immediately detached from the train of carriages, which 
nro oouacquoutly not dragged after it to destruction. 



BOSHAM CHURCH, NEAil CHICHESTEa 

To the historian and the archwolugist, the village of Bosham* 
situated a few mile^ to the westward of the city of Chicbeflter^ 
is n place of considerable interest It wus a place of some im- 
portance iu the esrliest times of which we have record, and is 
moro than onoe mentioned in the old Snxon chronicles. The 
Saxon kings lived here, and tlie remains of an old forest still 
passes by the imrae uf Old-park. Canute's daughter was burie<l 
in Boshani Church; and it is most probable, that if the story uf 
r-'annle's lecturing his courtiers on the sea^nhore be true, the 
iucident took place here mther than at Southampton. This 
w»M the first place upon the Soaaei coast in which Christianity 
was taught, fur when Wilfred landed at Selsey, about the year 
(IMO, he found a poor monastery already existing at Boshnm. 
It was from this place that Harold started when he visited 
Normandy; and Bo«tbam Church makes a conspicuous feature 
near the commencement of tho Baycox tapestry. It had lung 
been acknowledged that tho tower of Bo«bam Church wm a 
Saxon work, and that it was the highest lower built at that 
period in the kingdom; recent discoveries show that there is a 
great deal of uudoubLeil Sjtxuu work in other pans uf the build- 
ing. An effort was made, some little time sini-e, to restore 
the church, as by the neglect of agea it had beeu allowed to 
fall into a sute of ofimparative dilapidation. The f^clesiastical 
t 'ommiasioners promised to restore the chancel if the other parta 
of the edifice were put into a proper slate by the parish, aided 
by such snbflcrtplions as could be obtcined. The restoration 
of the chancel was acoordiugly carried out under Mr. Christian, 
architect, of Loudon. 

The timber mof of the nave and aiales was in a bad condition; 
it was therefore tuken down and repUced by a new one, which 
has of course been carried up to ita original pitch, the one it 
replaces having been much lnwer. Iu duiug thin sume Hnxon 
wimlows were disoovered on the east (iKCt of the tower, and they 



have been opened. The pbiatering and whitewash with which 
the walls of tbe church bad been defaced have been cleared away, 
and it is evident that the stonework of tbe nave above tbe lower 
arches is of Saxon date, as are the clerestory windows which 
have been discovered on tbe north side. At the angles immense 
blocks uf stone are used, in the manner known as " long and 
short work :" the other parta are built of small stones. There is 
some herring-ltone work, and many Roman tiles are built into 
the walls. There must have been several chapels within the 
building, the aumbreys, piadtuia. hrarkuiH, &e., having been 
brought to light in tho course of the work. At the east end of 
tbe north aisle a pillar piscina was discovered. The drain con- 
nected with it w;i8 found to be choked up, and in clearing it out 
an old and rusty knife waa found, and beyond that three limaJl 
ailver coins, one of them of the date uf Edward L At tbe west 
end of this aisle, the lower jaw of a very old person and one or two 
other mouldering fragmenta of bone, were found hidden in n 
cavity in the waJt. There is a small crypt, several inlere»>ling 
monuments, a Saxon font, a very uld chest, some good cnrveU 
woodwui'k, and other things of iutereat about this church. The 
work of rcatoration is stiU going on, under the management of 
the vicar, the Rev. U. iMitcholl, V.S.A., and tbe committee. 



CHUECH OF THE RESUBBECTION (ANGLICAN), 

BBITSSELS. 

( With £ngravMffa.) 

Tue increasing number of English residents in Brussels, aoil' 
wpecially of the congit-gatiou, members of the En^tish Church, 
using the chapel of the Museum, Place Boyale, has long since 
rendered it necessary to seek a better location. The enormous 
price of loud in the vicinity of the (juarticrs Leopold and Ixtuisc^ 
in which it was necessary to erect any new church ultimaU'ly 
decided upon, for a long time baffled all hopea of success. la 
tbe autumn of 18(1.1, however, a site fortunately presented itself, 
b«ing a large garden in the Rui? dea Drapicrs, Boulevard de 
Waterloo, and which was at once pnrchaaed bv the committee; 
the frontage was tdlolted into building plots, ami the rear retained 
for the »ite of the cliurch; thus reducing the cost of the land. 
The site stands north and south, aud conse^juently the ritual east 
end is due south. A new boulevard is in contemplation ro the 
west side <if the church, which will greatly enhance the value of 
the posttiun, and exhibit that portion of the church sbowD in tbe 
view. 

The church is being built of tlie Boom bricks, made near AdW 
wcrp: they am sruall in size, being 74 inches long, 3^ wide, 

2 inches thick, and are gcnerailv used in all works at Brusse' 

Tbe exUTnul fuce of walla, including all door and window jamb^j 
and arcliea, will bo likewise forme<l in the aame material, 
which is of a warm rod colour. 

'Hie stone for all purposes will be that known as"Vergolct en" 
and "Banc Royale St. Waast," from tbe celebrated quarries at 
Criel, Olse, France, and it is intended to use the native red Luxem- 
bourg marble wherever practicable. The roof wUI be framed ia 
Memel limber, imd covered with very small and pretty local 
slates (10 hy 6) of a warm green colour. 

The plain liices of walls alone will bv plaateretl iutematly, 
everything else being fonntnl iu »tnno. It is hoped to be able to 
psve the entira area with Minton's tiles, nnd to have low move- 
able lienches in the nave only, chairs being used elsewhsre. 

The dimensions of the church, in Belgian measure, are u 
follows: — nave, 2310 by 9*46 metres; nortli and south aialea, 
S2ly by 2 1*>; chancel, 852 by 7'90; tower, 4*21 by 4-31, inters 
nally. The height of aisle walla is 4'56, and of clerestory wnlli 
fniui nave floor li'50; the height of ridge of nave roof is 19*76; 
and uf chancel ditto, l(j't^4. The tower and fpire above lower 
slAge will be omitted for the presetil, an at.io tho aide porch. 

The use of polycbionie incised Btonework aud painted glass 
will Itt^ de(>endt^nt upon spcciJil dountiumi. It is desired, by sU 
concerned to render this church a patleru of an Englith church, 
where our countrymen, who are expatriated for a time, for edu- 
cational or other purp-sea, may enjoy the service* of the church 
of their fatherland the same aa at home — a comfort seldom, 
enjoyed abroad. 

Tiie architect of the church, and under whose su peri n ten den oe 
it is now beiug erected, is Mr. R J. Withers, of Ito ugh ty- street, 
London. 
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THE WEAR AXD TEAR OF STEAM BOILERS.* 
By Frbdebick Arthcr Paobt, C.E. 

Thsrk ii^ hoveror, another very imporuiit point with respect 
to wrought-iroD, vhieh has scnrcclj recRlvM the att«ntioD it 
deeenrps. As would appear fruia a number of pheDomeoa, there 
seema to be m sort of thermal elaatic limit with iron. Wbea 
beateU, nrnl when iu cousequeut ililaUktion of volume dues Dot 
exceed that which correapouds to (perhaps) boiliog poiott it 
returns to its original dimeasiona. Beyond a certain temperature 
it doee not contract axaiu to ita pristine volume, but takea a 

Esrmaoent dilatation, lo oonsequvuca^ appareutly, of its elastic 
mits having been exceeded. A number of obeerverst bnve 
i1otermine<I the fiiet with cadt-troti, au4 tliuu^h wrought-iroo has 
not been expretMlv investigated in iliitt direction, there ia no 
doubt that it exliibita a similar behaviour. Thusj a number of 
years ago.t an Austrian engineer, named C. Kohn, remarked 
that a boiier about 12 metres long and I'A? in diameter, with & 
thickness of plate of 001 1, permanently expaudcd, at a temporm- 
tore corresponding lo a stoiim pressure of five atmoaphereai 
(153° C.) by 0-07193, and did not, when cold, raturn to iU 
original diucusious. The same thing ha« been noticed, by means 
of very accurate meoeurementfl, with other boilers. A number 
of eiperimenta by Lieut.-Col. II, Clerk, of Woolwich, on wrooght- 
iroD cylinders and plates,§ beardislinctevidencetondilatatton of 
volume in wrouglit-iruu, when r^peotedly heated and auddenly 
cooled. In experiment 7, for inataoce, " two flat pieces of 
WToaght'iron, each \i inches long, 6 inches deep, ami; an inch 
thick, were heatwl and cooled twenty time«, one hieing imiuerseil 
to h\lf, and the other to two-thirds, tla depth in wati^r. That 
immeracd uno-half contracted or became iudented on the cude 
fiilly '^inch; the other had similar indentations, but only to one- 
half the amount. They both tnroe<l itp into the firm of an arc, 
the convex side of which ap[>eared in the portion heated and 
cooled. Utifurtunately, the spccitic gravities of the diS'erent 
portioDS were not tried by Colonel Clerk. A succesaion of triola 
of the kind ptXKluced cracks iu the metal, thus explaoing bow 
boiler pUteu are cracked by imperfect cireulnliao aud by cold 
feed-water let in near the fire; and, the thicker the plate, the 
mon? permanent dilatation of volume and consequent dinger. 
Mr. Kirkaldy found Liiat, *' iron highly healed and auiidt-nly 
cooled in water, in hardened," being injured, iu fact, if not after- 
wards hammered or rolltnl. This permanent dilatAtiou of volume 
must bo neccfisarily accompanied with a diminution of specitio 
ffravity, thus atfording another oloee analogy between straining 
iron by loads in exceffs of the mt*chai)ical elastic limits, and 
■trainiMg by heat Ijnjerhvlmjl fuuud long .-ijjo that the aiiecillc 
gravity of iron is dimiaished bv strainu in excess of the limit of 
elutioity, and this result has been uompletely confirmed by Mr. 
Kirkaldy'a numerous experinientn. The siuith calls iron "burnt" 
which has been rendered brittle in working thruagh the often 
repeated applicatinns of heat, or through too high a temperature. 
Iron rendered brittle by strains in excess uf the limit of eliuticity 
bM been long popularly terme<l "cryatalii«ed." Both those 
itatas are acocm[)anied with a Uilat itii^ti of volume and 
attendant hardness and brittleneaa, aud both seem to be refer- 
able to very nimitar canses. In foot^ a very general belief 
exifta thtii v»ry ductile good iron, used in the form of a steam 
boiler, itoon geto brittle. There are some upplicatimjs of metoj 
to n at^nra boiler peculiarly liable to lie strained beyoud the 
limits of eljjticity, by mecnanioU force of expaiisinn and con- 
traction, and by dilatation of volume through heat — all three 
aeting aimultaneoufily. Such ia the case u'iih fire-box atay-bolta. 
AccordiQ;|[Iy, they are found to get very brittle when of wrought- 
iron, which is a much less ductile meCal than copper. Mr. Z. 
Colbum states that he has " frequently found theae- et-iys 
(where made of wrought-iron} to be as brittle, after a few year's 
uae, aa ooaree cast-iron." He has " broken ihem olT from the 
sides of old fire-boxes, sometimes with a blow uo bai-der than 
wonld be required to break a peach-6tone."1T 

The Chkmical Ei^rBc-rs op thk iRCANDKscmiT Ft7Bt, 
Whatever phyaieal changes may bo induce<l in iron by the 
long continuance of a high temperature which ia not succeeiled 
' the application of the im|)act of the hammer or the pressure 

rantisved fron bm< 1H, 
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of the rolls, it is certain that long-continued red heat leads to 
the loss of its metallic constitteacy. Ita surface gets converted to 
a greater or leas depth into forge scales, which, acconliog to 
Bertliier, oooaist of a cryatallised compound of peroxide and pro- 
toxide of iron. The mocbaoicnl action of the gases — aud espe- 
cially of the free oxygen contained in every fljune — forced at a 
high velocity by the draught past the more or lees heated platea, 
wuutd also aid these chemical combinations— upon the same 
principle aa iron tilings, thrown through a gas flame, burn in the 
nir; and upon the aame mechnnicat principle as the incandeecent 
lime ia worn away by the flame of the oxyhydrogen blow-pipe. 
These actions would take place with any fuel, even with pure 
charcoal. But when mineral fuel, which mostly contains more 
or less iron pyrites, is used, there is much more danger to the 
platea, especially over the fire, in getting red hot, as the flamee 
would then hold sulphurous acid, and often vohiiilificd sulphur. 
A familiar illuatrHtlon of an action of this kind is ntl'ordcd by the 
fact that a piece of red-hot iron plate can be easily bored through 
by means of a stick of sulphur, the combination forming sulphide 
ofirou. Dr. Schafhaeutl^ of Munich, haa given great attention 
to the changes iu plnte.t subjected to tin; notion of fire; twenty- 
five yeara ago he read a paiwr before the Inatltutioo of Wvil 
Eogineere,* and more recently he has published an esaay, both 
on this subject, in a Munich periodlcal.t He has brought 
forward a number of fade, fouiuled on cheniiad aoalyses of plates 
of exploded boilera, showiug the danger, due to chemical acUon 
alone, when the plates of a boiler become red hot. He notices 
that the iron of the inside of the plates; iu getting red-hot, 
decomposes the water, and combines with the oxygen thus freed. 
It also loses some of it« carbon. The outaide coinbines with the 
free oxygen aud with any sulphurous ucid in the flame. He 
states that iron made M-ieh pit coat is much more affected than 
ohnrconl-made iron; becoming himinated at the original joints iu 
tliH pile out of which the pUte haa beeu rolled. It is possible 
that portions of oxide are carried into these joints, aud it ia at 
any rate certain that iron gives way easiest at these places. 
This points to the great value of really homugeDOOus plates, saoh 
aa those of cant st^el, in which houtogsueity haa been obtained 
br the only known means of fusion. The remoi-kable dimtnntiou 
of elasticity and of tenacity caused by the combination of the red- 
hot iron with sulphur: the absence of all elasticity aud tenacity 
iu the oxides of iron, show that, even if a flue do not at once 
collapse, or a shell explode, through getting red-hot, the boiler is 
more or less injured every lime it gets overheated. A defective 
circulation, by permitting such a temperature as to drive the 
wftter off the plate, wuuld soon lead to loual injury. Particular 
spot4 iu exteriially (\xvd cylindrical builers are sometlmea, aa is 
stated by Mr. L. Fletcher, of Manchester, thus affected, and id 
au apparently mysterious way. A new boiler, in which a heap 
of raga were aecideiitjilly forgotten, luu) the Hpot hurot out in a 
few daya,X doubtless through the resulting defective clrcuUtion 
aud its cuusequeoces. The plates just above the fire of internal 
flues also anffer in this manner. It 14 {>erhape poesible tliat 
turned j<;intt:, secured by bolts, and allowing an oocaaioual re- 
Vdrsing, or rather rotating of the ring, might, iu some cases, be 
here of service. At any rate, universal exjwrionce proves that 
the thicker the plate the eaaier dues it get red-hot; and these chem- 
ical facta also point to the desirability of a minimum nf thickneaa. 
In fact, the wearing away of the plates through these causes, if 
mechanically Htrotig agiiinst pressure, often gets arrested nta cer- 
tain thickness. Iu (lennany and France, some of the beet 
manufaciurers still ni'ike the plates over the fire of, for instance, 
inaidetlaes, slightly thicker than anywhere else; but the combined 
chemical and mechanicid actions of the heated fuel cause most 
wear and tear in a thick plate, and thus justify American 
practice in this re*pe*'t. In that country, fire-box plates of good 
charcoal iron are made only A or^ of an inch thick; and, with 
stays 4 inches apart, give good result* under nearly 150 lb. steam 
pressure. 

TuE Chemical inn PawicoCnKMicAL ErrBcTs or the rB«D 
WATsa. 
The wear and tear of a boiler* wIiEoh occurs in the form of 
corrosion, properly so-called, may be divided into two principal 
kinds — 1. internal; and t, external. The progress of both is 
necessarily intensified by the mere effects of temfierature; each, 

* TrUMcUoMorUalaitUnlimi nfCi'U Eitgia«n. Vol. Ul. IMO; p. 4U. 
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however, haa its stronglf-nutrkeH diatinct ehArftct«r-^)ot merely 
AS to pMttion, biH alao ns to origin add resalu. 

A steam boiler in io the poflitiou of a vessel into which large 
Toloiiies of water ftro coDliuaally foroed; while the heat appliM. 
diivii^E off all volatiliBable matter, leaves behind a ooaceotrated 
Bolatiao with a chemical cliaracter depemleut on that of uiifol&- 
tilieablo matters in tlic food water. The specific gravity of the 
Bubstaoces fonod in the water naturally caases them to bIdIc 
towanis the bottom, at which pnrt the tinintioii is geuemlly more 
Concoutratett, however tiiucb it may bo stirred up by Hit ebulli- 
tioD. Mr. J. R Nnpier InLely stated that a piece of zinc, " about 
4 feet loug, by 3 iocbes broad, by 3-16tbs thick, placed iu a 
inariue boijor for tliree weeks,'' to a depth of 18 iuch«e id the 
water, showed a corroBion which rapidly decreased up to the 
highest pnrt, which, in the stenm, app.'ared to be little atTecte<l.*' 
This aocounis fur the fact that all b<iilers, even thoee iuternally 
fired, like loooniotlre boilers, linvo theU- plates most AfTected 
towards the bottom, and that internal corrofitoti always showa 
itself to a groator extont belnw tlic water line. The houiiteur 
of the form of boiler known as the French boiler, is also generally 
more afTecte<l th.in any oth^r part. To resist this sort of alow 
action, it is clear ihat the more the bulk of mt:lnl the l>ctter, and 
it is for this ronsoa that the bottom plates of most marine boilen 
are made tbicver, while these same plates in locomotive boilers 
have to be often reuewe>I. Any cheitiical nr phyaicO'Chemical 
action of the kind la of course intensifleil by temperature, and 
this is one of the causes why exterually fired boiUrs give way 
meet a little in front of tlie furnace. Bat the plates above the 
water-line also get more or lees corroded, and not merely with 
the usual character of rusting, bnt in that peculiar form kqowd 
as pitting, which geticrally shows itaelf much more strongly 
marked below the waterdine. 

The presence of a concentrated solution of an add or alkaline 
(^racter, kept at a high tomperaiure for years in contact with 
iron plntns, would be sufficient to account for much corrosion. 
But tho internal corroeioa of ateam boilers has many features of 
such a my»terioux i^hnracter, that no accreilited explanation of 
its attendant pheuoiuena lias yet l)een put forward. In tbe Hrst 
plaoe, plntc^ thus ntlacktHi show a number of irregtiUr holes, like 
a pock-marked hamau face, or like the small craters seen on lite 

Fte. i. 



Tlis Intensl Hirikiw «r a uUt« ol ta old wroagbt-irna boDer, rbo^og, CDe-qiiuier of 
lb« bta ilM, Uw grdlswy appau»ac« of piltlu|. 

moon's surface. (See Fig. 4.) The writer haa also Bometimes 
otMsrvsd two or three little irregular excavutious like thia in a 
plate otherwiae showing a large surface quite intact. Sometimes 
the plate is most jiitted round a projecting bolt; at others, one 
plate will be perfectly Huund, while that rivetted to it will be 
almoAt eaten awjiy, both having been tbe aaroe time at work, and 
under, of courw?, ftppareutlr similar conditions. With locomo- 
tive boilers this pitting h.as been ascribed to galvanic action 
between the brass tubes and the Iron plates. But it is oofcori- 

* liwUntMB uf Kagioevn in SroUwiil, ScAdoo IBM— 9. 



oualy well-koown to locomotive soperinteDdeoti, that lioiletttj 
with iron tubes are often worse pitted than thoee which have nil _ 
the same distance with brass tubes. Btwitles, all iron boilers, 
with or without brass, whether used for etatiouaiy, locomotive, 
or marine purposes, are subject to pitting. 

An explaoation which seems to meet all the eiroumstanoes of 
the case is the following: — Mr. Mallet, in a report addreased to 
the British Asaociatioa some years ago, showed that wrought- 
iron and steel [blister steel probably) cooeiat of two or more 
ditftircut chemical oompoanda, colieront and interlaced, of which 
one is olrotro negative to the other. In fact ordinary wrought- 
iroo, beingalso weHcdup from differently worked scrap, is far froa^y 
being ao electn>-homngeiieous body. In a boiler, the hot watov 
more or IfM aiiurated with chemical compounds, is the exoitiDf 
liquid, and tlie electro-posit ire portions of the plates are thai! 
quickly removed to a greater or less duptb, Tliis explanatioaj 
meets m<«nt of the known drcamatances with respect to pittintff] 
it even, in a great measure, explains how plates above the levw ' 
of the water, especially in marine boilers, get very rapidly cor- 
roded in portions, while another part of perhaps tbv anine plate 
is scarcely affected. The concentrate'] water in a marine boiler, 
is known to be frenorally acid. "Of alt the salts contained iu 
aea-vater," says Faraday,* "the chloride of maguemum is that 
which acta most powerAiUy " on the plates. He showa that a 
cubic foot of sca-watcr contains 3'^^ o£. nf this salt; and at the 
same time, points to tbe danger of voltaic action in a boiler 
through the contact of coppsr and iron. In a smaller degree, the 
contact of cast with wroagbt iron, or between the different 
makes of wronghtiron in the same plate, or between coutigaon 
nlnteis acts in the same way. It is not improbable that som ^ 
hydrochloric acid is present in the ateam of marine bmlen^ 
iAr. J. C. Kortitait has tested some of the ci>ndenaed steam from 
tho safety-valve casing, and from the cvlinder-jacket, of ths 
Lanoa6etd, and foand both decidedly acid.^'I With an exciting 
liquid in tbe condensed ateam, it ia thus explicable how thtt^ 
plaii^fl of marine boilers often geteorrod&l in a most oaprioioul 
manner; while, at the same time, the current of steam woalflS 
create s certain amount of friction on the oxide, clearing it awaj 
to act on a fresh sorfoce. 

The crucial test of this explanation of pitting would be th*i 
olMervAtioa of the absence of the phenomenon from plates of an 
electro- homogeucoua character. This homogeneity could only 
be expected from fuaed metal, such as cast-aieeL AccordUnglj, 
while the writer was iu Vienna a short time a^fo, he wss assured 
bv Mr. Haawell, the maUA(rer of the Staat^bahn IxKomoUve 
Works, that some locomotives made of cast-steel plates iu 18fi^^ 
for the Austrian Staatsbahn, had been working ever aiuce with«^ 
out showing signa of pitting, thongh under similar e>indiltona 
iron plates had severely autfered in this way. Pitting may thus 
be fairly de6ned a» a form of corrosion lomlised lo panicular^ 
spots by voltaic action. It in also pruUibly aggravated throoglkl 
the motion of the plate by meohaiiii'id action, and the expansionsl 
and contractions through altcmutiouB nf tempe*aturtf. All boilsral 
are most pitted near the iiilft for tbe feed wsier, and witJi inaids' 
cylinder locomotive boilers there is generally more pitting at the 
amoke-bfjx end — no doubt caused by the mure or leas racking 
action on these plates. A sUle of corrosion at particnl.ir apota* 
would probably bt* kept up to a greater intenaity by the incm»>d 
tatiou being mechanically thrown off. With a quicker vultaiol 
action, cauaed by any anuaual intensity of tho exciting liquid* j 
the aides of the cavities in the plates wonid be sharper and lei " 
rounded off; as in the ease of the boiler fed with mineral wat 
from ironstone workings, which exploded last year at Aberaman, 
South Wales. ^See ffg. 5.) 

The fact that pitting turcnrs in marine boiierr when dtstilled 
water from sorfiice condunacra ia used, docs not affect this 
explanation. Water diatilleit in this way, from whatever cause, 
after repeated boiling, is stated t«i carry the aalinoraeter even 
higher than Bca-«Titer, thus pniving that it is nut pure.§ In tbe 
next, there ia the absence of incni«t.i.tioii, which tn some extont 
always protects the plates of boilers from the chemical action of 

• Pink Report of the Cammltt«i of ih» Hoii»e otOommoM oaaeanUaf Um Bttj- 
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its coDt«Dtfl. Id this way the mechnnical buokling of tho pl&tn 
— diiwjtly and indirectly causinff the furruw* we have spoken of— 
by coatinuaUr clearing particular Hnea of tinrface from incruRta- 
tion and oriJe, reduoei theae particular spoLa, with r«ii|>ect to 
oorroeioD, to the ootidltioD of the platen of a boiler fed with water 
which depoaita no incnutatiou. Corrosion will alao act more 
r:o. s. 



FnB ft pbc^inph of (or&tce of cottMM |-Uti cit Tr-m noi i^ tba tru builsn tlul 
«Zplodwt 00 WeilB«*(U;. robnurr r.lb. ltl(;4. ».t Abnrvniui Inn VVnrk/>, Aberdaiv. 
The emadaa «■■ iDtviBol, u4 in Bam« Mru Uie plate wu noi man Uuu DD«-«lffbth 
tUek. TtticiflOB ptnofu von kilLtct; utd nuar otfaen MjtotiiOjr liyand. 

npidlyat afnrrow tbrougb mere iucre&aeand renewal of xurface. 
To reaiat that furni of iolernnl corrosion specially known under 
tbe name of pilLiog, a uiaximum of stectro-homogeneity ia 
eviijeutly rwjuired in all the componont parts of the boUer. 

While tbw action of internal corroaion, often Tery equally 
corrogating the plates over a large surface, as a rule scarcely, at 
any rate only gradnally, affects their mechaoitsil strength, exter- 
na] corrosion, being localised to particular upots, in of a much 
more dangerous dmracter. The one is gradual and easily per- 
oaptible, while the other Is rapid aud inaidious in ita progreaa. 
Apart from accidental circani8t»nce» affecting the briokworic on 
wiiicb a BUtioQiu-y boiler is erecteii, or the outside of the botr 
toms of marine boilers, it is clefur that external corrosion can 
only occur thruugh leakngp. When leakage takes place through 
ft crack in the plate causvtl by mechaniiml action^ or at a hole 
bunt out by beat, the effects of leakage are only secondary 
reaulta, due to a primary cause which of itself may oauae tb« 
stoppage of tho steam generator. But a leakage nt a joint may 
in Itself gradually cause tho destruction of tbp boiler. Here we 
■M another reamn that the character of a boilur, not merely as 
to ultimate strength, but also as to wear oud tear, intinialoly 
depends upon the form of its joints. }t is often noticeable that 
Terjgood lap joiuta, even when tested under livdraulic pressure up 
to amy 50 per cent, above tbe working load, aweat more or less. 
The tendency nf the internal pressure to form a correct circle 
bears indirectly on these joints, causing them to open, more or 
leaa, and to leak in spite of the caulking. Mr. Hobert Galloway, 
C^., who, as an Engineer Surveyor of long ainndingof tbe Bnard 
of Trade, haa probably made more than three thonnand careful 
inapections of marine boilers, states that he has often noticed a 
farrow or channel on the outside of the joint, running parallel to 
tbo outside overlap for some distance, and evidently caused by 
Imkagfl. Along the water line, condeDsed water will act oo the 
joints, while below it tbe concentrated couteuts of the boiler will 
oome into chemical action. A leakage in a marine boiler often 
eats away a plate within a yo»r. In some cases a jet of hot 
water from a leakage bos a frictional action; in fact, even with 
such an incorrrHlihlu and hard substance aa glass an effect li ke 
this has been perceived, and a slight leakage continued during 
sereral days sometimes produce a uaticeablH furrow on a glass 
gauge tube. With sulphurous fuel, a powerful chemical action 
will oome into play on tlie plates. One volume of water takes 
ap about thirty volumes of sulphurous acid gas; and these sul- 



phnrons fumes of the fuel, ooming into contact with the water 
from a leakage, will be more or less absorbed. An acid solution 
like this must quickly eat away the plate. It is certain that a 
leakage acta much quicker on a boiler fired with sulphurous fuel 
than on one 6red with wood. M. 0. Ad»lphe liim has 
observed a plate, nearly {tba thick, to be pierced, In the course 
of time, aa with a drill, by means of a tittle jet which struck it 
aft«r passing through a current of hot coat smoke.* 

Leoislatitk Ekactwents. 

No stronger proof can be adduced of tho empirical state of 
existing kuowledge of the niaungcmeut of boilers than that 
aSbrdeu by a coosideratiou of their average duration. While 
some marine boilers last only about three years, there are care- 
fully worked land boilers which have lasted as long as thirty. 
Captain Tyler, R.E., estimates the average duration of a locomo- 
tive boiler at from 6ve tu twenty years. Perhaps the average 
duration of a marine boiler may be reckoned at from dve to 
seven years; that of a locomotive boiler at from eight to nine 
years; that of a stationary boiler at from eighteen to twenty 
years — all being supposed to be fairly worked uuder ordinary 
conditions. 

It is clear that, subjected as a steam boiler is to so many 
destructive iufluences, the precise eBects of which can ncarcely 
be yet very accurately known, the working teutiion should be 
only one-eighth of the ultimate bursting strength. But wbrn 
boilen, aa is too often the cose in Eugland, are bought by the 
weight; when cheaply paid labour is employed in their manage- 
ment; when inspectiuu of the progress of the wear and tear 
ueceasarily happening even with good boilers and good attea* 
dance, is procrastinated for the sake of gain, there is then a suit 
of expense vertnt risk, in which parsimony too often gains the 
day. At any rate, a number of painful accidents in ofl porta of 
tho world have, at difl'erent times, pointed to the fact, that every 
man picked at bap-hazard caimot oe safety trusted with steam- 
power. In fact, there is probably no civilised country iu 
which the le^isUlitire has not more or less interfered in the 
management of steam hoikTH. Iu tho Unitoil States of America 
thefrequency of boiler explosioDs has iu some localities produced a 
more despotic iuterl'eieuce than perhaps anywhere eltte. In the 
city of New York, boilersare under tlie supBrvisiuu of the muni- 
cipal police; they ore tested periodically, and as a result, many 
are ooDdemnE>d every year, IJy an enactment of congress, appli- 
cable to all the State«,t steam passenger vessels are subjected to 
government inspection. The 13th section of this act shows a 
very acute perception of the real cause of a boiler explosion, 
which, it states, shall be takeu as full />rtm<l /tuM'e evidence of 
negligence on the part of tho owner, upon whom is thus put the 
ouuu iif disproof. The law of Louisiana! is particularly severe, 
requiring the application of a hydraulic t«:iit Lnruefold that of tbe 
working pressure. Of course, thoic is a gi^it distinction between 
enacting a law and putting it luio practical execution, and it is 
probable th:it laws like these could only K« cairied out by 
organiseil bodies of police, like those on the continent. In 
France, in 1810, 182G, 1S28, 18I2D. IS:)0, 1843, and bstly on the 
26th of January, ItiOd, as many diderent regulations have beeQ 
issued with respect to steam boilers nf all kinds. Beginuing by 
requiring that every boiler, even of wrooght-iron, should be sub- 
mitted to a hydraulic test of five limos tbe working pressure, 
in 1843, and lastly to a twofold pressure; this has been 
successively lowerwl down to a threefold pressure, by tbe 
Im|>crial decree oi this yoar.§ The previous law hxed the 
mioimuui thickness of the plates — a regulation whieb un- 
doubtediydid much injurv to boiler making in France. The 
old Prussian regulation of the 6th of May, 1636, also fixed tbe 
thickness of the plates, but did not re(|uire any bydiaolic test. 
By the RegulattvH of tbe 3l9t of August, 1S6L, tiiia was com- 
pletety altered. The coustrnction of the boiler was left entirely 
in tbe hands of the maker; but stationarj boilers had to with- 
stand n tbreefoM, and locomotive boilei's a twofold, hydraulic 
pressure. In the same way as with tbe present French law, 
tbe test had to be repented after any oonsidereble repairs. On 
the Sth of March, 1H63, a ministerial decree reduced tbe testing 
pressure for old locomotive boilers down to 1^ of tbe working 

* RaltoUn 4a U SncKU liuli»tn<'lli d« MnlbMi*^ 1U1. p. BBS. 
f S««ioa of OooerMi, itiy I, lfl». 
1 Btninon ABMricu. ISU. 

I D6CIM OMMerunt U FsfaclcstioB «l rEUbllntinoat dm MkUbm \ Ttpssr. 
» JmvIm-, I8U. 
I DttsnMocfcr ZoUoaf . . 14 tTsplcnbcr, ia«l. 



200 



THE CIVIL ENGINEER AND A.RCHITECT'S JOtTENAL 



[/1I5 I. IM 



presaore; aoJ uiother C'lrcalar Erlass, puhllsLed on the lit of 
December, 1B64, reduced the teat for all K'mda of boilers down to 
twice the workiog load. There is now do matenul diflisreDcc 
between the Freuch aod the Fnuaian reguliiUous reepecting 
boilers; nod it may be expected that those contiDeatal lUtes, 
Buch as IlQuia, Switzerland, and Spaiu, which have more or leas 
copied the old Freuch law of m43, will also adopt the present 
alCemtiouB. There is also sotae talk about altering the present 
Austrian law,* .which determines the thickuesa of the plates, bnt 
onlj demands a double pressure test. The liclginu rrgUment f 
also requires double the working pressure for common boilers, 
but only 1^ for tubular boilers. Acoording to Article 31, the 
testujust be annually applied to locomotive, portnble, and mariue 
boilers, as also a^r all considerable repairs. There does not 
seem to be any genei'ai law lu Italy, but in the specinl acts 
nutbori^iug railway companies, eiiuilar requiremeote to the 
French regulatlous are laid dowu, and guvenimeDtoooimiMiouera 
Sfie that they are carried out Each of the smaller German 
states also has its law, more or less like that of France and 
Prussia. Mecklenburg-Strelilzt requires that common boilere be 
proved to three, and tubular boilers to twice the working pres- 
sure; to he renewed every fourth year, and every time that the 
boiler is repaired or altered; SaxoDy,§ that cylindrical boilers bo 
tried to twice the working pressure, and tubular boilers to a 
pressure throe atmospheres above it. Bavaria || now requires 
double the working power p'-ewurc for npw, and one and a half 
for old boilers; while both H;irtJVi.T jiml iJruiiswick eiicli have a 
somewhat similar regulatiou.^ The French law, aud iudee'l 
most of the otheni, rt-qniro two safety valves; aud mauy are 
extremely minute in their directions wiUi respect to glass gauges, 
steam gauges, and other fittings. In Qreat Britain there are 
no exprMsle^lslative eoactmenls with respect to boilers beyond 
those stated lu two clauses of the Merchant Shipping Act,** 
Aooording to which — 1. one safety-valve in every boiler of a vessel 
carrying pnaaengers shall be placed beyond the control of the 
engiue-anver; and 2. any overlcadiDg of this valve is made punish- 
able bv a fine of not more than .£100, in addition to any other 
liabilities which may bw incurred by such an act. The huilers 
of all TcsHcla currying piksseugcni, before clearing out of port, are 
subjected to a careful insjiection by an engineer surveyor of the 
Board of Trade, who can require the boiler to be tested in the 
usual way to twice the working premure; and if he think lit, he 
can, as the result of such an examtuaiion, place the option before 
the shipowner of either lowering the working pressure or renew- 
ing tbe boiler Armed with such powerf, the Uovernnient sur- 
veyor is also reiponaible for any explosion which may directly 
occur through wear and tear. V/hou an expUmiou takes place 
on a passenger railway, one of the Bmrd of Trade ina|>ectors of 
railways examines the fragments, and reports upon the accident 
to the Gorernment Ixiiird, who communicate it to tlte railway 
board. The ruport»aru then priuted, in order to be presented to 
Parliameot, and thia is the exteut to which the British Govom- 
roeut can interfere in these ossos. An with other railway acci- 
dents, however, the Board of Trade inspector i» examined a.s a 
vitnesa in any action for damages agaloat the niilwiiy toni|)ii.ny. 
All other boilers in the United Kingdom are worked without 
any Government or municipat iuterference whatsoever. Within 
late years, however, jirivate comfmujes (the first of which was 
orgauiaed by Mr. Fairbairn, of Manchester) have been forme<l 
for the prevention of boiler explosions. In return for a small 
annual fee, or for a small annual insumnce prentiuni, the boilers 
of any subscriber or insurer are periodicuiy inspect*), and, if 
required, testnl by nbilled engineers. There can be no doubt 
that those com|>auiea have already prevented a great amount of 
loas aud disaster. 

It may thux be said that there are three diitinct plans for the 
general management of su*.im boilers:— I. There in the con- 
tinental pl.in; S. the fi-ee Kuglish and American mode; 3. what 
may be termed the Manchester system. Tho continental mode 
ooosiitts in a atnct superviaion, sometimes ruled by fonnulw, of 
the original construction, and there its action may be said, for 
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the most part, to eod. It does not, and oanoot, without poriodical 
inspections, take into account the effects of wear and tear. It 
may even be doubted whether the old French law, for instance, 
did not do more harm than good as regards construction. The 
official formula, acoording to which were calculated tbe thick- 
neeses of the plates, founded as it was on the assumptions that a 
cylindrical boiler formed an exact circle, aud that a plate, how- 
ever thick, conducted the same amount of heat to the water, was 
obviously incorrect. What may be termed tbe ordinary English 
and American plan throws the onus of proof of the uegligence of 
the owner on those damaged by an explosion. This system is 
subject, besides other difficulties, to all the objections that exist 
against the trial of scientific <^ueetiona by a jury not composed of 
experts, and unaided by scientific witnesses. The oontinnal 
occurrence of explosions in those cities and states of America in 
which boilers are used without any supervision by the authori- 
ties, and their undue occurrence in England with boilers that ar« 
not subjected to systematic inspection, sufficiently prove that 
steam boilers cannot be worked at bap-hazard. On the other 
hand, the system of organised inspection by the English boiler 
companies, and the similar system acoording to which the p**- 
senger vessels are inspected by Government officers, have given 
noiveraal satisfaction. A proper estimate of the value of the 
UancheHter and Board of Trade system, compared with the conti- 
nental and witli the iaiatr Jaire plans, could only bo well based 
on oumcruus utatistics. Uu fortunately, such do not appear to 
have been formed. It is stated,* however, that jo an average of 
277 boilers, there were two explosions in the French departoieot 
of the Haut-Rhiu wittiin ten years; and from 1666 to 1861, or 
within five yeara, there were only two explosions in an ftvango 
of 1371 boilers under the care of the Manchester Association. 
About four explosions occur annually amongst the SAOO locomo- 
tives of the United Kingdom; three have already taken pUce 
this year. In au average of 600 pwsenger ves^la inspected 
under the Steam Shippini;; Acta, only .three explosions occurred 
sinoe 1846-7 in Qreat Britain — viz., one at Lowestoft in the 
Tonning; another at Southampton, in the Parana; and a third 
at Dublin. These last results s)ieak very highly for the care 
aud abilities of the Engineer Surveyors of the Marine Depart- 
ment; and the Continental system is thus clearly inferior to that 
adoptetl by the Bwinl of Trade. What is evidently waut«d is 
that the hysteni uf skilled periodical inspection should spread 
over the kingdom. To a certain extent this is taking place, bat 
this progress is slow, and needs some stimulus, white it is doubt- 
ful whether, in out-of-the-way districts, the mere expense of 
instMction is not a grent bar. VVhat seems to be needed is that 
in the eventof a fnut explosion tbe coroner of the district should 
be enabled to write to the Home Office for scientific assistanoa 
in arriving at tbe originating cause. The Secretary of State 
might then call upon any competent engineer for a report on tbe 
matter, when he onuhl be examined as a witness before tbe jury. 
The mere kuowlu«lge that any explosion would be strictly investi- 
gated by an expert, might in many cases be sufiicient to counter- 
balance tbe too prevalent tendency U) prefer risk to expanse. 

Tub HroaAUUc Test. 

Although, as we have seen, Uie application of a known amount 
of hydraulic pressure is in such geueral use for the determination 
of the Htreugth of a boiler, there are, nevertheless, few points in 
engineering about the real value of which there is so much dis- 
pute. Everybody seems: to have a ditferent opinion on the 
maiter. Some say that the hydraulic lest is the only means of 
determining the strength of the boiler: others, that it is a very 
injurious and useleiu measure. As to its amount, some recom- 
mend one and a half, mauy twice, some 'Jirice, and a few even 
four times, the workiog pressure. While numerous engineers 
advise its application to old boilers, othprs have strong objections 
to its use in this way. Whether the force-pump be really Uie 
best apparatus for iti* application, is, with other questions, 
alio placed in doubt The truth is that, while on the one hand, 
like other t«st3, it may bo abused and wrongly applied, on the 
other its value may also be exaggerated. 

The best practical proof of its necessity for new boilers is 
affonJed by the fact that explosions have occurred the first time 
Bteam has been got up; such an that at the Atlas Works, Man* 
Chester, in 1858. Unless every plate be separately testeid up to 
proof load, it is impossible to be certain whether one of them is 
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not (infective. This fuRction ia clearly mach better performed 
by the hydmulic teat Ttieti fis iu its applicatioD to old bollars, 
much can b« learnt duriug internal exaniinal-ion, but it ia oat 
always powible to tell llie reraaiDiog thickness of the pUtea by 
this m«Aua, nor tfaeir deterioration through the beat It is oftui 
nid that a vacoeasfal resistance to the hydraulic test is no proof 
that the boiler might not have been burst by a few pounds more, 
and that it may so suffer as to perhaps afterwards burst with a 
leas pressure of steam. But thu is no more trae than it is true 
of a girder, for instaiics, which has withstood without permanent 
deflection it« proof loiul. In every case it is necessary that its 
effects on the boiler should be exactly ascertained. lu fact the 
r«al teat consists in this examination, ami th<! proof pressure ia 
only a mewu to this eud. The boiler should, if possible, be sub- 
Motod to a careful internal ami Kxternal examination. With 
UMOIBOtiTes this can only be accomplinhed by tAkiug out the 
ta^ea; with oniinary land boilers it can only be done by removing 
•tbe brickwork. lu fact, it may be said that a steam boiler is 
never abaolat«Iy safe which cannot be easily examined; more 
especially from the inside. But by gauging the floe tabes, the 
combustion chambors, the flat surfaces, and even the barrels, it 
may be ascert^ned very nearly whether the limits of elasticity 
of the material have been exceeded; whether therefore the pre»- 
■ura has additionally injured a boiler which was near rupture 
already. It is ufUn vary plausibly observed thai there is great 
danger iu testiuga boiler which cannot be examined internally, 
to double, or even to only une an^l a half the working pressure. 
It is said that the test may straiu the boiler without its showing 
any outward indication. It <a certainly just possible that such a 
ease might happen. A locomotive boiler, which had been tested 
with 196 lb. pressure, the water being at 162*^ F., in September 
1860, but had not been examined ioternally, burst on the Ist of 
April, laCl,* under only im lb. of steam. The boiler gave way 
at the amoke-boi ring of the barrel, and, as usual, from a furrow 
or crack rnnoing close to and parallel with the iu^ide overlap of 
the longitmliiiai joiut. It is difficult to believe that if this ring, 
as well as the otliBni, had been gauged after stripping the lagging 
from the outside, as is done by Uie eugineeis of the Manchester 
Boiler Asaociatian, it would not have shown a parraauent increase 
of diameter, or some bulging under the extra pressure. If, in 
addition to a neglect of r^ireful measurements before and after 
Ihe applicnliou of the prcasure, this test is carried very high, 
then Uie whole operaliou may undoubtedly be a cause of that 
which it is intended to prevent According to thti traasian law, 
•very new locomotive boiler had to be re-tested to double the 
working pressure after runuing mOQ PruBsian milea, aud after- 
wards for each 5400 miles. Tlieao measures, while they did not 
entirely prevent explosions, greatly iojurad tlie boilers by strain- 
ing the siaybtdta, and by the resulting excessive caulking re<iuired 
to make the joints tight. On the other hand, the Absolute se- 
curity afforded by drawing the tubes can, under the present 
mode of construction, be only obtained at the ex|H!uite of, perhaps, 
300 tubes, costing from 25». to 27*. each, besides some injury to 
the tube plates. 

Whatever m^y be aaid against the hydraulic teat, the beat 
arifumcnt in its favour is its very general adnpiion. New 
goverument boilers in the United Stales must be tried to a pres- 
sure two-thirds greater thsn the working pretunra; the tame 
measure being carriefl out with the 3000 tjoilers in the city of 
New York. Mr Anderson, C.E., of Woolwich.t direcU his sub- 
ordiuat«H to use a test of at least double the working pressure 
for the boilew iu the royal gun fectories. Mr. Muotz, of Bir- 
Biagham, has publicly stated that he has for years adopted an 
annual hydraTilic test, "consideiiug it a duty he owes to bis 
workmen.' The Kastem Couuties, the South Eastern, the Lan- 
cashire and Yorkshire, the Calodonioo, the North British, the 
Edinburgh and Giaagow, and the London and South Western 
Railway Companies, employ the hydraulic teat for both new and 
old boilers, using generally double the wi^rking pressure. The 
liondon and North W'witeru are stated to have used it for only 
new boiler*— at any rate, iiutil recently. The Great Northern 
and the Great Western ilailway Companiee do not use it, and it 
ia accordingly on these lines that the greater numbiir of exploaious 
take place. Practical experience thus proves that, though there 
la joat aebance of the test failing to detect a weak builar when 
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it cannot be examined intei-nally, the danger ia greater in not 
ttsiuK the bydraulic test at all. Mr. Seattle, of the Loudon and 
South Western, strips the lagcing every two years, and applies 
a preASure of IdO lb., the working pressure being I2fi lb. Mr. 
Fletcher, of the Manchester Boiler AssDciatioQ, employs doubid 
the intended working pressure for new, and from l4 to 1| the 
working pi-essure witn old boilers. The most conimouty use<l te«t 
is thus double the working pressure for old boilers, with a diminu- 
tion according to circumstances as they get old. 

An objectionable plan in measuring the pressure applied, and 
for sercral reasons one likely to lead into error, is estimating it 
from the load on the safoty-valvo lever. A metallic gauee should 
be used, and very neat pocket instruments of the kinuaro sold 
in Pario. Iu frualy weather the rivet-heads are liabSe to be 
snapped if the metal be not somewhat warmed by uning hot 
water. The hydraulic mm kind of action on the sides is iUm 
much ]e«s likely to occur if a rather narrow force-pipe be nsed 
for the pum]>. 

There can be no doubt that it would be a valuable thing to be 
able to employ some means of measuring the permanent and the 
tomporaryciteouon of volume, if any, produced by the hydraulic 
test. It is probable that a boUer, as it gets old, and takes a 
permanent Het under the pressure, also increases in volume; so 
that it (loiibtlesH holds a few gallons more than it did when new. 
An ingenious plan fur measuring the increase of volume is 
iTcomuiended iu the Bavarian regulation. After the boiler is 
filled, the aniuunl of wnter forced iu is measured, by pumping it 
from a ve«sel mai-ked with diviaioua. Whan the pressure is 
removed the boiler contracts more or less, forcing out at least a 
portion of the water; the amount remaining is supposed to give 
the dilatation of volume of the boiler. The difficulty in the use 
of this plan would probably cnnsist in the presence of air in the 
water ItMlf, and any which might chance to r«miun in the boiler. 
That in the water might hv itreatly diminished, or at any rate 
brought down to a coustaut amount, by boiling; but there would 
be no preciae security against uny air in the trailer, and as the 
weight of the air absorbed by water, according to n well-known 
law, is in proportion to lite pressure, it would be taken up by the 
wat«r, thus falsifying the indications when the pressure was 
removed. Ou the other hand, a high temperature of the water 
would form an impedimout to this abaorption. The experiment 
is certainly worth trving. It might be very valuable with tubular 
boilers iuaocesaible from the inside, as any permanent set or de- 
flection ought to be indicated by little or no water being compressed 
out by the contraction of the boiler on the removal of the 
pressure. As long ago as 1844, Mr. Johard, of Brussels, in order 
to obviate the supposed injurious effects of the hydraulic blow 
of the water on the plates, proposed to 611 the boiler with water, 
first loailing tho safety %-idv^, and to then dilate the water, and 
eonaequcutly the boiler, by means of hcuappiioil to the outside.* 
More recently, Dr. Joule, of Manchester, has nsed tho some plan 
himself, pro)iotting it for general adoption. t Iu addition to the 
loaded safety vidve, he used a metallic prenxure gauge, to he con- 
stantly observed, and if the pressure arising from the ex|iauaion 
of the water goes on increasing continuously without sudden 
decrease or stop^Mt&e until the testing pressure is obtained, it may 
be inferred that the boiler has sustained it without having 
suffered strain. Another plan, alH> founded n))on the same 
principle of the irregularities of exteusinu of metals when the 
limit of elasticity is exceeded, has lately been proposed.! This 
cuusists in bringing an ordinary steam-engine indicator iu com- 
munication with the pump plunger as if it were a atenm-engiue 
piston-rod. The ordinates of the |>pndldiagiam would thus give 
the pressure in the boiler, while the respective abscisste would 
give the quauttty of water pumped in at each stroke, As long 
as the limit of elasticity was not exceeded there would be a hori- 
tontal tine, whito a curved line would ap|>ear na soon as the aides 
began to uke a permauent deflection. Thei-e seems to be a aort 
of contradiction in depending fur ntsults like these up^u such 
irregular appearances as the extensions beyond tho elastic limit. 
But all these | roposnls ore uudoubtetlly worth trial iu prac- 
tice. Dr. Joule's plan has the merit of affecting tho plates by 
both heat and pressure — thus bringing them under every-day 
coudilioua. 
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METROPOLITAN IMPBOVEMENTS* 
By W. Peufold. 
It has of lnt« jrenn been tho Ciahion to sneer «t th« att«mpta 
JB&rfe in thii couotry to carry out eocU improvements as have 
become ne>cesanry from time to time in our metropolis, and lo 
(irawpnfavourableocmipArtaons between what is done here au<i 
what is done on the Conttoent under aiinilar circumstances, and 
especially with i-egard to the magniBceut wt.rks which have l»een 
earned out in the capital and provincial towns of France under 
the auspices of the present Emperor. 

Now, although we do not enjoy the advantages of a paternal 
goreroment, to guide and preserve us ia tho right path, like onr 
oeighboura across the Channel, nnd onr civil improvements, 
taken one by one, will perhaps hardly bear a comparisoD with 
theirs, either in grandeur of conception, or in the rapidity aod 
spirit wit^which they are carried out; still, a glance at Uie extent 
and oonditions of our metropolis some sixty years ago, will soon 
convince us that a very largo aggregate amoantof work, has beon 
done — some of it, no doubt, wretchedly oonceired and badly 
executed— but which on the whole will beai* a very favourable 
eompnrison with what liiis been accomplished In tho same time in 
any part of the Continent. 

I«t us take a map of Ivondon at the time we are speaking of 
There is otio entilleil 'The Stranger's Guide to Loudon and 
Westminster, cxhibilinij all the latest improvemenU up to the 
present time,' published in 1806. Wo shall find that, practically, 
the City was bounded on the north bi, the New-road, — Gower- 
street ended in a market garden, — and 'it was a pleasant walk by 
Bftgnfgge-wclts, the Merlin's Cave, and the New River reservoirs, 
to the Aiigel at Islington, Parties to Primrose-hill could stroll 
through Mnrylebone-park Farm (belonmng to the Crowul, and 
atop to refresh themselves at tho Jew's Harp, if tliey deaireil any- 
thing moro potent than the cnrda-aud-whoy they would ohuin at 
the adjacent farm-house. The inhibitaniaof Weatrainater miglu 
w^k across TothiU-fielda to the river, and be ferrriml over to 
Vnux hall-gardens; or if they wishocl a quieter walk, might turn 
to tho right, through the Five-fields belonging to the Earl 
Grosv«nor, nod passing the largo reservoirs of the Chelsea Water- 
works, go by the R.:.yal HuHpital on to Chelsea-common. West- 
minster, BUckfriars, and London were the oidy bridges below 
Battersea. The aooess from London-bri<lge to the Koyal Ex- 
change was by way of the narrow Fish-street-hill and Lombanl- 
•traet; while we can only hope that very few people were obliged 
to attempt the difficult passage from the Bank to Finsbury- 
sqnare, up ColomaQ-street aud Little MmirfieUln. Kegent-street 
did not exist; and the Royal Mews, at Chi ring-cross, however 
convenient it may have bwn for the Prince Ttcgent ni Carlton 
House (close by), must have seriously impeded the traffic at the 
junction of the leading thoroughfares uf the Strand, Wliitelmll, 
and Charing- cross. The possibilftv ratlier than the probability 
of being whirled through the air at the pace of 10 or 1-2 miles 
an hour by steam on a railway was onlr then beginning to haunt 
the dreams of a few enthusiasts; and Londonons journeyed 7 or 
8 miles out of town to l>e aatouiahed at the marvel of a long 
string of coal trucks drawn by two or three horses along the 
Surrey Iron Railway, just then completed, U> connect the river 
ThiCmes at Wandsworth with the inland towns of Mitcham and 
Croydon. 

Until within the last ten or twelve ypsrs, however, it has been 
tolerably easy for any one whose atteutinii wan ilircct«d to these 
matters by business or iuoliuation, to keep pri^tty well iufnrme^l 
on tho subject; hut since then, such rapid sad important ubauges 
have taken pUoe, and otliera of still more consequence are iu 
contemplation, that the difficulty of obtainiug, or rather of 
retaining, the information has much increased, while the uecea- 
sity for its acquisition, in a professional point of view, in daily 
becoming more obviona and pressing. It is now a matter of 
cvery-day occurrence fur an architect to be called on to advise on 
the eligibility of a building entite, or as to the site of a new 
building and the effect which the opening up of some new street 
or railway, or the cun I em plated diversion of a Una of traffic, may 
have on the business or the objects for which it is proposed to be 
erect«d; bettides the many other iucideuts of an architect's ordi- 
nary practice, in which tlie knowledge of the present or nrospeo- 
tive value of properly plays so important a parU Jjookiog on 
the subject from this prufseaional point of view, I have thought 
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it might be of some advantage if I were to lay before the mem- 
bers of the Association a brief outline of some of the most 
important works wliich have beon executed during the preeent 
oentury. and inciude in my survey some others which are alivady 
in progress or on the eve of being oomroencod. With the object 
I have just indicated in view, I propose to confine myself chiefly 
to a consideratiou of those undertakings which have been set oo 
foot for the purpose of atFordiog new or increased facility of 
interoouimuu'miiou betwf«n different parts of the metrofiolis; the 
principal poinU wa shnll have lo notice, therefore, will be 
bridges, streets, and railwiiyg. 

Now, any onu who has not thought much on the subject, as he 
walks tluwu Kegeut-streei, or along ([^annon -street, and sms the 
line of splendid shops or ranges of lofty warehouses, knows rsry 
well that if he wishes to buy or rent premis^Sf either in one 
street or tho oihur, a price will bo asked amouoting almo^ to a 
handsome yearly income for a man of moderate expectations; 
and the idea may occur to him, what a fine speoulatiun it most 
be to get an Act of Parliiiment, and open up a new street like 
this! But he would think it strange, when he came to )oqoii« 
more closely, and was told that the actual net loss on carrying 
oat A new street is equal to one-half or two-thirds of the monejr 
expended* and that that proportion of his capital would be 
utterly sunk and lost Cannon -street, which was only half a 
street, has, I believe, turned out the least loss of any recently 
executed, and it entailed a loss of 40 per cent The leasee of 
houses in Begent^treet might have b«^ bought after they 
were built, at prices equal now only to the rents which 
they realise per annum. This arises from several causes, the 
principal being the laut that a new street is generally made 
through a densely-popuhited locality; and the area occupied by 
so many small houses, all of which have to be paid ibr by heavy 
compenaatioo, is thrown into the improved width oi roadway, 
which does not return a direct e<}ttivalent profit id the iucraeaed 
vulae of the fi-uutages thi-reiu. Again, it is a long time before » 
new street takes with the public or the shopkeepers. The slow 
progress of New Oxford-street towards respectability is a case in 
point; and at the present time it has hardly got into the position 
it ought to occupy as a leading thoroughfare. It is obvious 
therefore, that the ways and moans for accomplishing any of 
these undertakings are of the utmost importance; and to thia 
subject we will devote a few preliminary observations, as the 
souross from whence such funds are deriveil must of necessity 
exercise an important inBuenoe, both on the character of the pit^ 
jects themselves, and on the rajadity and manner in which they 
are carried out. _ 

First, then, it is well known, X have no doubt to all, that tbtt^J 
revenue of the estates bt!lon;;iDg to the Crown is rondo over to tlM^^| 
executive Government iu return for yrhat is called the Civil List^^^ 
or parliamentary allowance to the sovereign. These estates are 
vested in commissioners during th« life of Ux« reigning sovcreirat 
the reveisionary interest of the estates being reserved for his 
successor. These estates themselves are therefore kept intact, 
the commissioners dealing with the revenue as msy be deemed 
advisable in the interest of the State. U is with a portion of 
this revenue, aided by grants and loans from the Cunsolidated 
Fund, that mauy of the improvements at the West-end, where 
the Crown has valuable esutes, has been effected; the two-fold 
object of accommodation to the public and iucreaae of valne to 
the reversiun of the estates being for the moat pari kept in view, 

N'ext, {lerliaps, we should mention the Corporation of the City 
of Londuu, who have a large revenue derivable from property in 
their possession, and a great proportion of thia is aunu.illy 
devoted to improvemeats from which no direct profit accrues to 
them. They have also been intrusted, from time to time, witb 
the administration of larg« funils which have been raised with 
tlie sanction of the legislature for making new streets and other 
works, such as Loudon Bridge and approaches, the Iloyal 
Excbiiuge approaches, aud others of equal importance. The 
chief sourcu of tlie revenue which they have thns administered 
is tho well-known Coal Tax. Tliis 'duty cousisls of Is. 3d. 
per ton on all coals brought within a radius of about 20 miles 
of the City, and was originally granted in the time of William 
and Mary, for the relief of the orphans and other creditors of 
the city of Loudon, and has been continued from time 
to time by various Acts of Parliament which point out the 
specific purposes to which it ts to bo appUecl. Now the coal tax 
produces £'2,40,000, and in 163(1 it was about half that omonnL 
The commisaioncrs of sewers, also, of the City of London have a 
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Mpante fond raised hy UxatioD, out of vfaich tbej are con- 
stantly, bit by bit, improviog existiuK streets aod setting back 
projectiDg houses wheuever au oligible opportunity preseota 
ilnelf for so doiug. There ure nUo the local boards aud the 
Metropolitan Board, who have certain powers of taxation, 
and now generally administer the funds derived from public 
aoUTces for most of the important civio undertakings. A 
further source of revenne, iu years now gone by, waa the 
profit derived from the State lotteries; and with it West- 
minster-bridge and the improvements at Snow-hU! were partly 
uecuted. The proats were between iJSOO.OOO and ^£400,000 
per annum. This was rather too good a sum to lose on the score 
of morality, and the committee, if they did not actually recom- 
mend, very strongly suggeated that there would be no harm in 
nisfng by way of lottery, or, as some of the witnesses put it, 
of availing themselves of voluntArj' taxation, a sum of aboot 
jE120,00<> per annum, to be appropriated to improvements from 
which the public themtielveii would derive the benefit. 

Briiiget. — Facilities for croaalng the river are, perhaps, the 
most important to a city like London. Bri<lgea, therefore, seem 
to claim our first attention; and first among these comes London- 
bridge. We are all familiar with the aspect of old London-bridge, 
M it appears in old priuts and engravings. There U a very good 
view of it in tlie Vernon Gallery, with its houses, gateway, mills, 
chapels, aud narrow arches. The Great Fire of London, in 1006, 
destroyed most of the buildings, and damaged the bridge; thev 
were, however, re«tored in a great measure, and ro remained till 
about 17.54; when an act was obtained for cl&-iring off the houses, 
throwing two of the arches into one, tind otherwise improving 
the bridge. Thi« was done from desifjiis by Sir Robert Taylor 
and Mr. Dance, and as it stood after this the bridge consinted of 
nineteen ardica of various simn't, the water-way at low-water 
being only about S3I feet, while the space ocmpied by the piers 
and starlings was 7<X^ feet. This, of course, was a serious obstruc- 
tion to the traffic; and at length, nfter having beeu duly sat upon 
and rep<jrted upon by various committees, an Act of Parliament 
v;i8 obtaiuetl in the year m23 for the erection of a new bridge. 
This was commenced in 1824 from the designs of Mr. Bennie, 
and opened on the first of August, 1631. The bridge is built of 
atone, and now consists of five archas, with a w.iter-way of 60O 
feet, and a space occupied by piers of 02 feet only. The cost of 
the bridge was about £4^6,000, which was raised principally 
from the Bridge House Eat&tes, belonging to the corporation. 

The Act of Parliament for the construction of Bhick friars-bridge, 
which waa originally called the Pitt-bridge, was obtained in I7oO, 
aader powers given to the corporation of the City of IxindoD, who 
were empowered to raise a sum of .£30,000 per annum by tolls, 
to pay off part of the expense. Out uf a largo number ufdesigus, 
among which were some by Smaaton, Chambers, Dance, and 
others, that by Mr. H. Mylne was eventually selected. It was com- 
menced in 1700, and completely opened in 1770. ft was built of 
■tooe, and consisted of nine arches, leaving a water-wav of 786 
fnt. The cost of the bridge and approaches was about .£26^,000; 
of this about £166,000 may be nut to the expenw of the bridge 
itaeUl However, from some innereuc defect in the foundations, 
tiie arches sank; and between the years 1832 aud 1S43, .£10^,000 
were speut in repairs, and since that time it has been a source of 
coDstant expense to the corporation. The parapets were taken 
off and replaced by w<hx]; auil within the lust year or two the 
eorpomtion obtained a number of designs, and the new bridge, 
which is to be somewhat similar to that uf Westniinater, in now 
being erected uuder the saperiuleudence of Mr. Joeepb Cuhitt. 

'V^tminRter- bridge was commenced in 1739, from the designs 
by lAbelye, aud finished in 17C0: about /SOO.OCKi were expended. 
It oonaisted of fif^en arches, leaving a water-way of 8'20 feet. 
This bridge also, like Blackfriars, seems to have been a constnot 
source of annoyance aud expense. Even durine its building, 
in 1747, one of the arches failed, and had to be made goM 
%\ % la^ expense. The whole structure became so bad tliat, 
M Vfl all know, it was taken down and replaced by the 
prsHot Btmcture from the designs of Mr. Tage, which was 
oonmaiced about 1855. There arc seven main arches and two or 
thrae smaller ones. The bridge is nearly twice as wide as the old 
bridge, being SA feet againat 44 feet of the old. The bridge n-as 
treoted in halves, the old remaining while lialf of the new was 
building; this delayed the complotioh. The cost was about 
X3l6,00(.i, besides the approaches. 

In 1804^ the Strand Bridge Company was incorporated, and 
they were empowered to raise X500|000 m shares, and a farther 



sum of ^(300,000 on mortgage. Farther powers were obtained 
in 1616, and the name was changed to Waterloo. The bridge 
was commenced in 1811, from the designs of Mr. John Renoip, 
and ofiened in 1817. It consists of nine arches, with a water- 
way of lOflO feet Tlie original estimate for the bridge alone 
was .£080,000, and it deserves to be recorded to the credit of 
Mr. Bennie, in a work of such magnitude and so much uncer- 
tainty, that the estimate was not exceeded by more than J^^iOOO. 
The total oost of bridge and approadies, with expenses, was 
/1,030,BS2, which was raised by shares, annuities, and bonds. 
The company met with great opposition from the City, and Mr. 
Mylne, tbeir engineer, atatotl heiore the committee of the House 
of Commons that it would be impossible to build a bridge on 
the nite; and if built, it could uot stand. It, however, has sur- 
vived to the present time, and seems lively to last still longer, 
while Mr. Mylue's bridge is fast disappearing from the face of 
the earth. Whatever advantage this bridge may have been to 
the public, the ahareholdera have not derived much profit, and 
although, since the opening of Waterloo Station, the traffic has 
increased, some years ago the .£100 shares might have been 
obtained for about £3; and the dcrk to the company, iu evidence 
before a committee in 1830, on a qne^tioo of opening tlio bridge 
free of toll, said that the then market value of the whole property 
— shares, annuities, and bonds— was ;£303,811, or about £700,000 
less than tlie oost. 

Southwark-bridgc, an iron bridge, was also designed by Mr. 
JRenuie. It has three archo*», with a water-way of COO feet It 
was commenced in 1314, aud opened iu 18)9. The expenditure 
of capital for the bridge and appraicheii, and other expousas, was 
£666,486, of this £180,000 wore paid for purchase of property, 
£278,000 for masonry to bridge, £143,000 for iron-work to bridge 
and approaches, and £60,000 for miaceilaneous charges. About 
£100,000 were raised by pnifcronce shares at 6 per cent, and the 
holders of these are the only proprietors who bare received any 
dividend, and these only at the rate of 2 or 3 per oenL The £100 
shares might have been bought at £2 or £3. 

Vauxhrui- bridge is also a cast-iron bridge; it waa designed by 
Mr. James Walker, and carried out by him, though Mr. Rennie 
and Sir James Bentbam aeem to have had some hand in it. It 
was commenced in ISU and opened in 1816. It luis nine arches, 
and the cost was about £300,000. 

Lambeth-bridge was erected by a private oomrany. It ta on 
the suspension principle, being of wu-e cable. The bridge has 
three spans, each of 280 feet; the piers are cast-iron cyfinders 
the same as Hungerford. There is a carriage-way and footpaths, 
the total width being 32 fooL The works cost about £28,000; 
the whole coat, for land, &c, bclug £40,000. 

Chelsea-bridge, which connects Battel sea-park with I^mlico 
aud Chelsea, is a HaKpenKinn-bridge. The width of the river at 
this point is 737 feet, which is crossed by three spans, the cen- 
tral one being 352 feet between the piers. The roadway is 
33 feet in width; the footways overhang, and are each 7 tt. 6 in. 
wide. The foor towers which supptrt the chalna are of iron, 
uxeept about 18 feet at the top, which are of copper partly gilt. 
The bridge and the embankment In connexion are (rom the 
dcaigos of Mr. Thomas Pajro. 

Street*. — The first perhaps that claims our attention is that of 
Regent- street, and the works connected with it The immediate 
cause of its being undertaken w.ia Uic desire of the Commis- 
sioners of Woods and Foresta to improve the Marylcbone pork 
F^nu, Iwloogtng to the Crown, and the lease of which had just 
expired; and also (through the influence of the Prince Begent) 
to form a good means of communication from Carlton Uouae to 
this estate, where it waa proposed that a residence for him should 
be erected. Tfaerewaaaoompetition, with a premium of £1000, 
for laying out the proposes! park and forming the necessary 
communications, but the result does not seem to Itavo been satis- 
factory; and eventually a plan, which was a combination of 
the designs of Messra. Leverton and Chawner and Mr. Nash, 
was adopted. This waa about 1813, and in a few years the Be> 
gent's-park, as we now see it, waa feoce<I in and planted aod the 
terraces built. The net ooet of laying out the R^nt's-park 
was about £20,000. This was paid out of the revenue of the 
Crown estatcA. Regent-street was opened some time in the year 
1819. The total cost of forming the street, for compeusations 
aud other expenses, seems to have been about £1,406,000, and 
the expense of the sewer £60,800 besides. Of this amonnt 
£51-5.000 were paid out of Crown reveuuea, ond £S00|000 oubol 
the Consolidated Fnod. 
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Ai the improvemeDU in lUj^nt-street dr«w neftr their com- 
ptetioD, thow in tbo ncighbourbood of Charing-cross w^re com- 
menoed, and cotnpribed the exteaaioD of Fall-mslI into the 
Strand, by cutting ntf a pu-t of tbo churchjanl of St. Martin's, 
clearing zway the King's-mewg, and the formation of Tra£&h;Ar- 
aqauv, &nd widening the Strand and St. Marttn's-lADQ at their 
juDCtioD with the extension of Pall-raidl. Up to the yenr ISSfl, 
these improvements had cost about /l,flO0,000, priucipatly 
defrayed out of the revenues of the Crown lauds, and carried out 
under the superintendenoe of Mr. Niisth. 

In the meantime oonsiderablo improTements had beeu goioj; on 
in the City. London-bridge I have already alhnleil to; and, in 
connexion therewith, the street from the Mansion-house to the 
bridge, DOW called King William-street^ wag carried out, as also 
the ooutinnatiun of that thoroughfare to Hnabury and the New- 
road by way of the present Pnnces-street and iloorgata-street. 
These works were carried out under the sufierinteudeuce of 
Sir Robert Sniirke, and Mr. Montague, the City Surveyor. 
King William-street cost about .£212,000; Moorgate-street about 
£169,000; the approaches on the Surrcyside about X'SOO.OOO; and 
other matters in connexion made the total cost about one mitlton, 
and this burden was laid on the coal tax. St. ThonLiit's Floopital, 
the burninff of the Royal Kichange also, and its re-erection, 
ueoeaaitated great improvomonta in the oeighboorhood of the 
Bank and the Mansion-house; and theiie were alio (nid for out 
of the coat-tax fund. Some new openiues in conuexion with 
Waterloo-bridge wore alao carried out at Inis time. 

In 1836 a committee of the Hooaeof Commons was appointed, 
of which AJderman Wood was the ohainoan, to inquire into a 
raiiety of schemes connected with London and Westminster, 
amoDg which were the improvement of Skinner-street and Snow- 
hill by a viaduct; a new street from St. Paul's to Blackfrinrs- 
bridge; from Farringd on -street to Clerkenwell; from the Post 
Odico to the Bank; Wostminstor Abbey to Pimlico; Finsburj- 
aqiure to Whitechapel Ctiurcli; St George's Clinrch to Itlack- 
friars-bridffe and Waterloo-bridge; and opening Wal«rloo-bridgo 
and Sou tn war k- bridge free. Mr, Donaldson, Mr. Montague, 
Mr. Cottingbam, and others, gave evidcoee, and submitted plans. 
In 183ti, the committee were again engaged on the sniue sub- 

i'ect, and they rccoiumcndcd Cranboumfr^treot, Eudell-atrcet, 
few Oxford -street, and SpitalQelda, for aoma of which plans 
had been prepared by Mr. Kaah. 

In 1844 and 184J5, Craobourue-sti-eet, New Ox ford -street, and 
Spitalfields-street were opened at au expense of about .£841,000. 
Ttiese were c&rrtea out under the superinteudence of Mr. Fenne- 
thome. 

The iinprovemeots in Westminster, and notably Victoria- 
street, wore entrusted to commiastoners, who were incorporated 
1)^ tlie Westminster Improvement Act, 1845. This, however, 
did not work very aatiauctorily, and an Act was required uearly 
every following year up to IStti and 1853, Kiviug powera to raise 
various sumM uf money, niuouutiug to something like 250,000. 
The commlssiuncra aIi*o obtained powers to lend uiuuev to 
builders, which they did to the amount of about £400,CXX). They 
ftbo issued a large nuQiberof bonds without sufficient security: 
these got ia t)ie market, aud became d«preciat«il in value; the 
crediton iuterferod, and there was the uisaal crop of (.Mianoery 
soita. And in the years 1H59 and 1660, Acta were obtained for 
reooDfltmctinig the commia»ion on n new bnHia, and making 
arrsogemenu for paying oif the credilon; Mr. Tite having been 
persuaded to take a leading part in the new conatttutton. 

Cannon-street had also beeu opetisd in the mean time, at an 
expense of about i£flOo,t)JO, paid chiefly by the Corporation of 
the City. 

The Act for the new street in Southwark was obtained in 1657, 
The works were comuioucci] tu IHCI, and the whole of the street 
was thrown opeu to the public ou the Ut of January, lfi(i4. The 
street is about two-ihirda of a mile long, aud the estimated coat 
was /fll9,424, indndiug about £9000 for sewer. Inaiead nf the 
sewer a subway was carried out, at an expeuae of about X'ii.OOO, 
including which the toLiI cost of the street has been £.357,051, a 
result creditable to Mr. Marrable, wli" can-ied it out; and it is 
anticipated that of this amount about £567,000 will be recovered 
by safe of land, &e. 

Almost everj'enifineGr and architect who has taken any leading 
part in such mattent, from the days uf Sir C. Wrea downwurtia, 
has been preasing on the notice of the authorities the necessity 
of embnnking the Thames. Alm'wjt every committee has 
reported on the subject aud earnestly recommended its adoptiuu. 



John Martin, the painter, made great efforts, extending over 
twenty-five years, to get a deeign he had made carried into effect. 
In 1B42 a commiseion, with the late Duke of NewcMatle fur chair- 
mau, was apptMuted, and many designs were hiid before them ; but 
nothing was done except here and there in connexion with other 
worka, and by private individuals, according to a lino laid down 
by Messm. Walker & Burgess; and it was not till 1861, after the 
Metrogxilitan Board of Works had been cm|>owered to carry out 
the main drainage, and the iuhabitauta of the Strand, along 
which the low-level aewer was to be carried, became alarmed at 
ttie prospect of being encloaed in a hoarding for a year or two^ 
that any serious steps were taken to carry out thia long ooo- 
templated scheme. In this year another commission waa ap- 
pointed, who took evidence and received a large number of 
designs, one by Mr. Shields being the basis of that proposed to 
be carried out. The commiasion r^commeuded the embankment, 
and a new street from Blackfriars to the Mausion-hooae. An 
Act waa then paaaed, providing funds for the embankment, by 
continuing the Coal and Wine I>uties till 1S72. The necesaary 
plans were then prepared, aud, after much opposition from the 
Duke of Ruccleuch and others on the question of carriage traffic, 
the Thames Embankment Act was passed in 1862. This Act 
iiuthorises the construction of an embankment, with a roadway 
of 100 feel wide, and the necessary junctions of existing streets 
therewith. Ttie width of the embankment varies from 450 feet, 
near Backiogham -street, to 130 feet by Somerset House. The 
works were commeuoed at the end of 18U3, and two contracts are 
let; one, from Westminster to Waterloo, by Mr. Fomeaa, at 
£520,000; and the other, from Waterioo to near the TempJe, by 
Meaers. Kitsoo, at 220,000: tliia includes the embankment, aewer 
aud auliway. The Act for the Thames Embankment did not 
include the powers for the new street to the Mansion-house, the 
Act for which was obtained in 1663 by the Metropolitan Board, 
after some sparring with the City authorities, who wished to 
have the adniioislration of the funds, and the honour of carrying 
out the work. 

The railway will p.'ws up the middle of this streot, which is 
not yet commenced. The street will have a subway. In revenge 
for alight put upon them in giving to the Metropolitan Board the 
works of the new street within their bouudary, the Corporation 
applied for and obtained, last seaaion, the Act for the Holboiru 
Valley Improvement. 



SILT TRAPS ON THE DEHRA BOON CANALS, INDIA.* 
By R. E. Forest, late Superintendent, Doon CanaU. 

Tax first silt trapa built la the Doon were of the form shown 
in Fig 4. The mode of action, and the application of the prin- 
ciple of aubaidence are at once evideut. fbe water is diverted 
from its atniight eounte into the fint cliamber of the reservoir, 
pours through a sUt in the top of the dividing wall into the next 
chamber, aud from there retuma again into the canal. The 
ailc settles duwu into the deep and comparatively still water of 
the chambers. By giving tlie beds of the chambers a slope 
towards the end wall, and having openings at its foot, the ailt 
waa got rid of at once aolelv by the action of the canal water. 

Theae silt trapa were htiilt on the Kutta Pothur canal and the 
Rajpore water-cvunie. Similar errors of amatructiou attached to 
both of them, which caused them to be of little service. Bat 
there waa so error of position in the latter which soon led to ita 
total abandoument. The Kutta Puthur canal ailt trap opened 
on to the Jumna river, and its silt evacuations were thus speedily 
got rid of. But that on the Rajpore canal waa conuected 
with the natural stream by means of a long and tortuoua chan- 
nel. The cuusequence waa that heavy silt aepoaits took place in 
this cbannel. A mouud of siH was formed at the foot of the 
siU. trap, advanced on it yenr by year, and hually rested againat 
the end wall to its top, aud the silt trap had to be abanairaed. 
It had ill fact got buriud iu ailu It is a point never to be loat 
sight of tliat a silt trap ought to open immediately on to some 
natural stream. It ought never to b« attempted to carry awaj 
the ailt by means of flurthea from the ailt trap itself and along an 
artificial channel. If possible, the high water of the natnral 
stream ought always to come up to the foot of the silt trap walL 

The errors of oonatruction m lhe4e lirat silt traps were^ 

* CouLnaed tnm pift tU. 
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L. That thediioensiuiiBof itiecnual were carried through tiach part 
of the silt trap, (ho width uf tlie ch»iub«nt &ud of the ojieiiiog ia 
the dividing; witll being mnde the annic n» the width of the cauai. 
The coD8e(|ueDce wom that the water fiuwed through the trap 
with a oonsidei-able veh>ciiT, aod ihiia c.trrietl on a great qiuu- 
tity uf silc S. That thti gntca for the opeuiugs at the euds of 
the fool wftll were large and clumsy. There was a gival loss of 
walor through theui; aud beiug 4 fi*ot Bqiiare, they were diDicult 
to lift, niim e(t|H'ciidly wheo the silc dejXMiit quite covered them; 
it was then like tryitjg.t't [lull up a pile out of s;iiul. 

The next ailt trap built was that nn the Kalntiga canal, in 
which theae defects were remedied. Hyre (fig. 5) a double Mt 
of chaniben vnm employed. Greater Bt^lnt^88 was ubuiued by 
bavin^ those addiliunnl reservoir*, aod also by pincing the open- 
ings in the sepnrnttug walls at alternate euda> by which 
toeaua the wnter htid three tuniM in ha cnurtM through the 
trap. An<l with a double set of chanilicrH, one set cjuld be kept 
in aotioo while ihti other wan being cleaiird out. Two different 
kioda of gate wei-e eniployi-*!. Fur the oiwniags in oue set of 
eliambers they consisted niervly nf giuall ivi^uiigular phit«H of 
ii-uHf 1^ feet deep by 1 foot broad, which nested againat the aides 
of aquare beams pi-evioUHly let into the wall. They were livid 
agAJnat thftoitenin;*, and luuved under two thin Ktripa of sheet 
m>n attached to the wooden beams, and which covered their 
edgee for 1^ inches (aec Fig. ft.) Theae plates were inside the 
re«er\'oira, aud the preiisure of the water made thera almost 
|«rfectly water-tight. They wcie mnved up and down by means 
of a long iron rod attached t*t tlnm, and whi<*h reached to the 
top of the end wall. The upper font and a half of tu length 
was cut into a screw. As the shutt»>rM could not dnxvud by 
their nwu weight owing to the apriug-like pressure on them ttf 
the stripn of iron, it whs ii«(hjiu>ary that the rorla should push 
them down as well «a pull them up, in fact tliai the a.-rew nhould 
aot both vrny*. This waa etTected by the arniugemeut sUowu in 
Fig. 7. Tim doubled hantllHl lever, iise-l for turning the fixed 
Dot, has an octagonxl socket in the middle of |i« length, which 
fits over the octagonal nut. When the JeVHr is worked to the 
lef>, Uie g:ite U poshed dowu; when to the right, the gntu is 
lifted up. 

This is uudoubteilly the best ftaTn of gate that can be adopted. 
There is no leakage thmngh it, and the screw affords the most 
perfect mechanical agent for working iL Uui itM very i>erfecUou 
was one objection to it; h waa too good for the iricality. If anv- 
thing lia|i|>ened to the Kcrewa there wa* nn means of hnving it 
romedivd witliin a difltauce of (ifty or sixty miles, Agai», while 
srimirably adapted for a regulating gate it could not be n»ed as a 
flood-^Ie. And this la.5t was abaolulely neuded, for when the 
cbaiDMr* rapidly tilled with op silt, there was danger of the water 
flowing over the walU of the silt-trap. Another fonn of gate 
was therefore employed in the other two chiimbei-a. The principle 
of their construction is extremely simple, and they can be made 
Up by any village carpenter. Their mode of action can be oisily 
anderstood from the diwgraniH. The gates open outw-irds, so that 
the force which o[>eua them \h the pressure uf the water. The 
bar which kee(is down the catea (Fig. 8; ruuK into twu openings 
iiiK^le in the side bvams cti, ef\ which project a giiod deal beyond 
the siu'fjice of the gate, and its enili* fix into two scckets, one of 
which runs upwards and tho othi^r dnwnw?iida. The gate, as 
shown in Fig. 8, ia closed, if tiie end A be struck fntiu above 
' It will deMfiid. while the end C will ascend, till both ends come 



ipposiUi liic opeuingM w, n, in the side posts, through which they 
lij.' "lut, and tho gjtto flies oycii from tlie pressure of the water 
within. It will be observed that the pivui p, on width the bar 



tun:s, ij placed so as to give the advantage of the leverage to the 
deticcmling stroke. Tt will lie observed also that the end of the 
Imr being octngonal, it is only the preasure on the length of 
sidw f'f thu f>uuig<.Mj which has to bo overcome. Ifenoe the gate 
is till own (.jten with the Rrealest facility. Oue man can strike 
open three gates, with a prcaaure of 14 feet in dei)th of water 
on them, wiih the greatest e;»sc. 

Tlie brtr may l»e struck fnun the top of the end wall wKh a 
pole, or fn-m the tmw of tho small projections, wn, op, (Fig. 5.) 
(milt ou each side of tlie gate's. 1 do not know if this form uf 
gate has been employed ciaewhere. It seems to nte that it might 
with great ndvantnge be employed iu the flotwl.gates for dams 
and wtirs. The fact of the gates swinging from abcve would 
militate a^inst itM employment in the centre of a diuu ur weir 
aoroaa a nrer anbjtct to heavy floods. But from the extmne 
rapidity wttb which they can be struck open, they would be of 



greAt servioe for aide sluices meant to relieve the first rash of 
water iu floods. The simplicity and cheapness of their con- 
Htruction, no iron-work at all being emploved in them, render 
them Huiuble for the wild and uniunabited tlistricta in which Uw 
heads of canals are generally Hituated-* 

While the silt-trajM first built wore of little service, or had to 
be abandoned altogether, the Kalunga Canal silt-trap haa done 
good service for the piisi six years. The use of the double cham- 
bers becomes at once apparent on examining the quality of the 
deposits in each chnmtier. In the tirst two in chiefly coarse 
heavy gravel; in the third, coarse sill; in the fourth, fine silt. 
The laat was never deposited in the old silt-traps, but was carried 
ou into the canal. 

There were still, however, many faults in this form of silt trap. 
The dimensions of the cunal being still earrie 1 through the trap, 
the Velocity was very great; perfect stillness had not been obtained. 
It is obviously a mistake that the last opening out of the 
trap should be of the same tlze as the first 0[>puiug into it It 
was an error in engineering to have so great a length of fall at 
the end wall, ctanding en Cuir, while expoattl to tho full pressure 
of the water. From theiw considerations it became evident that 
an improved form of silt trap ought to have — I. The u{)en)ng 
for the exit of the water as wide as powihle. 2. The openings for 
eomninnication at the foot c^ the dividing walls of tho chambeni. 
I}. The end wall to be as short as potsiblo. These principles 
were acor>niingly carried out in the silt trap last built, viz., that 
ou the Kajpnre caunt. it will be obnervetl that the water passes 
out of the trap (Fig. 9] over a long weir. The length of this 
was calculated so that it ahoutd have oidy 3 inches in depth of 
water pawin;{ over it in the Tain% and not more than 1 inch or 
1^ inches ut other seasons. Thus, ordinarily, merely the auHiuie 
water passed over it, and the water was cleaned of leaves, straw, 
aud other substances, as well as of silt. The water was almost 
pnriKed, The ipeniugx of cornmuiiication, ab, are at the foot of 
the diviiling walls nf the chaiubers. The water thus pnssed on 
by means of pre^mre alone; there was no surface velocity. The 
water in the tirti two chamber^ was almost dead still. The end 
whM, M\, of the trap was made as short as possible. It waa 
strongly supported by the side wmU of the escape channel, and 
all diiriger of accidRnta was thnit removed. 

Other minor improvements were carried out luthe construction 
of this trap. It had been found to be very ditficnlt for a man to 
walk dowu the steep slippery floor of the ailt-imp to the Rates, 
which it was ofirn net'OBsary to do. Ste|i« were therefore made 
iu one of ihe angles of the tirst chamber of the new trap, and a 
amall flat cutalong the floor and through theopentngs,alongwhich 
a man o<>uhl walk. Advjintage was taken of the side walU of 
the G£ra|>e channel to throw a worxlen platform across immedi- 
ately over the gates, ni>t shown in plana. Holes being cut into 
this imme«liate)y over the end of the bars uf the gates, poles 
were kept ready ainn? through them, so that the bars coold be 
struck and the gate.<i thrown ojicn nt any moment. 

After the silt-trap was built it was found that tho action of a 
principle in hydraulics had been overlooked. The length of the 
dam had l>eeu calcui.ited strictly so as to allow of the passage oi 
the greatest supply of water over it nt a certain depth. The 
tops of the side walU were fixed with reganl onir to thia and the 
depth of the water in the canal. The vel(^ity ct communicatiou 
through the chambers was overlooked, and the heaping up of the 
water in the first two cliaiubers waa so great owing to titts, that 
the walls had to l>e mised to meet it. i*he diflerent degrees of 
level at which the water stood in the three cbumbci'x, was dis- 
tinctly marked to the eye. Moasaremeot^ of this would be 
intuieittiitjz and usefal. 

The litid water in ths flrat rhamlier of the silt-trap acta as a 
dam to the water in the uiuaL If piMaihle, there ought always 
tu he a fait iu the canal immeiliately above the Kilt-trap. 

Should it beoitue necessary actually to iiurify the water by 
means nf riliratton, as niay yet be the esse for the supply of tha 
risiugtowu of Dt-hra, an apparatu-H for the pur}KK>e could easily 
b« adapted to the silt-ini|). The dividing walls might have cis- 
terns at their feet, sunk below the level of the flooring, which 
they would spall by means of arelies. Those cisterns would b« 
lillwi with gravel, Maud, and animal clwrcoul, ituU covered witH 
perforated zinc plates, to prevent these materials from being 

* Tfati ftirai tit ^1* vu d«viud h; Lteai. Kdmund U'^Ikar, a( Urn Bnul Emtknem 
■Ix-n •upennuoiJeat id Um ckiuUi In tka DoQB, Ut wbuu stw lamt of lh« uuBnavntai • 
U Ibi eosUructiiM of tAMaUcUmiH in dsA, hji kl* 4aua, «Udl lOik jimtm lNJbr« 
bdU, la Jnlj, IltT, Uw U4iaB OannusMtt lost oac «! tu OMwt pmUlaf viBccn. 
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wjuhed up. The water would be fbrretl to fAaa through the cU- 
terog, aod would t^ie compleUly puriGtHl. 

The operation of GItratioa would however be slow, and the 
^It tnp woold have to be eDUreod to meet thin. lu fact, Mier- 
iDgtrftpt would be beat kept at>an from the irrij^tion works of 
thee*Bal,in which rapidity of discharge ia'the gnat poimftuughr. 
There ought to be a sepante oonatructiou for it. 



THE INSTITUTION OF NAVAL ABCHXTECTS.* 

BEB8tOEf 1865. 

Ob ths Gmporatitv Merit$ ^ the Ijongitudinal and Vertical 
SjfMUtM Of Iron ShipbuUdifUf^ by B. JsxEEy, Nnvkl Archi- 
tect of Danlzic. 

ArTRR reviewing the pmctical dilference between building 
uliipit in wood, and conitructiiig Oiein in iron, and the tendency tu 
import into the Utter ideiis dcnv«>il from the former, Mr. Jensen 
proceeded to remark on the slow progress of the adoption of the 
longitudiDftl syiiteni in iron shipbuilding, uolwithst&nding the 
proof of it3 Btrenffth end capkbilitics evinced iu the case of the 
GreAt Kastero. Ue stated tliat he woe now building t}ie Urgest 
screw Bteamer but one iu Daotzic, and proposed to give a 
description of her. Prefaciug this with a sommary of the 
odvanu^es of the longitudinal systura, and of the defects of 
tlie vertical method of building, he proceeded to give a detailed 
ootnparisou of her construction, weigbtA, and quantities, with ft 
vesael of the same description built on the usual plau in strict 
Accordance with Uoyd'a rules. The priucipal dimensions, &c., 
Are as follows:'- 

KS., <U0 tons B.O.M. 

]>ngth between perpeniUcolais ... 
breadth, moulded .. 

Dr]>th uf iidc 

DepUi o! bold 

EiiginaB, Tefticid, orerbeai], diiect-acUng, 90 HP. 

The longitudinal framework does not extend throughout tlte 
whole lengtli of the veswl, but only frunt the «tem to the after 
engine-room bulkhead, n diittnnce of 1>j3 ft. 6 tn. The compari- 
Bon of weights is as follows: — 

Lloyd's Rulca. \ow Kliip. 

cwt. cwt. 

TnuuverSQ ft^uniui; ... 414 ... ^'i\ 

Loiif^ttutinftl frmriing ... 172 ... SOU 

Skin 55* ... 194 



ft. 


UL 


3S5 





26 





16 


H 


15 


» 



Dtfiermco in favour of now ibip 
li>'4 per cent. 



1,021 
U2 



i.iw ... i.ua 

For sectional wea, Kr. Jensen slated the eompnrison as 



follows:— 



Lloyd'« Rules 
2<ew ahip 



■q. m. 
55.rt7i» 
39,1)56 



IMfltsrenee in favour of new ahip, S'O per wnt. 4,'<$0 

Mr. Jensen added that tf ihi^ phtin;; hrid lieen nvuXn of the 
aame thicknew as provtdeil by Lloyd's rules, of which, for 
reasonft atateil, he did nnt apnrove, the gain in weight would only 
have been 3*6 per cent, hut the g:iin in transverse section would 
have been 17 p«r oeot 



On Me Compotite Sffttem of Shi/Milding, at applied to i'asds 
qf War, by Alexander M'Laikk, Associate. 

AiTER remarking thst vowels constructed solely of wood are 
not likely again to bo built for the purpoves of war, and that it 
Atill remains necessary to nae wood, iu order to secure the pro- 
tection of copper or yellow metal sheathing, Mr. Kl'Iiaide further 
obaervea that the atrength nf an iron vessel is in her Hitin. and 
not in her framing; homn! the milution of the problem in not to 
bo sought in an iron frame with a wmHieu sheathing. Moreover, 
be attributes the rapid deslructioD of iron, exposed even in- 




directly to the- infiaenee of enpper sheathing, chiefly to the 
Voltaic effect of tlie galvanic battery, produced hy the infiltration 
or leakage of water impregnated with copper into the space be- 
tween the iron skin or frunea, and the outsido planking. He 
thence draws the eooduiion that, if the space last mentioned 
could bo kept perfectly dean and dry, without allowing tlie 
foul leakage to eoiue in uontart with the iron, the mischief would 
be iu A great maisure avoideit. The difficulties incident to 
keeping a vesael perfectly tight are very serious, and the author 
pmiKiseti, in preference, to keen the leakage free from the irou of 
the structure by building vessels with keel, stem, sterupoetf frame 
and outer planking nearly the same aa tboee of an ordinary wooden 
vewsel; but iuatend of the ceiling or inside planking being com* 
po^d of witml, it is u* bo cnDetrocte<l f>f inm, uniteil all ronttd 
at the bottom aud heels of the ve«wl, and made thoi^nghlj 
water-tight, forming a complete inner skin of iron, with benmt, 
stringers, keelsons^ bulkheads, platforms, Ac, also of iron. 
The greater part of the wooden frame to be merely of dimensions 
suHicient for bolting the wooden planking to, and to be inserted 
between iron frames riveted ail round the outside of the iron 
ceiling. The wooden frames tu he faatenetl to the irou frames 
by gjUi-anized iron foi-e-aud-aft bolts, either screwed or plain. 
The wooden d'xrriugs to be made deep tn the thn>at and stitfeued 
with plates on each side, riveted to the an^le-iron frames, nr 
iron floors to be fitted inside the iron ceiling to supply the 
requisite transverse strength. The apron, inner post, and deati 
wood to bu inserted between, aud bolted to large angle-irons, 
rivete<l on the irou ceiling. The outer planking within the in- 
fluence of the cupper sbeathiug to be fastened to the woo<len 
frames with screw treenails, or with yellow metal bulte. The 
top limbers of the frame to be, hy preference, composed of teak, 
and in the wake of the armour plating, thu spaces between Cba 
frames to bo lilled in solid with teak, ur with any other auilabJe 
material; the irou ceiling to be also iucreased in thickness, an J 
ndilitional webframes to be iutrodnced at intervals to resist shot 
and strengthen the vessel. Owing to the iron ceiling in the 
system of ennstmction described being perfectly tight, no foreign 
matters could get into the spaces between the frames to decom- 
pose in the bilge water, and generate gases injurious to nnimal 
life and pro.iuct)vv of decay in timber expoectl to their infiuenc^ 
These frame spaces, which would be kept constantly dry by fre- 
quent pumping, would, therefore, iw eminently eligible for the 
iutrcdnotion of a thorough system of ventilation through the 
vessel, by driving a current of fresh air tnken from above, 
thn ugh the box keelwu, theuce throiigh apertures in the h<Au>xa 
of the keelwiu ofiotiing into eiu:h space bclwoen the llixim, then 
up through the spaces between the frames, and out into the 
'tween decks, through apertures in the iron ceiling, gmted over 
and fitted with ailinwUible cuvem, ca|M&ble of regulating the 
amoQUi of the ventilation. The ventilation describeil would be 
of imoienae importanco in furnishing the crew, in any weather, 
with a reguhir and easily controlled supply of fresh airland 
would also, at a smnll uxpunsc, immensely increase the dura- 
bility of the vesael, and a throv-horsc'eogioe would prolwbly sup- 
ply power sutHcieut fur the venlilatiou of a ship of 3000 tons 
register. 



On Mi ConHruetion and Sktathing of Inm Ships, bv T. B. 
Daft, C.E. 

After pointing out the practical failure of paints and other 
coiiipositiouft to preserve iron vessels fmm foaling, or even to 
remain in clooe adherence to the surface, Mr. Daft uiviughi ri>r- 
ward a propoaal to re-wronge the plating nf iron vesaela iu such 
a wht oa to produce a fair flush snrOioe so as to afford a good 
founOniion for nheathiug. This he would obtain by leaving a 
sriace or groove between one plate and another in the skin of the 
ahip; theee grooves to be "c&nlked" or filled in with teak or 
other suitable uxaterini, pared off flush. ButtrBtmns would thus 
be required longitudinally as well as vertically; out Mr. Dafl 
considered the method to bo more advantageous as well as 
stronger than the ordinary plan of butta aud laps, besides con- 
ducing to speed. Without shciithing, ho cuusidered such a sur- 
face preferable for the reientiuu of paint or composition. But 
he preferred to sheulbe, and with ziuo. He stated that this 
metal not only preserved the iron galvaniaUly, but that tlie 
slight eicfoliation of the zinc itself, due to the vultAic action of 
the iron in pontact with it, caused it to exceetl both onpper ami 
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rellow roeUi Id cleanlia^ia. He pnxlucetl a specimoti which bud 
beau itam«raert for twenty-eiglit weeks in the sen off Southoud. 
The bare iron was ooaU»1 six or eighc inches thick with weed and 
bamulea. The zioe wu cleau, and hitd only lost a tweuty-fourth 
pari of iU original thicknesa. A apecimou of n nitailar cxpcri- 
BMQt had be«Q depoiited in tbe Naval Qalletj of the Suutb 
KeuiDgbon Mqmuiu. 



On a Propo$td Mtthtxt of Combining Wood and Iron in Com- 
posit* Ship*, by Michael Scott, CE. 

The author statcil tlint his method combine>I the strength nf 
the iroD ship with thr> cniMibiUty of being coppered atTorrled by 
Uie wooden ship. The leading fuaturea of the plan wen as 
follows: — 

First, the iron ntnicture— This with the following exceptions 
WEB deseribed generally as being similar to an oniinary iron ship. 
Tbe eice|)ti()n9 wer? — lat. The fnunea foi-med of T in>»t stronger 
and 8pA<.-ed fiirth>:;r apart. 2uil. Amidships and cxt^^ndiiig to 
the fiirthv»t forwartl and the furthest aft bulkhends, the vessel 
only plated to the lower turn of the bilge, the m*U only being 
plated complete. 3rd. The joints of tho plating all buttjoiots; 
the plates close to the fntnies; liners dispensed with, and the 
bull strips oatsida 4th. Extcuiling frnm the upper edge of the 
bottom plating to the luwer edge of the iihi-er strako, ii aeries of 
diafiou&la formed of flat bar-iron riveted to the plates at top and 
bottom to the fnimes, and to each other wherever they croea; a 
fnunework >a thus obtniucnl having the strength of an iron ship, 
bat it ia only a skeleton which requires flesh aud skin in order 
lo become a complete body. 

. The next step, therefore, is to lill the spaces between the 
frames solid with two thicknesses of wood, the outer thickness 
composed of timbers nianing parallel with the frames, and the 
inner thickness of timbers ranning at right angles to the frames. 
~'he outer thickness would be crooaoted and caulke-i. The inner 
lickiie-^ may, or mnv not, be similarly treated. And both 
ii«kuuMses would be faHtein!*! to lhi» tliiigoiials with iruii bolts 
ing through alt. If preferred, both thickneaacs of wood 
inigbt be placed vertically, the one covering the seams of the 
other. Til order to bring the surface of the woikI ontside, 6ush 
vith the anrfuRe of thu diagonals, the spaces formed by these 
would be tilled with thin boards in two thickoessca, one act of 
board:! Siling between the inner diagonals, and another set be- 
twi^tn the outer diagonals. Over all would come the outside 
plauktoff like that of an ordinary wooden vessel. It would be 
ttsteaetT by treenails or by copper bolts passing between the 
diagonals an^l frames, and through the several thickneeses of 
wood. ^r. Soott then proceeded to describe the detail of the 
construction of the bow and stern. The author considered it an 
important feature of his melhud that., wliilHt bolts are employed 
to keep the wood in place, the strain to which the voRset is 
cxposetl are not taken by these bolta. The internal capacity is 
as great in proportion to their displacement as in iron vessels, 
and greater than iu wooden vasseJa 
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On mnM Ma^nt Experitnet* in Marine Engineering. 
By KOBERT MURKAT, C.B., I.N.A. 

This paper was intended to give a record of Mr. Murray's 
experience on certain controverted points, of marine engineering, 
namely, snrfaoe condensation, combined cylinder engines, super- 
heating, the relative advantage of screwa as compared with 
paddles, and tbe durability of shnfls, 

Sur/aee Contientert. — It was found that the water, while A*e<e 
from salt, was apt to become very foul, the result being that the 
tubes of tbe condenser got blocked up, while the boiler wss ex- 
posed to even more rapid deterioration than under the lullueuca 
of hot brine. There was a set ufl^ but not an adequate one, in a 
diminiahe<l consumption of coal. Mr. Murray thought that, ou 
tbe whole, there wiis little or no saving iu tbetr um at present. 

Combined Cylinder Engine*. — 'By a comparison of tbe per- 
formance of the Poonah, Delhi, and otner vessels of the 
FeoinsiUar and Oriental Company, with the Saxoa and Ilomnn 
of the Capo Mail Company, Mr. Murray was led to the con- 
oloaion that there was no such advantage over the single cylinder 
!■ would compensate for the increased weight aud complexity uf 
tbe combination. 



Superheating. — Mr. Murray stated that it might now be con- 
sidered as certain that this process is desirable for alt vessels 
which make lon^ v^oyages, and which use expansion in the cylin- 
den to any connidemblo extenL In the amnller class of ooastiug 
and river st<?amers, where the trip was short, and the engines 
not worked no expansively, superheating did not answer so well. 
In auy case tbe tempemture of the steam at the superheater 
should be limited to 320° or SSKf at the utmost. 

Screw V. Paddle, for Ocean Steaming. — Mr. Murray considered 
that ihis question was by no means in a eetllml state, and dis- 
cnHNBid in detail the circiinist^tncen uiidrr which either method 
had advantages over the other. Ho remarked that screw veeseLs 
were often placed uader ctrcumataoces disadvantageous for com- 
parison by being underpowered, 

Shq^. — Mr. Murray stated it as an eitablisbod rule, that 
shafts, whether {Mddle or screw, will not last beyond a limit«d 
time, failing sometimea after five years* work, in other cases 
lasting ten or twelve yeare, but always being deteriorated by 
use. After discussing the cause and mannttr of this deterioration , 
he stated circumstances which led him to form a favourable 
opinion of the recent introduction of steel instead of iron for 
the shafts both of paddle and screw engines. 



On a Pmctieal Mtthod <if Meaturing the Circtt dMcrtttd bg a 
Ship, or of atcerlaining the SmaUtut Space in ahich a Ship 
can turn; by F, MAHTiK, r.N..\. 

ArreR pointing out the importance of mcuuuring, with greater 
Bccnmcy than can bo obtained by mere observation of the wake, 
the rliaraetera of the circles made by a vessel in turning, in 
order to test her steering power, Mr. Martin describes the con- 
struction and use of a simple instrument for taking theno 
observations with accuracy. It consists simply of a wooden 
quadrant, with a batten or index, carrying wire sights. A base 
is measured, fore and aft, on the ship's deck, and at the forwani 
extremity a line is drawn athwartships. and marked by menus of 
two batteoa fixed vertiadly to the shiji'K aide. The quadrant is 
placed at the other cud of tbe baae. When the helm is hard 
over, a box or other object, visible at a considerable distance, is 
thrown overboard, and the completion uf the semicircle ia known 
by the box oiming again in line with the battens. At that 
moment the sights of the quadrant are brought to bear on the 
object, and the angle which the object makes with the fore and 
aft direction, is then read off. The solution of a right-angled 
triangle is all that remains to be dous in order to find the diame- 
ter. An anxitiary table for the purpose had been calculated by 
tbe atiLhur. The author observed timt the instrument cost very 
little, and was very simple and durable. He added, that he had 
used the method repeatedly in testing tbe power of Lnmley's 
patent rudder when fitted bo the Columbine. 



On eonu RetuttM of the Lnmlty Rudder in H.Af.S. Shaemeii, 
by Hehrt Lcmlet. 

ArriR mentioning the adoption of this rudder tn several large 
vBBsets of war, and among others in the American iron-plated 
frigate New Ironiides, the Dutch ship of war Java, and others, 
ana qnoting reports from the commanders of H.M.S. Lizard and 
Columbine, the former to the effect of its especial value iu narrow 
and tortuous channels, the Utter of its efficiency in all weathers 
during a protracted cruise of more than 2G,000 miles, under both 
Bail and steam; the author proceeds to give an account of ou 
exi>criment at the Maplin sand, made in IT.M.S. Sheemesa, a 
steamer fitted with diseonneoting paddle-wheels which can b^ 
aeparatelv reversni. Steaming aneadj full speeil, several circles 
were made to starboard in 2 m. 4A sec, antl lo port in 2 m. 35 sec., 
the diameters of the circles being about three times the thip's 
length. From dead stop to full rpcrd the circle was made in 
3 m. 15 sec With one paddle working ahead and the other 
astern, the circle look nine minutes to make, tbe rudder being 
left to ilsolC With the rudder helping tbe paddles — that is to 
aay, starboard wheel reversed, and port wheel moving ahead, the 
rudder being to surboard — the time was reduced 4 m. 5d sec. 
Comparing this with the previous experiroeuts it was seen that 
tlie use of the mdder was far more effective in bringing the 



toS 



THE CIVIL KNGINEER AND ARCHITECT'S JOTTRNAL 



IXal7l.lt«< 



reswl rouDtl Ui&n the attempt to tarn her by dnving h«r sidea 
bgaiimt the watdr, even with the powerful leveruge oi boih 
padilles. 



On th$ Practical Limitv 0/ lh« Roiling (if a ifhtp in a Seawtj/t 
by W. FnoLUK. 

TuK maihernntical theory of thu uDrcsialeJ rolling of shipe 
iupHed that all shl^it whnno nataral period of oscillaliuD iu Htill 
valor w&a the (uiaie, would perforiu the same neries of oouilbiliou 
if exposed under the same iuitial ctuulitum to the iuiuie Boriea of 
wave«. And nutwittiRtaiidiog the uiudineationa which must be 
iutroductsl iuUt the nhalract reaalta of the theory, by iiupurtiog 
into it the couBideniliou of rcaiatance^ It seemed that we might 
•till predict thia ideuttty of behaviour, under circumataDCea 
hnviDg ioatruction rektivo to the probable behftvioura of armour- 
platod iiliip8. Tor, if with two a)\\\M — une of them aiiuour- 
phiicd — of identical dimenaiouB and form, identity of nntaml 
period, be secured by glriog to the ship with the less widely dis- 
tnbute^l nites, a duly lesaeued moment of stability, both would 
experiuuce precisely the same reaUtance In jierfrirniinf; the aamo 
muveuieiitti, since the velocity wotild be by bypothiAia the aiune. 
Aud tLere was ptniLBibiiity in the inference that their tnove- 
mcniB, which, irrespective of resiHtanee, woald be iiiidouhtetlly 
the same, would experience the name modifications in conaei]uenoa 
of the aameucsd of naitftaiK'o. But an important cause of difie- 
renee underliea this apparent eamenesa of coudltiona, and this, 
when traced, supplies a means of comparing the maximum angle 
of rolling which ditf^rerit veaoeU v.ould roAch each uudcr the dr- 
cunislaucvfi most uufuvoaraUe to it. In tntring this it ia 
neoeaeary to refer to the chamctoriiitlc f«atiiiX'S of thu two prin- 
cipal types of rolling &s it wnuld exist if clear of resistiuce^ in 
order to obsen'e how resistance operates in relation to each of 
them. 

1,^ — In the cumulative type, which ia doe wholly to wave im- 
puUe, nud eiub<.>dit:a its muxiinum possible etTect in each pnrticuhir 
case, u scries of oecillutions begiim fi-uni nothing, grows by suc- 
eeeaive stepe to a maxioinin, aud diea out by Niuiilar grndntiood, 
when the series re-oommeucoii, and la repeated throughuut. The 
numbor of step:; iu the aeriea, and the range of the maximum 
roll altaiotid, ate alike longer iu proportion as the period of wave 
n^urreuce mure nearly equultf ibe vhip'd natural period uf rolling; 
and wh«u the two purindci are equal, the ti-anait of each wave 
«liipB inipresaes on the ahipan exactly timed impulse, such as to 
lucreasti the range o( her uacillAtlou by an anfilc equHl to half 
thtt maximum itlope of the wave; the periods of aUvriinte maxi- 
mum iucliuaiiun oocunng when the ship is ai the crest of the 
wave, when ithe It-fuiii in the llin^ctiun of it» motion; :iod at the 
liuttom of the irongh, when she lc»nd against that dircolion; the 
range iucre;tsiug o6ciU:itiou by oncillAUun. The opprntton of 
reaistnuce here, neither Benaibly alt«-rti the period of the ship's 
oBcillbtiori, nor diBplacct its phaHc- in retaliou tu the wave phase, 
but simply limits the itccumulation of range by abetmciiug Uiu 
energy which the wave impulau imparta. The limit thus 
atuuned marks tlie maximnm oscillntiou of the oumuhitive 
type. 

2. — In the type of oscilhition of fixed range in which a ship 
tuay becon)e engaged with a given Whve series, the oscillation 
binst be derivetl from some previ<ma1y impressed impulse, which 
must have a due relation to the niin of the ship'ii natural f>eriod 
to the wave period, aud must be so duly timed in rolution to the 
wave phase, that theship's period bei-omee conformed to the wnve 
period by the auxili;vry recurring impulse. The mMta are up- 
right at the wave crest and in the trough, and their greatest 
iuclinatiuu in at thu mid-height of the wave; leniiin;; towarila 
the slope or from the slope, aocording as the ship's uatund pcrio<I 
excee<ls or fulls short of the wave period. The fined range of 
ii)t<:itlatir)n !» grmiler in proporlion an the aSip'tt perioil more 
nearly equals the wave period, and whin the two are equnl wdultl 
he inhnite but for resistance. The operation of reaiatauco here, 
while it contractji the fixed range attained by the oacillation, at 
the same time diBplaces itii phiiJ»e in relation to the wiivo phase 
iu suoh a tunnuer that when the )>erio<l8 of the ship and of the 
wave are eqiiid, the relation of the |)hiiaea becomos the siiine aa 
that appropriate lu the same c<^nditiou, under the cumuUtive 
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maximum oacillation attained under ^joth typee must 
Uienforo be tlie same; »o that it is sufficient U> determtue that 



maximum under the onmulative type, where its determination 
hapi'enH to be more simple and eaay. 

Thu maximum attained may be practicalljr gauged for any 
given Mhip, by comparing the rate of degmdatiun which resist- 
ance imposes on her oecillattoDs in still water, with the rate of 
aocumulatiou which wave impulse would impose on bcr if free 
from resiatanco. That rale of degradation, necessarily very 
rapid for osoilUtlona of large range, proceeds by shorter steps for 
thoM of shorter range; and we may find some nings nucli tliat 
the decrement uf range appropriate to it Hhall exactly equal that 
oonauujt increment of range which each syndironiaiug wave 
rocuiTeuoe tends to impreea on her. Kuw, if we comfiare the 
Btill-wator osdUatioo 01 the two identically formed hut dilTerontlj 
weighted ships, that of the annoui-- plated ship having a largv 
moment of inertia, will obviously lose range by the amalJer atepa, 
since the euurgv- abstracted by reaiataucc duriug a given awing 
will obviuuslv uear a smaller ratio to the whole eucr)^'y embodieo 
in that ewing, with her than with the other; hence it will be id 
an oscillHtion of more extended range that ahc will cxperienoe a 
loss of range equal lu that which the wuve tends to impress on 
her. The ahip with the more extended weights will, under the 
given oircumstauces, roll ui'.ire deeply th.\u the other. It fullowa 
that on the whole, an armour-plat«d ship, when engaged with 
sycbrunising waves, will roll more deeply than a sister ship, 
diSerind ouTy by having her weights more conoeutrated, so that 
it is ou the whole unadvlsable to attempt to staady a nhip by 
"winging nut the weight;" and though it ia wiae to secure ease uf 
motion liS far as poMiiblo by raising the ship's centre of gravity^ 
yet it is only if the rcsistanoe follows some power of the velocity 
leas than the ^qnnre, that the maximum angle reached is thus 
at all reduct^l. Heuce, atucu the inevitably considerable dis- 
tribution of wtfights in everv ship renders it impoaaiblc to 
reduce the ladius of gyration at pleAsure, and since prudence 
forbids the elevation ofoentiTe of gravity beyond a certain limit, 
the only remedial arrangement, certainly within our power, and 
oertainty ethcaciouB, is tu increase the oo-uffident of resistance, 
whiuh cstii bo effected to almost any extent by the addition uf 
extended b>lge pieces, which if frnmod with a doe ntteution to 
strcn^iUi, involve no neoeasary disadv:tiitag(.> except a small 
increase of the ship's reaistanoe. For though, on hasty rc6co- 
tlou, it may Lw thoughc tlmt the proper motion of the particles 
of water of which an ascending wave slope consists, tends to 
aeizc the bilge pieces nearest the wave, and to cant the ship's 
side iipwnnls by acting on it, yut fint, these proper motions all 
take place with a vulocity relatively so alow that it« ettects tuuat 
be all hot inappreciable comjmred with the moment of statical 
force which the wave h1o[« would put in operation. Moreover 
a pair of cijnal bilge pieces placed each ou the turu of the bilge, 
so that th<'ir planes would meet near the ship's centre of gravity, 
tutersecting at right angles, will in fact each blnioet precisely 
neuirnlise ihe disturbing action of the other, siouU as that is. 
This is readily seen on iuppecting a diagram illaatralive of the 
anntomy of the wave, iu which ii appears tiuit a [tair of planes thoa 
placet] and hinged at their intersection, so as to o|>en and cloee Hk« 
a book, and inioraect each other at right angles in their moen 
poBtUon,u.'nd simply ilma to open and close, eacli equally deviating 
from its mean posiLiotj as the wave passes, causing lueauwhile no 
disturbance among the particles which they touch; and thus, the 
correNjHJiiding bilge pteees, eodeavouring to follow the motions of 
these itlanea, would each at the same moment aud iu the anme 
degree tend to elevatn or to depress the side of thu ship to whkh 
it is aliached. 



On a Xew ^frihod ^ Ventilating Shipa of War^ and of 
o/fmitting Water into them a»it etmrit^ it Oj/ain; by Rear- 
Admiral Sir Edward Belcher, CJB. 

After describing the measures taken by him to slow and 
preserve the pravisians, water, and stores in H.M.S. Eina, and 
iu the Erebus and Terror, aud to secure ventilHiiou in these 
vessels, the author turned to the methods more pccnliarly 
adapted tn Uie present day, when iron is used for tlie hnildiog 
of ships, aud ia available for their littings. Paesing in review 
thp disndvantagca attending the pre9^nt system of storing water 
in small aepnmte tanks of a couple of tons eaeh^ filled and 
emptied thmngh a hole in the top, diflicult to ^t at, and Dot 
contributing iu any way to the strength or safety of the ship, Sir 
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RclwfiH |;nv«eedod irv recomraeud the adopticD of tx«4 ccl)«, adap- 
t«<l to cnntam tnch about 30 toDs occopying a tpsce of 8 X 8 X 13 
f«et, uid ft«citrely fitt«<) with a noan-hole, raptble of beioe cloei^, 
»o M tft V»e eoinplet4>Iy waicr-tigbt. Hf then desoribed the niaii- 
oer in whirh thorough Tentilation might Ke ■ecur«d, and how, if 
necesMry, these tAnlcs or cpIU might b^ filled with air, to the 
sxclonon of water, in case of injury to the yeiisel. Similar raan- 
bolvs, with well-paebed covers, were recommended to be fitted to 
•verf Mparate compartment nf the vessel, such a--* wings, coal- 
banken, and the tike. He also diflcniMiKt the nrrang'^nicnU to 
be made for floodinji the majazino when nfceaaary. The water 
would be obtained from the-se tanks by simply leading the pnmp 
hoM into tticm. For mm, Sir Kdward propoie<l a dtfT^reut 
trruigement, namely, forcing air in at the toji nf spirit tank, 
and sending ap the rum by diaptncemcnt, throuj^h a tube open- 
ing iolo the bottom of the tink. But the anlhor considered the 
moAt imnorlAut piint of the cellular tJistrtbutinn of the ship's 
hold to be the control which th«> crew of n vessel would liave 
over auy water outerinsj by means of leakage, for by boxing in 
HDV portion above the leak, nud forcing nir in froui above, the 

vLer would be displaced, and the hold more or less completely 

leored of it. 
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On the Dttign and Construction o/ doublti-eiuled Sitiys of tFur, 
by JoHK Kessedt. 

Arreaatating the chief fjnalities which lie omsidered that a 
vaan-of-war should poMeas, namely — 1. Good f u-m of immerse^l 
body for propulsion. 2. Complete comranud of steering. 
3. Great transverse and longitudinal stability as well aa 
buoyanoy. 4. Strength combined with lightness. 5. Konniines*: 
aod 8. Suteliueaa of appearance— Mr. Kfnneily descrilwrl some 
dranghta of vessels designe<i with the view of meeting all these 
reqairemeuts iu a very high degree. He Bubmitted drawings 
and a detailetl account of a 6nt-cl&sfl 20-gun frigati<, 470 1 tons 
B.O.M,, and of a fir«t-rate ship of war, of l!,8r.6 tons, B.O.M., 
both double-ended — not Iww and stern alike— hut with two 
propellers aud two ke«lB having an arched Boor between them, 
but terminating forwards in a beak or ram. TrnnBVor»«ely, the 
▼essel is divided by its chief vortical section at T*i;lhs from the 
how, into R ship-formed forebody, and a ii»li-»iift»ed aftvrbfjdy. 
A reserve floating power, proportioned to the displacement, "is 
given to the ahii> above the plane of flotation, cuvereil iu bv a 
ftabstantial platform, and pnttecteil by plating or otherwise. 
The whole of the available space in the hold Iwtween ihe upper 
deck and a certain dialauce below the defenaive armunr iu the 
bottom i» propo.<ied to be constructed of nmall cells like a honey- 
Oomb,of very thin and li<fht metal. The vessel is inteiidoil to 
have an outer skin of xinc some 3 or 4 inches ont«ide the proper 
shell of the ship. The oonstmction and fastening of thi» skin 
was fully described. It is to be covered with a composition i»f 
limo and oil to prevent fouling. Details of the dimensions and 
arrangement of the maata and yants were alto given for a firat- 
TMt man-of-war on this system. 



On an Improwd HydrauHe Ship Li/i, by Captain T. H. 
McKii.ij)p, R.N. 

Captaiit McKiLtor, after remarking on the necessity of dock 
aocommoditicn ahruad, and llie imjK>8aiLilitr of procaring it iu 
certain cvmntricB, and ontlic diftadvantages oj^floiitiug box-docks^ 
deacribed Walker's patent hydraulic shipdift or Soatiog dry 
dock, cotiaiHting of two aeries of pontoons, Imviug a skeleton 
trar suspended between them and attiichcd, by means of heavy 
pitch ch^im;, to hydraulic premies, by which it, and the vessel 
npon it, can be raised to a BUthcieut height. The pontoous in 
each aet are held together by longiluiiinal iron keel-ions, so that 
the failure or removal of any one will nui cauiw mischief. The 
sdvnDtAgc-H claimed for it weie — 1. Complete dryness; i. 
Keady access to b1| parts; 3. Sinipliciiy, and easy renovation, 
from it* constituent portions being duplicates one of auoiber; 
4. Dispatch iu iu use. The coat for such a dock, 300 feet in 
length and SI feel inside breadth, is estimated at from ^30,0l>0 
lo i'40,tHtO. 



CEEEDS ASX> TESITLES: THEIR RELATION TO ONE 

ANOTHER IN PAST AND PRESENT TIMES.* 

By H. H. Stathasi, Jan. 

With the fall of mouasticism, however, aud the rise of a 
purer faith auder the influence of the tteformation, we again 
wilne.'Ut the decline of temple architecture, which has aerir 
since reassumed ii.<4 old power, or produced a style peculiarly its 
own; for that of St. P.-^nl's, and other great churches of the Be- 
nni.-isance period, besides that it was iu great measure a coiHed 
and not an original style, arose from feelmgs and moUres quite 
nucunueuted with religiou; and it is not neeessarr to go into 
any proof of the neglect of iuternal beauty and decoratioD iu 
churches since the Iteformation. In the present day we have 
change*] all ibis, and we pride ourselves on having r««uscitati^ 
church architecture, and look with a smile nf pity on the works 
of our grandfathers. But have we after alt h^i much right to 
Inngh at them ? Are wo iu such a very aatiiifaclory state oar- 
selves 1 

It is remarked by Dean Stanley, in his lectures on Eoclosias- 
tical Iliatory, that no word has been more debased la its signifi- 
cation than this same word "ecdesiastica]." "It has come to 
siK^nify," he sajrs, " not the religious and moral iuteresta of the 
sticial commuinty, hut often the very opposite of theae — its 
mere iiccidculnl, outward, ceremonial mnchinery. We call a 
contest about the ahoHtion of vestments eocl««tiaBtica1, not a con- 
test about the nboliuou of the shtve trade." And aurelv we may 
see this feeling but too well imi^ed in the state of chnrch archi- 
tecture in the present day. P^r what is meant by the term 
" ecclesiastical architecture " by the raftjority of those who make 
most use of it r Not the provision of building.t auitablu to the 
worship of the present day, and exprrsaiug in llieir style the 
mora enlightened and reaaon;*h|e faith which has succeeded to 
that of the Middle Ape*; but lather of buildings suitable only 
to a form of worship lu which cromontes aud sj'mbols were all- 
important: and the spirit of which exists no longer but in the 
ideas of a few enihunia&ts iu whom love of ecclesiastioil prece- 
dent ha* over-ridden every other feeling. We have large and 
deep chancels for the.iccommodation of a priestly hierarchy which 
no longer etists, 6tied with stone ndUia dd wldcli no one would 
think of siiUng, and in the most recent instances railed acrosa 
the front to protect the clergy from the intrusion of eongre- 
gattous who really, on the whole, are very orderly and well- 
behaveii; receptacles for holy water which has long ago lo«t its 
efficacy; funts placed, "for symbolical reasnuB," near the west 
duor, so that if a bsptism is held in the course of tlie ordinary 
service ttie wogregatiou nmy chfRise Wiweea remaining with 
their backs to the minisc^'r or sitting on the backs of the seats, 
We are so us«l to these things Uiat we almost forget their 
absurdity, but it is aninsing enough to see the same thing in 
another country It appears that tliere i.s a sect iu the Itussiau 
cliurch who are possessed by the same mania. I quote again 
from Dean Stanley: "These churches have not u single feature 
that is uot either old, or an exact copy of what was old. Hie 
long meagre figui-es of the saints, the elaborately minute repre- 
sentations of sacred hisftry, are highly characteristic of the 
more than resttiratiuu of Medieval times. The church resounds, 
not with ths melodious strains of modern Russian music, but 
with the nasa), almost puritanical screech, which prevailed 
before the time of Nic-un, and which is by them believed to W 
the sole, orthodox, harmonious, aud angelical chant," But for 
the name of the Russian patriarch Nicon, this might be a de- 
scription of one of our own imradise* of Kcclesiologiad Archaism. 
Some of our "ecclesiastical" architects might surely advertise 
for a dranglitsmao in the language of Falstaff, — "O' for a Sue 
thief, of the age of two-and-tweniy, or thereabouts !" For even 
the accidental faulu of tlie style must be copied. Because the 
Mediepval architects occasionally commitle<l the gross artistic 
blunder of bringing dowu a heavy buLLress upon the roof of a 
purch, therefore this shall be perpetuated in a modern church, 
without tlif slightest reason or eiemic whaixifever; l«e»use they 
decorated their iuternal walls with artificial jointiug in coarse 
red lines, we are exhorted to follow so noble an example: be- 
cause they could not draw the hnraan figure, nnd loft ample 
proof of their in.tbility, our stained-glass wiuilowa shalt exhibit 
portraitures of saints, looking, as a modern writer lias said, 
*♦ like starved rabbits with their usoks wruug;" and our chancel 
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walU sliftll be pAiuted or inlnid with grotcvqae ()|rar«a, pro&nely 
put forth u repreaeuUtioDS of the Deity, and which at leiut do 
not tranaftreas the secotid ooiamAudtueut, as tbej are evrtnioly 
not tho likenne of nn^thiotf in heaveu or enrtb, or Iho waters 
under the earth. Qniitiug, however, thia painful eubject, let ns 
conHiiler what are the real objecte to be attained in a luoderu 
churcli Bervice. nud what the real requiretnetitA of the plan. 

The public worship of tho prettcut day hiaj be defined thus, — 
it is the lueeliu^ l^jjetber of a namber of people profesaitig tho 
situie f:iith, for the exprviKtuu of iiu-iQiraoiis pniyer and praiae, 
according to a preacribed form, the mass of the worshippers 
bt'iti^ led in their prayers by niinistei-a ordaiood fur the parpo»e, 
aod m tbeir mu«tcal service of praise by a certain number of 
people more or lew trained (generally »m). There are, iheu, 
thive diviaiobs of worahip|>er« t'^ bo provided for — the ctei-gy, 
the choir, and the people. And 6rst, with r^rd to the people, I 
muBt proteitt against an idea t)mt lias lately been pnt furth, that 
their part of the charch id to be treated aa an auditorium, nod 
plaiutxl, in fxct, on the Huma principle as a theatre. Tins can 
only reaalt froui a very HU]M;rlicial view of the aabjoct; for 
sorely there ia a great difference between the meeting of a 
cumber of people tn witness n dratuattc performance, iu whicli 
thoy take no part whntever, and their enjoytuent M which 
depends upon their proper opimrluntty for hearing and seeing, 
and the meeting of the same people for au uxpressluQ of their 
own feelings, in which they onght all to join, and the f<>mis of 
which they nil have, or may nave, id print before their eye*. 
"that it u practically oeccsnar}- that the clergyman's voice should 
be heard I admit; hut that tlie church should be planned as if 
this were the one object, and an if t!ie [leople were met to hear a 
spftech or see a spectacle, I eutirely deny. Tlie principal point 
to hu observed i% I think, that all the congregation should have 
the lomiing-dejk, tho pulpit, and the comniuniou-table within 
their view; .and on this account I think that tliree*iiioled churches 
are, on the whole, to be avoided (unless the side-aisl'-s be used 
only for pasHagu} aa the view can only bo rcodeiod clo»r to all 
the people by the utw of thin iron Rup|K>rt« for ilie clercNtury 
walls, a device fatal to architectural ctfuct. Long transepts, also, 
are of course quite iaadniiadible. I should consider a separate 
bapUatery a very desirable Addition, as tho practice of holding 
hnpti«ma during tlie couriw of the ordinary service is being dis- 
used, and it is very conifurtless for a dozen or so of people to 
meet in a large and ofien cold cliurch. Wiih regard to our 
seoond division, the choir, it is only necessary that they should 
bo placed where they will bo tolerably conspicuous and well 
beardi and that thfy should be divided on oppoette aides of the 
church for antiphonal singing, an effect too beaotiful ever to 
lie given up. They are generally at present placed iu the chan- 
cel, iu front of the com m union-rails, thus entailing the double 
advantage of placine the dingers where their voices are much 
more conBned than tney would be in tho nave, and of removing 
the clergynifii), daring the Communion service, as far as posidble 
out of the hearing of tho ooneregatiou: an amusing instnuce of 
the blunders people make by following prece*leut; tor the choir 
sat within thechunoel in the e'lrly times, not btKaiuse that waa the 
best place for them assingen;, bnt because tliey were always mem* 
bfrs of the clergy, aud therefore to be separated from the people. 
Theoiure the choir are maile lo feel as a part of tlie cougrt'giition, 
the better, I suspect for their derotionid feelings. The cleriaU 
requirements are, firstly, the chanoel, which iu the present day 
need only be large enough for tho celebration of the Protestant 
Comrauiiiiin service, and for which the simple apse of tlie early 
churches furnishes the be«t possible model; the reading-desk, 
which should t>o placed in a convenient piMition on one side of 
the Apoe; and the pulpit, wliiclt muHt bo placed where the 
clergymaii may be tx^t heard, the sermon being the only part of 
the service where the people <lepend entirely upon bearing him; 
with this limitation, that it nhoidd never be planletl cunapicu- 
onsly in (he ceotre of the church, as if it were the point to 
which everything else was subordinate. A vestry, also, is of 
course rcqalred for the clergj-nmu, which 1 think should bo a 
tolerably large room, capable of c'Dtaining a buokcaae, if neces- 
aary, and of affording comfort and convenience; not a mere cage, 
ftcarcely large enough to turn round in. 

The introduction of a lirger aud tiner class of organs into our 
churchee than have hitherto been found there, claims some 
coiiaidemtion, though thin has beeu tttraugely neglected; and 
whilo drnwjugs are furnishe<i by the architect for every bench 
ftud hinge, the largest aud mo.^t important piece of furniture In 



the chnn^ U left to the tender mercies of the oigu-huilder's 
joiner. The usual position of the organ, in a ehamoer built out 
from the chancel, U almost the worst iu which it amid be placed. 
It should be where it has Jree space to sound, not where the 
sound is driven down and smotheml the moment it is emitted. 
In ad<lition to this evil, the placing of the inittrumeni between 
two or more outaide walla, aud with a lonf clone over it, exftoses 
it to every change of temperature, which not only alters the 
tuning, but makes uad havoc with the delicate inlemal meehao- 
ism, and nuL a few iustrumenUt an* now l>eing mined by beiuf 
placed iu this imsition. Where it is neceasary to pUce an organ' 
Ao, there shouUl at least be a dry area in the wall, and a ceiled 
roof over. 

The question of style is too important, and at preAcnt too 
difficult a one, to be tacked on to the end of a (taper; but 1 ni»y 
veutnre n, few remarks on general prtuclpl&t Altliough I do not 
aiull advocate the direct revival of the Gothic style, or think it 
fitted to express the feeling of the present dny among the 
of the people, I nevL'rUieluKs think it very importaut to preserv 
the fueling for breadth of effect and deep shndow in the mould 
ings and oruanientatiou so conspjcnoua In thnt style, and 
admirnbiy suited to our iinrthern climnte, of which It appears 
me to have been the natural outgrowth; and while makiog j 
due concession, in the design of a church, to nineteenth oeDtnry' 
ideas of comfort nud civilization, I would avoid ever^'thiag Lik« 
littleness and tawdrinetw of effect. A cborab is not a drawings 
room, nor is it lu be 6tt«d np, as a writer sugs^ted lately, wiui^ 
curtains and draperies ana a^m-chairs, atm overytluog with^ 
which tho most ordinary aesoctations are couiiected. It is a 
legitimate field for the display of architectural art iu its higheetj^ 
form, — architecture of that lasting aud durable character chat 
tteat described by the word *' ninnnnieutal." I should vei* 
much widh to see the domed form of roof more uimmI. It is 
difficult form to manage externally, on account of all ita line«,^ 
on a near view, receding wi fast from the eye; but iDteroally 
there is, I think, no etfect comjjarable to it, aud a church is evaeo- 
ttally a bidldiug for internal effect Galleries, I thiuk, should 
be Hvoidevl, if possible. However well manftged, they detrmct 
very much from the general effect, and principally, I believe, for 
this reaaon, that the impreasioo produced on the spectator by ft 
fine and lofty church is much enlmuced, even without his kuow- 
iug it, by the evident fact that itts so much more lody than is 
really necessary; that the piers and arches, the dome, ur the 
high-pitched roof, are carried up to that height purely for artistic 
effoct. Place a gallery there, and you immediately weaken 
this idea by luggeating that, afier all, the cxti-a height i» neoe*^ 
B.ii-y to give n»m for the upper tier of worshippers, and tbft ' 
whole thing is more or lem ntilitnriAtiized. 

In looking back at tins history of church architecture, there it 
one consideration, at Icsat, which is encouraging — there is wm«*j 
thing left for ua to do. As 1 have endeavoured to show, thcrs 
has not yet been any style complete and artistic in itself, aud 
expressive of the highest and purest form of t'hristiau worship. 
It is left to us to ongiuate such a style, aud 1 ae^ no reason why 
we should not, if we go the right way about it. As the descen- 
dants of the bndders of Lichfield, CAiiterbury, Wells, and 3allft>, 
bur)'; as the possessors, since theu, of a Literature aeooud only tol 
thut of the Greeks, we surely are not by nature an in-artistic 
nation. But I sus|>ect the secret is that we have no fixed prin- 
ciples, and t^ice no trouble to tix any. Occasionally, writers like ; 
Garbctt, Fergusson, and ilnggins, startle us by suggesting that! 
all is uot tpiile right, in spite of the architectural activity goinu 
on around us; but uo hiating ituproasiou is produced, and thing*] 
siHiui to gii ou much on the Harae principle of accidental selectioOfl 
or no selection at aU. It may be answered that the MediieTikll 
builders did not trouble Cheiiiselves about principles. I believe. 
th<>y did nut; hut they nevertheleas worked ou a priuupte — that 
of ebboratitig the detniU best suited to the climate, "iipon the 
plan best suited to their rvqniremouts, and of always doing the 
very best they oould according to their lighu If they were not con- 
scious of these principles, it was simply that they were never 
tempted to overstep Iheui. Hut it is utterly impossible, in the«e 
days oftravel,to place ourselves in ilicsatue po8itioD;Aod it is only, 
I believe, by atteudiug to priuciples, nud by gKiog these principles 
ou a certain bivsis, that we can guard ounuilves ugainst the iudi)^- 
criminate copying of everything that atrikea our fancy for the 
moment, Perhapn the stu<Iy of tho history of previous styles, 
with their aurrouoding cii-cumatauoea, is uot the worst way of 
attiiiuing this; aud I believe that one very great step towanU 
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regulating and reatraininK our taatM would be an incr^fised 
atleatiuu to ibe i»iu(ly and drawiog of the figure, aa an accessory 
to arcliitectuiT, iu ilmt 1ii;{lieMt Htylp of art of which the Greeka 
have left us almost unapproachable examples; and iu their 
tamDlcfl had frieies and KolpLure represeutiii^ paB«ai;«H iu their 
IDVtiiology, I aee DO reaAon why ours should not also be adorned 
With ban-relief«, in like inaDuer, representiug aubjecta from 
Biblical aud ecclesiastical history ftaking the word ecclesloRtical 
ib ita widest souse). The healtliy luQuence, at any rate, of ench 
a Btudy would perhnpa deliver ua from the incohua of synibollain ; 
would render it iiupOHsible for our eyes to be pleftsi^d wiih the 
sharp» angular, briaUiug foroiB, the quirka, the crmkle-cnuikle, 
Ul« utter abaeuce of repose ur buauty of line which characteriBe 
muoli of what is called "mwlern Gothic," but ii based upon 
priociplea (if any) widely differeot from those of the real Gotbe; 
and woold surely do more to reanseitatfi church architecture 
than the delineation of starved-looking angels with wings red on 
one si'le aud grceu on the othar, or ibau the moat careful 
arrangemeut of dat brickwork iu the m(.>at elaborate coloured 
p&ttdnu. 



THE STEAM BOILER ASSURANCE COMPANY .• 

Tsa total number of lupections uuulo by the offioers of the company, 
in tbe eirurvc of tbv year, tvaa 23,641), of which 770 wera internal, aad 
3331 tluiroiigh uxAiDioAlionji. Althoagh thu Utter coiisidorably exoeed 
Umu nf any former year, tliey yet fall iihort of what is dMiraUe^ on 
aoooiiDt uf the comparmtivGly few oppairtutkitin afforded; the oWDan of 
boUen b^iog, in gvoctaL unwilling to ulli^w any stt^page of tlicdr iaa> 
ofainery for (bii puipow. Tbo opportunities for thoroogfa cxuniQati<in 
ant, tMrefore, DKWtly limited to annual bolidayt, and Um oootiional kton- 
fiage ef work fmn accidental cao^ex. In unlt^ to impron more ttmngly 
Upon tbe assared the Importance of tbeee examinations, circulars hare 
been bsued drawing Mtentioa tu the subject, aiul at the anuic tiiotr ptnot- 
iug Out the Deceanity of baviii^ the 6uea luid undersides of boikm properly 
cl— awl, without which a oatiifactury rxaiDiiuUiuu ih impuwible. Fre- 
«(aenUy, wbeo ao inspectiir hwi been Hont a long tlutaoc^ by special request, 
be kM found, <m orrivAj, that no prepamtioii lubd been made, so that 
both bit time aad the expense of his journey have boun thrown away. 
I have bcfoCQ called alteoUon to this subjtct, but its impurtanoe induoes 
me to do »o odoo more. 
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The priudpal defects reported were u follows, — 
, Fracture of plates aud augla iron 

■ Conoaian of ditto 

^^—^ 8a(«ty valraa out of order or over-loadod 

^^H Pnmura gauges out of order 

^^F Watar gauge* ditto 

W The attention of the awured bu huen directed to tbnte and many 
f tainor defect*, and remedies «ugg«flt«d when necouaiy. Having lo fully 
ejcplained the eauMs of such defecu in previous reports, I sboU ooufine 
my remarks on the pseMOtoocasioc to such faeti as prowotsoaw oovslty, 
or which, for other ressoni, seem tleserring of more partJcuUr itotioe. 

Fraeturts. — The dangenniH de/aota under this bead which frequently 
ooour OD the uadenides of bontn, near tbs middle, have been before 
dflsoribad; but there are one or two points In referenoe thereto on which 
H uuy be wcU to say a low words. I bave exphdned that in the case of 
boilers with iutcmal furuaces, lucb fractures ore atLributablo to uoc<iaal 
capansion, and tmy generally ba prevuubei] by bo amoigiug the external 
floes that tke products of oombustion, after leaviiit* the intcnuJ floes, pass 
fint along the umlorside of the boiler towanU th« front, and tbanoe retum 
by the sidea to the rasin flue and chimney : also, that the iniiertiQD of vertieal 
or diagonal water tubes m the internal flues, by fkcilitating circulation of 
the water, is oondacivo to the same end. That explosion does not mote fro- 
qocntty take pbwe when such fractures occur, is evidently owing (o the 
iolerual fluva aotaog as itaya fw- tie-rods, and thun rclie^'ing the plabca of the 
ahi^ of a portion of tlie lon^'itudioal strain. With plain cylimlncal boilers, 
bowereTiOaTiti^ no longitudinal stays, the ride of explosion under such cir- 
cum st i ooes is moch greater, and it not unErequeoitly happens, that hi>ilen 
uf this oonstnic^Q explode U the ordinary working preniurv, n-itbuut 

»aoy previous symptom of defect. In many instaacee, such fractures 
naoh tmm the objuctionable pracii^ of ruiming off the water (or clean- 
ing, befun* the adjooont brickwork boa hod time to cool. The ooaaeqoi>nt 
overikeating of tbe lower plataa caiues elongation nf tfau trailer oo the 
undeiaide. which then becomes ooavex in tbr longitudinal direction. On 
the oooling at the brickwork, oontraotloo and oonther change of form 
take nhwe, and the Mvete stminbig to whitA the plates are subjected by 
the alteniata expanshm and contraction ulttmaiely produoas fracture. 
When anoh butlers ore sosnendad by bohs and nuts from oresa beams or 
girdant, m is cntnmoo in tne North of EngUnil, it has been observed, 
ttadar the oooditions nwotioned, that the expansion of the bcnler oo the 

* AbtUaot ti Xa0amal Eepoit lor rnr Itiei. 



underside has ratoicd the ends, lifting the nuts by which thuy lud pre- 
viously beou Biupendul from ^-iiioh to inch akrvo the girden*. 

MorcoTor, irlwii ro^uurinjf luch bcMlcrs, too little Attention ia generally 
pai<l to tbo aocorato fitting of tbu pUtM, and the importance nt retaiiiiirt; 
the cybadncal form. Wbore bolee do not oorrespood, "drifting" is 
resorted to, and on oompletion of the repairs, the boQer is often vmiki-r 
than before, the platos being already stcasned slmoat to the limit of thnir 
strength. This accountu for so many boilen of tim coustniction ha^-in(; 
cxplodad shortly aftvr Imving uadergons repairs. 

In cunneotiiin with thin port nf my Rubjeot, T may here rdate a remark- 
able oocurrenoe which recently came umlw my notice, giving fortlipr 
evittenoe of the Kvero strains to which boiten are eometimfs subjected. 
The boiler to wluoh I refer is 33 feet long by T feet diameter, with ivm 
fumaoa flaos 2 ft. 7 in. diamoter, made uf -j^incb pUte«. To each nf 
thcM fluua, at the middle of their loogth, ao angle-iron rtUij; ia 0^*01100, 
with a piece of plate hetweeo, ^ri^ ^ ^" ^^''^ together. To the 
□pper part of each ring, other pieces of plate about 15 mcbes l>rond Uy 
'^iuch thick, were originally attached, anil secured by rivete at the otbu- 
oud to the Kbcll of thti Itoiler. Haring ftvquently liad evideooe of Uw 
evil efTcvts reaultiDg from this mode of Cwuticcttng flues with the shall, 
I rscommended the removal of the plate stays; but iuatead of carrying out 
my su^^ij^tion, these stays were merely detachetl from the sheU by tMting 
out the rivets at the npper end. Oo resomiog work after these altertt- 
tions, the attendant was suddenly alarmed by a loud report, acoompanieil 
by ttreat vibration of the boiler, evidently the result of a severe blow. 
but ho was unable to discover aoy defect in tbo boUcr, or eauM uf tlw f«|Mirt. 
"ntifi WON, luiwever, repeated at irrc|;ular intervale, twu or three times, ^n 
that and eubaeqoeat days, and u-roalwl much uueaainoss in the minds of 
tha owD«rs, who th«i«foi« wrote to me «■» the snbject. On hearing the 
particidon, and leanuog no inquiry that the stays still twnaiued attached 
\i> the flues, I again advised thutr removal. Tms waa accordingly done, 
and ihnre bus naoo boon no repetition of the oooonvnce. On exanirna- 
tion it was obwrved that, although between the shell of the bmler aud 
one nf the stays there was a space of not less than j-inch, and J-inch in 
Uie COM ot the other when tha bniW was not at work, yet b'>th slay 
enils hail come in ooatact with the shell in the (xmnn of working. It 
appears therefore, that when exposed t4) the heat of the fire, the flues, 
by expaniiaD, had risen In tha middle, briogini:; the Icoger stay in can* 
tact with tha enrvad surftwje of tlie shell: a* the expan^oo of the flues 
continued, a severe strain would thus lie tliruwn upon the stay, aud at 
oertiun times, when the heat wm at the luaximuiu, further expansian «( 
the flues hs<l t^eo place, sufficient to overo>>roo the friction of the sui^ 
fac«H m contact, and pn^uou lateral motion of the flues, »ccom(iani«d 
by vibration of Ok whole boiler, caused by the vtrikiug of tbo »tny» 
ogoiiuit the shell. 

Another inotaaca may be mentioned, where in a boiler 30 feet long, the 
fines 3 ft. in. diameter, made of ^'inoh plates, were found to rise 
{-inch in tlw middle, the working preasure of the boiler bmng 5U lb. per 
sqnaMinch. 

TUs mution of the floes explains the cause of grooving or fracture, so 
often otiMwed in the angle-iron rinpi by which flues are attached to the 
cads of lioilnv, a result anat fnjquent whtfru tbe viidH ara too rigidly 
Bta>'e>]. 

Corrotion. — It will be observed that defects undur this head arc muvh 
the most numerous. Many of the boilers inspected have been found in 
a moat dangerous oonditton, and there can be httle doubt, that but for 
tbo timely detection of these defocta by tbe ofEcera of the company, tliv 
number of explodoiiB must h^ve been oonaldsrably iacpaased. The thn-e 
principal causes of corrosion are these — defective workmanship, dampnuoi 
i)f the seating, and acids lu tba water; the remedies (or which ara teU> 
evideafc, and need not therefore be repeated. 

Boftt^ rofstt. — Ttdr^-ooe boileta were found working in great daogM-. 
owing to the aafety-valvas bsing entirely iiiopvrative. In many other 
coaee the valvbs w«re greatly orerloaded, and I must again dr»w Atteu- 
tion to the very prevalent, but moat objectioaable, pnetioe of attaching 
extra weights to safety- ^-alve leven. For example, I may mention one 
instance where, in addition to a large weight of 80 lb. attached to the 
lever of the valve, there waa alao a piece of 3-ioch wat«r pipe, a buup 
of caat-imn, and a podcatol bclun^ng to the engine, weighing altogether 
42 lb. To another, besides tbe |iroper weigbt, were attaiuiad a east-iruu 
ball, a piece of 4 -inch pipej tbe flange of another pipe, and a piece «)f 
wronsbt imn. Another case of ovarioadii^ ia desomng of noties: at 
the fiirvt viVit ot ono of the inspecton, to examine a botkr propoaed for 
insurance, be found by calculation that a uiuUl lex'er safety-valve, with 
which it was providoil, was loaded t» 10(1 lb. (ler M(aarH inch, althuiigh. 
aoconling to the gauge staam blow off freely at t!l\ lb. piaanare. Thi' 
owner disputed theaocomoy of the inspector a calculations, and apparently 
with some ivaaou, iuasmudi as steam blew off at tbe same tim« horn one 
of Uopkinson's patent safety-valves, with which Iho Ixiiler was also pp" 
vidcd, the pressure graduated ou the ki^'er btnuj; nnlv 00 lb. per squor*- 
inohi On subsequent exaininutiou, however, it was oiscoveren that this 
voire was ovarlnued by extra wrightn attached to the lever inside tlu* 
boiler, aud that the prsaturo eauge inilicated 43 \ lb. leas than tbe ,vtual 
proasum. The extra weights oad bei-n atta^b^J unknown to tbi' ■'■wiht, 
and not improbably under the impcessdon that tbe actual load oa tb* 
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v*1ve dUt not escood thai indicfttod hy the gaiago. The faiaimnoe uf the 
boilsr WM d«ferrcd for some manlha, in order bbnt tbe voJve shnald be 
oumetiv weiglited preiriou* to ttuunnofl; but ultiniitely iho b«Qer was 
ndlacoa by & new one, which the owner Htwlmed to inauK. 

llw facility with which Hofilniuon'a and oinuliu- taIvm esn be over- 
loaded, u in thn fimseiit oau!". or m 1 Iiavn knnwn in other oaw*, l^ 
nUoiog a piece of woud between th« utti'ld lever uid the iheU ol the 
uotler, ■ B itroQg argfumeat againit their Adoption, ootwittiBtAiidinK 
my utber merit they may pOBMM. 

AtKther valve nf the laoia mniatruciino was found tnoporativo, Uw 
%-alve 1«ing helil down by meaiu of ao inrn har, secured bv a prop 
fmu the roof of t\tt tx>i]er hntue. 

The la«t example I shall (pve U one where a aafetyvalva wne in- 
cloK>d in a box. the egreu fntm which had been olused, and an inch 
g»a ptyie attached for the furpn«? of tcsting^ tubcA, » imall tap being 
htSKTled iu thii pipe to admit or shut oft iiteam at pleasure. At the 
time of itiapectinn, the inspector found that the con^Iensed Btcam which 
bod aocntDulated in the pip«, had become fronm, tenderuig auy CHCajie 
of alaun from the boiler impi^uible. 

Pragma Oaitgt», — Since Utile r&Kance can be placed on the aociiracy 
of many of than gau^ea, it a exceedingly deahnblfi that every boiler or 
•ct of boDen should be pro%-iiled with AD Iiidicatttr tap, Bxcd on the 
main rteani pipe, to euabte the offlcera of the company, at any timr, 
to ItMt lli<i accorscy of the gSQfn, as, notwithittaoding npAAted wam* 
iiigii, the dangsrous practice of weighting eafety-valvea to accord with 
prewore gauaree in itJll very pn9%-atent. The tmportanoe of thift 
•uegeetien jiutifiea me in refn>ating it. 

Water Gaugtt. — In pcfcrcncu to these, little nwxl he said. In ad- 
dition la tlwt largo natnbfr reported "out of onler," many others have 
Ih-ui found in a very unRatiiifsntory oondition. Nu mounting attAcbed 
1<> A Uitlnr require* greater att«'iitir>n than the water gauge, aa defidency 
nf water vt hy far th<> niont fruitful iiAarc« of ijiinger. Among tlw 
boilem insured. 101 canea of daScieaoy of water have l>e«^ reported in 
Uit) oourM of lltn year. Of Iheae 34 eiicap«d injury In cjnso^uenoe of 
being p<n>vided with Allvn'fl fuiible caps; tfas mu»iiid«r were move or 
Ibhi injure-], and have been repaired at thu oonpany'ii oxpwnvt), at a 
ffHrt uf nearly £1300. but 1 nui glad to sat none m thew accideDti 
were attended irith low of life. 

In niR iiiRtanoe. wbcru an impector fimnd a plain cylindrical boOer 
working with ituufficieucy •.A wat«r, it was mitxisAiblo to aaoertain the 
actual k'vcl of the water, hut twenty tninnlcB claptx.'d before it reached 
the tevftl of gauge, the fniniji being in full i-pttrutiun the whole liut;. 
At a previoua vMit of ibo ini>poGtor the bnikr was fnuuii in a nimilar 
i^riilition, atiil •■» lioth oc«a«i(^n« tbe attendant allcgH lui an excuw 
thut it wa« UnpuMible to drivu the raachincry if the WAler wna kept 
at the proper hni^t. After each vint a re|»rt was aecit to the aesured, 
txriiiting mit the gn>at dangiT ii/ciirred by tbli rccklcai mode of work- 
ing, and on tbe second occnmon informing faiui that the oitnpauy 
wnulil nrtt hold itaclf rodpoitsibtq fi>r tlte mnMeqavnocn, if the practice 
wwv per^twl in. Thi»« liad the deain^l effect, and there ha* mDoe 
lieen w* oauae of complaiut. 

EitplvtionM — Tlw number of oiplosionf* and the consequent loas of 
life in the p««t year, have twi.-n Iom than in the preoetUng. In 1863, 
fifty-ooe explotionn, raoaing the Inat of ninety lives, came under niy 
wttJM; in IHm forty-three esplonions, with a loaa of ecwtuty-four 
Evea. 

The following table, though probably not comprising every Axplosion 
that ha* uceurrad, may be acoejtied ai approximately camlet:— 

Iron works and foundry botleni ... 9 oau^g the loss of 32 tivM. 

Coal and other nuiwa „ ... (f „ „ 11 „ 

Lucontotive „ ... 6 „ ,, 4 ,, 

Agricultural engine „ ■■■ 1 » •• 1 •• 

Ste«mbnat „ S „ ,.7 „ 

Com mill „ ... 3 ,, .,6 .. 

Saw mill n .. 3 t> „ 1 „ 

Flax mill „ ... 1 •> h ' t< 

Snk mill „ ... 1 „ ,.1 M 

Blptach works „ ... 1 ,, t> 7 ., 

Ohmnical wnrirs „ ... I ., » D „ 

CetneM works, flint mill, and brickyard 

bnUen ... 3 ,1 ,i ,, 

HouKe 'Iu. ... ,4. 4*> 8 <■ 11 8 ■■ 

B<til»«ni for otlter purpoaea 2 „ u ^ it 

43 74 livM. 

Am in prevliiup vean, it will be ob*erv«l that iron-worki and minea 
KtiU rctitin an unenviable pre-ominsncc for b-iilcr «xpli<0ioos and destruc- 
tion of life, but in cotton wills not a single explosiuii haa been recorded 
for the year 13'i4, 

Tlie t'ltij rmridwr ^f expliHiiona that have oomt under my notice 
aiiice the fiinnation of this company in the year 1S59, is S'l?, by which 
41t-< Evc" hiivc Utm nacrifict-d. Eight ef tho boilen* which exiJf»d*d 
¥rers immrwd, vix,, four plain cylin'lncAl, and four intemal-flued Imilfni. 
None of the former gave any evi'!.jnce <»( defect previous to explo«nn. 
but exploded under wie ordinarj- working presaun:, without any warn. 



ing -if dangvr. The platas ware not redooed In thioknos by cramaiOD 
but liail avideutly deteriotated in quality from tbe oAuses AlrsAdy ex- 
plained under tlie bead of "fractures." Of the intamAl-lloed bmltn, 
m two CAMS exploeion resulted from tbo same cause, rupture com- 
mencing on tbe underside near the middle, without any prevtons kakag* 
or cnrrtwion of tbe ptat^. The other exploaiona raanlled fnm dsfiBCla 
which could not have escaped detection had the boilen been tboroogUy 
examined. In one of Uuw; eaacs tbo inspector bad seen tbe bmler 
only three days previous to the ex^onon, and being doabtful aa to Ita 
couditaon, had then requested An opportunity for ihoiTMigh ciaminAtton, 
which it WAS Arrangen should take fdace within a fortnicht, but in 
the meantime the boiler exploded, in conseqoence of oormeinn indnood . 
by leakage. The other ezptomon took phwe on the 2Stb May last, 
at Meen*. John Davidson and Sons* com mill, N*woaBtl«-oa-TyBe. 
Ttua butler, which wae made in tbe year lSfi6, waa 39 feel loug by 
7 feet diaawter, and contained two furnaces 2 ft. 9 in. diameter, oon- 
nected by means of a combustion chamber with one intwnal flue, abovt 
3 ft- 'i in. diameter at tbe back end, but somewhat oval at the jtuc- 
tion with the combustion t^uunber. The latter was strengthened on 
tbe upper side by four strong bar stays, with tie rods to the shuU. 
and on tJie tindenidc by a bar of S-inch angte-iroa, OMUwetcd alao with 
llie stirtl by rui:uns of a plate Htav. TIkk wasy ntateoTtr, a nmilAr 
plate Htay at oarb side of tbe chiuuber. 

Leakage having been nbeerved, the boiler was stopped tnr repun. 
and on examination tlie leakage was found to proceed nom tbe drcolar 
Beam at tbe junctioa of the internal flue aitd cmnbostion chamber, an 
the underside. The Ixrttom plate uf the latter being oonaiderably cn*» 
rodcd. A piece of plate abaut 2\ feet long by 8 incbee wide was cut 
out, and a thicker pjeoa AuUtitutcd. On completioa of h:pain> the 
boiler waa vnbjeoted to hydraulic pre«ure, bat not being tight, tbe 
eeam was again caalked. On the foUnwing day the boiler was put to 
Work, and biul only been at work a few honn when the Hoe collapsed 
at a pressure of nl>out 45 lb. per iqnare inch. On examining lb* 
boiler tubseqtiently, I found that fracture had taken place at the cir- 
cular seam, whoru it had jiut been mmired, the old plate having in 
all pntbability been Btrain^d by the dnfling and caulking. 

This was evidently tbe immediate cause of the accident, but not tba 
only defect- On further examination I found that thsre had bean on^tr 
fiicr rivets through the plate stay and angle-iron on tho bnttmo of ibe 
combwtion cluunlwr, and these ^ad all been fmctnred for a conaiderabl* 
length of time. The underside of the chamber may thun be uid to hate 
bi-en without any atay whatever, and therefore totoJIv unadaptcd to so 
hi^h A pressure aa 45 Iti. per square inch, the usual worKiug preasurvkk 

The fractum of tbe riveta ivas obviouely attributable to the uneqoa 
expftusioQ of tbe flue and ihelL tbe evil effects uf which have alzca^y 
beeu rafeired to. Tbe insecurity of the stay on the underside muat have 
bc-en olecrvod by the men engaged in the repairs, but they ^pcar to 
haw Iwfn ignormit of its importance. Ko opportunity had bt<en given 
for a thorough examination by the company's inspector, nor was the cosn- 

e,nv nuulo aware of any repairs having Men ma-ic until after the Accident. 
All intimation of tho repain been given, tbe boiler would have bteo 
examined, and the nccideut prevented. 

Another explnsidu, fur wbich tbe oompuiy was liable, oeearr«(I on tb* 
22nd March U«t, at the Vaahy Irua Wtirka. near Derby. On tbe 16lh 
Febniary pntvious, all the boilere at thsse wnrkH had been inspMtted, and 
with the exception of leakage at some i>f the seams tiver the 6T«a they 
were found in good condition. 'Ilteae defeote were pointed ont and 
repaired. 

Thu U)ilt9r which f^ploded was cylindriooL with hemispherical ends, 
40 feet lung and i> feet diameter, made uf platca j-incb thick. 

It was the third in a range of eight boDcni all of tho same dimenaioai, 
rnvJe in tho yoar I'^S'tt, and provided with similar mouninsa. Each had 
two lever safety-valves 5 inches diauMter, loaded to 8<t n>, per aquan 
inch; two float water-gAuges, one of those being t»nnected with the feed 
valve, and tho other with an alarm wltistle, to give warning in oaee of a 
deficiency of water. 

One of Smith's prensure gauges was 6x*d outside the angtne-bonM for 
tbe guidanuo of the tiremt'o, and another imide for the tlsa of tbe eogna- 
man. both gaugw were attaofieri to the main steam pipe, and woold 
therefore indicate tbe prewure of all the boflen working. With ihe 
sxcoptiun nf a slight diKnpaiicy betwtiuri these gauges, the motuitliigl 
appear tn have been in iwrfvcl order. 

llie boiler referrcl to was torn asunder through the line of rivets, at 
the oirculiu- seam of the »eoond plate, about S ft. d in. frrim the rn>tit end. 
Olid divi<l>-d into two parUt. Tbt? larger portion, about ^1 4 feet in length, 
was pn)jci:tod about 40 yards in a direct line from its urigical porineo, 
without much injury to itself excepting at the end, which was ennpletdj 
shattered by ooiuing in contact with un cmbAnkmeni of slag and other 
obstruotiims. 

Tbs other portion of tbe Imiler wan projected a distaueoot nearly 100 
yards in the contrary direction, striking in its flight a large wrougbt'trOB 
tube made of ^-inch plato^, which it ctit in two, carrying a piace of It a 
a considerable distance. This part of the boiler hsid n»o«aily bean 
rajkaired. 

Nun« of the platits gav« (jvidawe uf duficiency of water, and it ia quite 
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tb« explouoii «u not doe to thU cftUH. 
faDwwer, to aiocrtiiB tka rwU wdw. 

Flrani tb* af^MtfiuiM of the bottom pUt«. wlwM ru|»tar« lud com- 
BMOOidt <^ *'*' cntUat th&ta fr«ctux«haaexislMl (oraooM (UyH, probably 
of no gnftt ertuit at Om first, but gndtully dxtaadiog bum nvrt-boM 
to rivat'hole, antil m^t 1ms than 6 feet or on«-thinl of tb« ctrcuiRferMww 
had beoooM fncturod; the primvy cauie of siioh fnutunv, ai bos been 
Already itated, b«iflg kba exotanre itrain U> -which certain part* of a 
boQer are subjaftod iu oonsequeaca of tinaqual vxpanikjit. Tbo abttcnoe 
ol oorranun UNnnd tba fraetun to haT« be«n of recent data, anil tbe 
•ridnoe of qm af tlia men who sxamined tha boiler internally, about 
ti^A (layi praTHMu to the aocadent, ahowt that it nniBt haw conuocDoed 
nee thial Ume, or had then been of mull exteot, and thus Mcapad 
Dotiea. Than undoubtedly must have been leakage previous bo tbe ex- 
plmriffn^ bttt ai this fractured eeam was bey<md the bridge it would be 
Mtcoaly perceptible [rum tbe fire door. 

The lap of the bothim plate where rupturad was fouml to be very 
brittle aod of inferior quality, bnt the remainder of thin pUta wu wry 
good. This ioeqnalify of the iron may be partly attributabU bo the tlame 
in pirrtng tha bridge implngiDg upon this puttcalar wain, where tha 
ovariapping of the plates would render them more liable to injury from 
OWIllllWlliiU It is worthy of notice that, according to tbc evidcnue of 
one at the fireioen, thr prsaeore. which ■boitly before the accidvut bad 
bees M hi^h as 60 lb. per square inch, had fallen in oonseqoeoce of fresh 
fuel banoK been thrown on all tha firea, and did not exceed 47 lb. per 
•qoare inch when the ex^oaioa occurrod. 

It may seem somewhat lucrviiiblf: tbnt a boiler which bod BUfltained a 
pr t— or e of SO lb. a few minute* prenous, iibuukl be torn asunder in tbe 
giwinw deecribed, when tbe preesura wee reduced; but Ihia lb not a 
solitary instaooe where eucii has been tbe oass. Anotlwr exploeioo whioh 
I bad occasion to inrestigate in tbo preTiooi year took pbice under preeisely 
Bunilar cin.-umstarux'S. Where such a fracture as here described hu 
oommenced, if tbi> plate be subjected to tension and the action of tbe 
fire, the rvnt opens and leakage eususi: but this, if obaerved. which from 
tbe position of the fracture is frequenUy inipoesible, aaldoci ftttxacta 
mod) notice, beinft soon stopped by Uie deposit. Whenever fresh fuel is 
thrown upon the &n tbe temperature of the fumaoe ia reduoed, cnuinng 
oontraction of tbe pUtoe. By this altamate cxpaoaiuii and contraction, 
tvpeatad at short intervals, the fracture gnulually extends, imperceptibly 
ntfodng tbe Anngth of tbe boiler until a mooient arrives wbeo it is no 
IftQger wa to sostain the ordioaiy working praasttrs. This haij evidently 
been tbe cause ol axploeion in the present imianee. 

i may Btata that tbs buntine prcsaure of n boiler of the dimcnsious 
above ^veo, and made of gcK>a material as this boiler appoan to have 
been, would be not lest than 400 lb. per square tt>ch, if subjected to a 
uniform ttrain by hydraulic proecure. 

TtitM boiler, tbcraofe, being ccmpamtiveir new, mi^t with good reason 
bav« been considered safe to work at 60 lb. preeeuru; and so far as an 
opbiioa ean he farmed from the evidtnos given at lbs inqaes t , tberv did 
Mi appear to hare been any symptom of danger or gmuada lor apprs- 
benaion prior to the accident. 

Tbe third and U«t explosion of as injured boiler took place on tbe 24th 
Jane, at the Clarence Iron Works, Middlcibro'-on-Xees. Thia was also 
• plain cylindrical b«>iler, 80 feet long by 5 feet diameter, with bemi> 
apoerical ends. It was made in the year 1$58, and at tlte time of tbe 
Mcidsnt was working in conne<-tinn with eight other sJmiUr boilers, at a 
mssore of 82 lb. |>er square inch. It was heated by gai from blast 
fuiraoea, bat bad also a Gre underneath as ordinarily applied to such 
boQecB. About right days previooa to tbe aocUant it waa Btopped for 
deaaing, and three of the plates over the fire were replaoed on account 
td fractarea. Rupture appears to have commonced at the second cir- 
oolar *eam fxxtm tbe front end, a little bo the right-hand aide, through 
tbe seam of an old pkte, where attachod to une of tbe new oih« above 
CfloTBd to. ThctMK it had cxtoidtKl in an iiregukr manner, dividing 
the fint 9 or 10 feet af the boiler into severaJ pieoe% but otherwise 
doii^ comparatively little damage. The hamlspbcrical end was pro- 
jected apwardd, but coming in contact with tbe large gas tulte conveying 
gas frMm tbe blast furoaoos, it had reboundnl and fallen biu-k upon tbe 
rigbl-band side ot the boiler, while tbe oth«r piM>e« wert^ found lying on 
tiio other tid.^ Tho rom&indcr of tbo boiler was movicd back upon its 
•Btting about IS incbus, breaking tbe tteani and feed pipee. None of 
the at^oining bniterM were injurwl, and with tbe exception of two or three 
men being slightly iKUilded, no one wsa hurt. 

On examining Ihc; pIaU--i> I fouud most of them of good qoality. but 
the plate where fraclunt Itad commenced, aiKl one or two otlicni, were 
v«ry hrittle. Tbe whole of the plnlce had in all urvbability boen of good 
quality ori^^inally. but some of thoee expnsod to tha dtrvcft action of tbe 
fin-. a(>p«ar to bavo detvriumutd from ovsriiaating. 

This explusiuu, wbiub presauta another example of the uncertainty «>f 
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Aooiber accident, vhiob may be ooBttdersd an axplonoD, Ibouf^ Tti7 
Umitod in extent, is deaerviug of tpeeial notioe, inasmurfi as it proves 
beyond dispnto thai explosions may, and sometimes do, occur from a 
cause whidi hitherto bas often heaa deoiad. 

Tbe boiler to whidi I refer ia eylindrkal, with hemispherical ends of 
{•inch plates, made in tbe year ISM. It is provided with two 2^ iitch 
safety valves, weighted to blow off at 40 lb. pressure. On Haturday, tbe 
29tb October, a little before 1 p.m. the firemaa was iuddenly surtled by 
a loud rvposi^ ami imm«>liat^y throwu down. At the lamc iuitant 
steam and water iasaeil fmm ihv fire door, but being a little to one aiite, 
be fortonatetr eecs^wd injury. 

On examinipg the bcolcr, I found that about 8 feat beyood the bridge 
there was a hoUi in one of the platea, of an irrwpular triangular fom, 
about 7 indies in length and 4 inches ia width at toe base. Tlic (»eoe of 
plate blowD out was oent close back against tbc underside of the boiler, 
remaining attached at tba base for about 1 J inch long by | inch. Arouud 
tbs hole, in tho insids^ was an accumulation of dc[>ont, extending over 
an area nf about S| square feot, from 1 inch to 1^ inch thick m tbc 
centre, and giwlusJly reduced in thickness towards the outride. In 
othar carta, the hoQer was almost free frum deposit, but tbe mrfaoe of 
tbe pUlas bad a greasy appearanco, and at tbe back end there wu a 
emallpatchof depoeitoithesaiDekiiidas that justmentioaBd. Thodcpusit 
was found to \m composed of greaae and earthy matter*, and ignitod like 
a piece of wood when a match was applied. I cau only attribute tho 
prMttOOs of givaa«, cither to its inlirxluLliun by tbe attendant, which be 
would not aoknowledge, or to ila intruducUna with tbe feed-wator, wbiofa 
at timos conveyed grt—s or soap bum some ari^botiring soap works. 
The fead-iHpe ^vimd tbe water about IS inches Irom tbe oeutte of lb* 
bole in the pUte, on the side nearest the firo, and 10 ioohes from tbe boi- 
t<^m o( tbe boiler. Prom inquiry, I ascertained that tbe feed bad beat 
turned on about tan ounutea or a quarter of an hour previous to tbe 
accident, aiid tbo platu itaelf showed evidence of its cooling effect on that 
side. 

( .'oniideration nf all tho circonutances relating tn this re mark able 
accident has led me to the conclutiion, that after the plate had become 
red-hot in oonsequenoe of tbe deposit, the latter had become lonieaed. 
and fracture taking place, either in oonsequeum of the cooling effact of 
tbs feed-water, or from some other cause, water bad penetrated the 
deporit, and intervened batwsMi it and the red-hot plate, which mart 
have produced a sudden and exoeesivn generatioo of ateam, suffioient to 
cause rupture. Tbe quality of the iron waa good, otherwise the ruptoro 
must have extended, and resulted in a aeriotiB explosioa. Tbe dunaffs 
did not, however, extend Iwyond tbe single niate referred to, and tbe 
brickwork of the aide flues. 'The boiler had been cleaned twelve days 
ppjrioDs to the aociilent, and at that time there was no deposit an tUs 
plate, Dor any appearance of defect. 

Although ia this uutanoe the attendant denied baring tntroduosd any 
oil. tallow, or other greasy aubetance, I have fouud it a common praclieB 
to throw into bailers old cotton waete which had bovn uhhI for olpaning 
the bearings of theenginea and shiftinff. iindi-r tlie impreeaion that it 
farilitated the removal of tbe scale, 'rhc practice ia. bowcver, a very 
objectionable one, inaamncb ai the «1 eombbung with imuuritira in tbe 
water, forms a g>«asy iubataace, wUcb, iriieo precipitated on the platea, 
prnventa contact of the water, cauring ovsrheating of tbe plates, and at 
times very serious injury to the boiler. Where ei^asi steiyn from hi^- 
pressure eugines is used (or beating tbe feed-water, oil and tallow &«m 
the cylinders are heqeently wmm^ alocig with tba water to the boiler, 
and pnducB tbe auue results. A rimple remedy in such eases is foiuid 
in the intnHluction of cauiitic soda, which, by fcnnln^ a aoaft which 
remaina in solution, prvvoub* tbc pracipitation of tbe gioaey deposit upaa 
tbe ^tes. Tbia, in combination with surface blowing off, has proved 
an effectual remedy, where prcviooaly tbe repain of tbe bailers were a 
suuroe of constant annoyance htui expense. 

The most diaastrons «xplo«i<m which occurred in tbe ffwree of Che 
vear Ux^ place on the 17th Fvbniiry, at tbe Aberamaa Iron WoAs, 
in South WalM. By this acci.ient thirteen panona lost tbedr lives, and 
many others were seriously injured. Tbc botlete were not insured, hot 
at the requeet of tbe corooer I gave evidence at tbe inqnest. Tbe par- 
ticulars are as follows. 

About half-past three o'clock in the aftemcon of tba day pwotiatiad, 
two of tlie bnilen suddunly exploded, spreading destniotioD in all 
directions. Theee U'-Ucn were tht^ fin«t and eucund in a range of aevan, 
five of which were cf the a&me diroeruions, vix., 40 feet long by 9 feet 
diarueter,*made of ^th plates ou tbc under side, and |-indi platee t« tbe 
upper side. Each cDuuiocd an lutenial flue 8 feet diameter, made of 
4-iodi pbttsB, thniugb which tbe products of oombustioa paaaed on tbor 
way to tbe abiran«y. after baring first trmvereed tbe left and then tbe 
rigfaVhwKt side of th(^ bnjlor. The firanrrate, which waa external, was 
ts feet square, and about 2( feet from tbe bottom uf the boiler. 

No. 1 and No. 2 boilen commenced work about tbe middle of tbe 
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bo^vsof this construction, can only bv attributed to detorioralien of the ... . __ _ . _ 

lion, and umluo etnumog of the pUlrt from the cansee alreaily year J847r and were therefore more than rirteen yean oU, dunn g wbiwh 

exptaine*! period they bad worked night and day. On tbe main steam |ape batwaea 

nL a«d miiny rimilar explosions lead to the coaclosioB that longitu* tbeee hoilere was fixed one lev« safety-valve 8 incbei di a mw l er . Mid 

dlMl stays, which have hitherto beto deemed unneoeaniy for boien of between No. 9 and No. 3 was umilari^ pbued another safety-valve of 

Ifah ooostniction, ate wsaotial for tbrir salety, ti^ aame dimcnsiooa. Eech of tbe other boilen was provided with a 
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L 4-iacb Bafeiy-valve. All tboe t«]tm wera voigfated to blow off nt 40 lb. 
||ranire. xbe othu* iaoiinti»(^ oomutec] of one SoAt and two g»u(e- 
tnda For «uA butler, uid one prawure-giuiga fixftd Id tbo eonne-hooM 
of tlw blut-^nyuie. Two of the boileiv, No. 6 and 7. whi(£ wero of 
more noant midce, were plun cjhndhcal boilon 60 feet long by 64 fff>t 
iliunetcr, miuk of ^th pUtea. On the d%y of the ftcctdcnt aix of tbcoe 
boikn were warkin^, but omng to a breakage in tb« mill the tuill-tni^iie 
had been itopnod aI MTun o'clock In tin muniing, soil about ao baur 
befon tfae ox[iI(nROR tho blut engine wiw kIho itofiped to uack the pUlon. 
Bafore iloppuig- the latter, however, ibv dampen of all toe boilen were 
doaed, ana tlw firea "damped;" and ocn^rding to the evideooe of one 
ot ibe fiieniDn tbe pnaaun at tlie ttiui: ol tlw exploalon did cot cxoeed 
40 lU por aqoare inch. No. 2 boiler appearB to have given way fimt, 
and with tbc exception of about 6 feet of tbo abcll at tbc firing cml, waa 
[trvjooted nearly in a direct line over tbe work's fallini^ nWut 00 yar^Ia 
froiu itx nri^nal posititm, mrrying vnih it the internal flue, which, 
a«pttrtitin^ fmin the abell in its descent, waa thrown snioe yards furtlicr, 
Hiititainiii^f little Injury. 

So. 1 boiler, which waa nlao divided into two portjou, had been 
•-•leratcd from ila aeat to a coniiderahlK height, the largar portion tailing 
tifKin one (if the rootA over the puddling ftimaoca, bringing tbeae to the 
IpTund attil biining aeveml of the wonmien in the ruins. Two-thirds 
of the internal Sue remaitie<l attorhetl to tbia part of tfaa ahell, but the 
other third waa projectcil far up tbe bank in a contrary direction, and 
the remainder of the ahuU, being that It thi; firiiu; cud, waa found lyinft 
near the 3tt>ke-hoIe of No. 5 boiler. There vtm no symptomi of coUaptfe 
in cither of the flnca, and from tbe appearance of the platoa of both 
twilen* it wu evident there bad been no d«ficicncy of water; tbe explosion 
could not, therefore, be attributable to this csuae. 

Aooordtng to the evidence of the manager of the wnrka the expknioo 
of tbcao bolEara waa not timultancoiu, but one immediately followed the 
other. It is probable, therefore, that on the vxploaiou of No. 2, the 
violent cnnciimion sustained by No. I ha^l bei^a the inini«liate cauite of 
ila 4^)ij>Ii>Hion. 

An ^^xamiootion of the plaWw removed all doubt le to tho causo. Tbe 
whole aarface of the plates below the watar-Une wm oorroded tn a moat 
ranarkablv manner, picaenticg the appianaoe of honeycomb; and at 
Uie aeama the platoa were »o dimply grooTod aa in many placea nut to 
exceed |-inch in thicknraH, and tn aotse plaoea ereo leia. Tbc rivcV-hvads 
had alau ■uffiered from the aame caoae, many of them being entirely 
destniyod. Tbeae efltKta were moat marked in the platea over the fir«, 
and along the left-hand aide, where nohjectod to the meet intenac beai. 
Many boilers iu Laneaaliiro, fluppUed with water from the Hochdale 
canal, or from coal miuea, are aioularly vffeoted; but I have met with few 
ewei where the oornwion bad procMued ao far as in the boUeni of wlitch 
I haw been speaking. 

Vxam the avidenoe of one of the witnoaaea who had charge of tiKae 
hoOets from the year 1845 to tbe hitter part of 1861, tbvy appear nut to 
haw imffered fraa oomwioa tmtil about seven yean ago, when mtet 
from an irou-atoue level was allowed to eater tbe atreain which supplies 
the wtirbi wiUi water. The 6ah in tbc atroam tfaeti died, and tbe water 
was obaerved to have a very destructive effect upon iroa, 

Tba* bsong little or no tlcprmt nn the platoa tbe oorroaion oould not 
haVB eauaped ootico, indeod, knowledge of the convudon vm admitted. 
FlatM had actually boen urderml for ua rerpairs, but tboiio iii charge do 
not appear to have been at nil aware of tbc immiueot danger iu which 
thv b»iUni ItDil been wm-king for many ntoutha. I can only accxiUDt for 
tliiit uudtT tht auppueiti^m that they, in comniuu with many others, moat 
tuivc itntMrtaiiied tho erronuous opinion that however dL'fM'tive a boiler 
may (« from fmrtvre or corroaton on the und#nude, explosion will never 
tAk« place provided there be a aufficlent supply of water. 

After an inquiry which laatcd tho better part of two dayn, tho jurv 
f>>and a verdict of "accidttntal death." o^xompanyiRg it with the remartt 
Uiat "they had no evidence to abow tliat thuae in charge were reajKinsible 
fior aiich Bccidflnt." 

la nfiDKnce to anotbvMplotioii, by which five persona lost their liven. 
T may mentlcm that this boUer was formerly inaure<l, but at tbe (fxpir&- 
tion of tbu brat year the renewal of the policy waa defsrre*! on accoaot 
uf tbe defective condition of the boiler. In reply to my letter pointing 
out tbe defccta and the oeoeasity of repairs, tbe owner uiformed toe that 
he had had the boiler examiaed by a boilermaW from n highly rapcct- 
able firm, who reported it perfoctly safe, and, therefore, unleas the 
(xunuany won wiUmg U> coutinui: tbc aauraooc of the lK>ilcr io iw actual 
oMidttion, the policy mutt lapse. Having full c^^nfiiloticu in the com- 
pany's inspector and the aocuraoy of hia report, I deoIinp<l to nmiyw tho 
Mfoniwe, and tba |>alicy waa canoelled. llie result anticipated followed. 
An inqoest waa held, ami the oaual venUet of "aculdentol death " 
ncoided. 

The last explosion I shall refer to ia that of a boiler 20 feet long by 
S( feet diamotcr, with one internal 6ae 3 feet diameter, made of |>iach 
platea. Having been bought moond-band, its age is tuwertaiiL. It was 
not insured, but wak examined by one of tb* offlost* of ths oompaoj 
•horlly after tfae etploaion. Hefotind thattheSae badoollapaedthmogh- 
rat ita entire length, and ha\'ing turn aKunder about 6 f»f<t fnim Uie 
fr- tite larger portion, together wiUi the end plate, bad been pro- 



jeoted a distance of nearly I DO yards, tbe shell, with the other pottiun* 
taking an opposite direction and alighting about 30 fieet fn^m its ordinal 
poaifciun. lliare waa nu evidence of oelicisncy of watw, bat at the 
saeood plats of the flue from the back end tbsre nad been an old firactnra 
and lealcage, in oonaequence of which the plate waa much redooed in 
thioknaas by oorroaton. The safety-vatvo waa 4 toohes diameter, and in 
addition to tbc proper wcighta tbe attendant had on tbe previous day attaehed 
a feed-valve mnonting and a grate bar, together weighing 80 lb., aad 
giving a presaare im the valve of about 100 lb. jH-r wiuatv inch — a pres* 
aore more than eufficieot tu cause collapse of such a Bue. 

At the inquest no evidence was given as tn tbe actual pressmv on the 
valve, nor did either of tbe prinapal witnesaea — a oonaulting engineer 
and a boiler-maker — make any allusion to the defect in the flue. 

The verdict found by the jury was to tbe effect "that the explaadon 
was eauwd by the deoenaed haviog iucautioualy put more prcasore on the 
boiler than it could bear." Tbia is only another proof of the dangav 
attending tho common practioa of attaching extra weights to safe^-valve 
leven of which I have already spoken. 

Other example* might be given, but sufhcient bai, 1 think, b«en aaal 
to show tbe nscesaity cm periodical inipection, and the advantngea accming 
to those who avail tbanuH^ves of tbe serriiMS rendeitd bj this oompaajr. 



CONSTRUCTION OF DOCK AND QUAY WALLS 
WITHOUT COFFERDAMS. 

The following abstract of the discuMion on Mr. D. Miller's 
paper oo the above subjuct (which appeared iu tbe two but 
Dambera of this Journal) will be found of interest 

Mr. MttiLER stated, inrepir to naestioDS, Uiat the oontntct for 
the piur at Qreenouk, cunipleto lu every res]>ect, 1900 feet in 
length and 60 feet in width, had been taken for a sum of jC63,000» 
being at the average rale of .£107 10«. per 1106.11 yard. Aa yet 
only aboiit 300 feet in leuglli of the pier hml been completed. 
No difficulty whatever had been found io gettiog tbe concrete to 
set, and to become thoroughly consolidated, even under water 
15 feet or 20 feet deep at Tow-water; and althongh occaaionaUy 
there were strong northerly winds and heavy eeas to that part 
of the Clyde, yet the coucrete was as solid as rock, and so hard 
that iron bars would not enter it. Much de[>euded, of course, 
upon the quality of the materials uiwd iu formiug ihu concrete, 
and upon the mode of prepamtioo. The paper would be founJ 
to contain detailed iaforuiattoa on this branch of the subject. 

Mr. Joscru Mitcuell remarked, that the water at Oreenock 
was generally very qaiet. iVom hie experience he apprehended 
tliat, with rough water, there wuuld be iliHicully in getting tbe 
concrete to set firm. In some cases he had found that ihe lima 
and the sand were wa.^bed out by the water, and only tbe large 
gravel remained. That appeared to hira as likely to arise in de< 
positing concrete in boxes, iu the way which bad been described. 

Mr. GaKGORT^ V.P., obaerred, that there could be no donbt as 
to the atructaral advantages of concrete, if it waa allowed to net. 
and if the materials of which tt was campoaed were not washed 
away. But concrete generally re<)uired a catting to prot«ct it: 
and while ho gave full credit to tbe author fur tlie iugvnuity of 
the conatructiou of the casing, which carried out the same idea aa 
that which had been adopted in the piers of Westminster Bridge, 
he feared that, where expoued to a oeavy sea, it would be found 
that tliere was not suSiciont bond between the casing and the 
body of the work. It waa well known that water woatd often 
]>enetrat« through the joints of masonry, and whatever might bp 
the precision of the work, he apprehended there would be a risk 
of the water finding its wny behind the casing, and along the line 
of tho bolta, which appeared to be tbc oulv means by which the 
cosing was held to the body of the work. Ho thought that when 
such a structure was exposed to a heavy sea, damage might fn>m 
this caiwe occur to the casinu, and incidentally to tbewbole mass. 
When using concrete as thu hearting of a wull, he bad frequently 
adopted oouDterforta ajul bond courses running bock from tbe 
casing walls, so as to unite them with the mass of the work. It 
was poanble that while in rivers or estuaries, where there waa 
no gr«at run of sea, the system described might, under certain 
drcumatancea, be adopted with advantage, it was necesaary to 
pause before using it for walls which required to be well bonded, 
when they might be exposed to the action of the sea in harbours 
or breakwaters. 

Mr. J. F. Batuian thought the author did not mean it to 
be aapposed that the outer casing was in itself completely water* 
tight, so as to form a close cotfer-dain. He had no doubt that 



J 



Jv)ri,iiw5] 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



215 



coDcrete, wh«n properly made, would aet as hard as the old red 
aacdfltone oonglomenite; but there was the riak of the water 
aoddog oat the Lime before it had become aet, and leaving oaly 
the grav«I bebiud. In the structure nadcr diaoussioD, there 
was certaiDly a want of bond, as had beeo already pointed out; 
and he feared that, in a heavy sea, tbe whole of the veneeMike 
factag; would be stripped off, leaviag the rubble biickiag and the 
concrete hearting entirely exposed. That, however, would not 
be of much couB«<)ueuL-e, if sumcieut time had elapsed to enable 
the hearting to btuomti ujUMitlidatetl, ami if the primary difficulty, 
of prevontiug the water from sucking out the lime and depriviug 
the «>ncreto of its cementing property', were overcome, if the 
concrete was of good quality, then the plan described would, no 
doubt, if Buee««8ful, ensui-e a very economical kind of work, and 
in that view it was deserving of consldetatioD . At the same 
time, he thought, more ex[»eneD06 was required to enable its 
intrinsic merits to be &irly judged of. It would be necessary, in 
order to give every obance of success, that the concrete should be 
composed of excellent hydraulic lime aud sharp stoDes, with 
little or DO sand, so oa to possess no pirticles which could easily 
be removed, and that the whole of the work should bo well 
bondefl togt^ther. Although Portland cement, undoubtedly, 
mAih the beat concrete, whi-re rapid setting was require<l, a good 
eonctete could be obtained, without the uee of cement. For 
instance, he had frequently employed the Halkin Mountain lime, 
and the concrete in which it was osed aet aa bard as rock. The 
oharaeter of the coucrete depended upon the quality of the lime, 
and the proper apportionment of the lime to the broken stone or 
shiu^te. ^^ lieu lime waa used, the concrete would not set so 
quickly aa with Portland oemeut. 

Mr. F. J. Brauwell said, it appeared to be assumed that cast- 
iron waa an improper material to be used iu the sea. He should 
like to know, whether that had been satiafactorily tested in 
Eimlish waters, and also whether the applicability of that mate- 
riU did not depend, very much, upon the quality of the cast-iron; 
In other words, whether different results had been obtjiined from 
uaing grey or white iron. 

Mr. Bkardvore fully agreed with the conclatliug observation 
of the paper, that everythuig must iiavo ilii own siwcial npplicn- 
tioR. With regard to the atuptability of this form of conatruc- 
Uoo to breakwaters, he remarked that the term itself implied a 
■trucluro requiring such prudigiaus Htrurif^th, that it was ueoes- 
•ary carefully to consider the circomstances under which that 
fonn of construction waa to be adopted. Ho had occasion to 
inspect the works at the Albert Harbour somewhat critically, 
ana he thought that, reganl being had to the local conditions, 
the plan waa well chosen. In the Clyde at Greenock there was 
bat little sea exposure, a heavy aea being in fact very rare. The 
wont evil that had to be oouteuded with was a rather strong 
current; but when the first piece of work was finished, a cover 
VBA afforded against the current, as far as aoy washing etfect 
was concerned. Tbe fouudatiou of the pier, generally sjicakiug, 
was la the very strong " till" usual in that part of Scotland, 
&ud was as good a fouudatiou as could be desired; it was situated 
also advantageously for the excavation, of a trench suitable for 
the reception of the basement bed of concrete. From his cxaml- 
ziation of thu process of manufacture, be considered that both the 
hydraulic Ume aoid tbe luauufoctured coucrete were very good, 
liie plan he had found to succeed beat, iu the manufacture of 
concrete was, first to make a mortar of Ume and sand, and then 
to mix and incorporate this mortar with tbe coarser material. 
With ordinarr Thames ballast, for inatance, a £ar superior con- 
crete was made, by first sifting out the sand and blending it into 
raortAr, and afterwards mixing wilh ihe remaining coarse mate- 
rial; then by making the concrete at once, by incoriwration of 
the original eravel with the same proportion of lime. The 
former operation greatly ituproved tlie coucrete, and economised 
the oae of lime or cement, especially if the ballast and sand were 
washed before they were used. He had examined the concrete 
at Greenock at dead low-water, where tbe surface of lime waa 
being wailml by the tide, and it appeared to be perfectly hard 
and sound. £veu with an iron bar, be could not detect any- 
thing like softness; in fact, in that situation be doubted whether 
there would be any wash at all, so as to affect good hydraulic 
concretedeposited in large masses. This part of tbe work was well 
below the level of dea<l low-water, where the water was compara- 
tively qatescent, and was subject only to the motion within itself. 
The rise aud fall of the tide In the Clyde was very small, acd 



there was scarcely a variation of S feet in four or five hours. 
In some cases, the extent of tide created the necessity for a high 
vertical wall, so Uiat great strain watt thrown upon the work, as 
at Liverpool, where the difference between the neaps and springs 
was as mach aa the whole rise of the tide at Greenock. 

If he might give his opinion fairly upon this work — which he 

{iresiimed wns tbe object of tlie disctwsioDs at the Institution — 
ic certainly looked with suspicion on the want of bond. On this 
point he would strongly advise the author to be cautious. In 
the construction of a work like Westminater Bridge, there wen? 
two faces tied t<^ther, and intimately connected by cross ties; 
in fact the piers mrmed a wall with two faces; but in the pier at 
Greenock there was a mass of material 40 feet in width that 
might settle between the two walls, and the power that would 
be exerted on the tics by a small settlement wotdd be very 
great. Therefore, not only was the strength of the ties important, 
but also the strength of the grooved iron piles, as they became io 
fsct girders for sustaining the weight of the materials forming 
the hearting, and for conveying the pressure to the thin facing 
stones. The solidity of the structure iu reality depended on the 
cast-iron piles, which should bo very strong, aud on the wronght- 
iron ties, which should bo moi^ numerous than might be 
deemed strictly necessary by mere theoretical considemtionB. 
With reganl to the deterioration of iron in sea-water, his own 
experience did not lead him to anticipate mnch danger. No 
doubt, wherever there was sulphuretted hydrogen in the water, 
Uiere would be a tendency to the decomposition of iron ; but such 
caaea were rare, and it was more frequently found that the iron 
WM completely protected by incrustation, particularly when 
entirely under water. Iron exposed to the tidal wash, and 
alternately wet and dry, was under another condition; and where 
it was above half tides it would waste to some extent, unless it 
was well protected. The chief difficulty in this plan of construc- 
tion waa, that tlie work was not open to inspection as it pro- 
gressed. In the old-fashioned system of laying oourse afler 
course, either by a diver, or from a bell, perfect bond was 
attained, and everything was seen. There certainly was the 
apprehoniiion, that the concrete might not set thoroughly solid; 
but he supposed that in this case the concrete was tried at diffe- 
rent depths. It would, however, be necessary to make up for 
the want of seeing what was going on nnder water> by giving 
great extra breadth and strength to the structure. 

He thought there waa little chance of any settlement in the 
portion of the work he had seen. A length of between 300 feet 
and 400 feet was finished, and it looked goinl, sound work; if 
there had been any disposition to settle, there would have beau 
some signs of it then. It was a proper application of the plan 
for the situation, but ho should hesitate to adopt it generally. 
It was to be hoped that there would be an improvement in tlie 
mode of carrying out similar large structures, as at present a 
great heap of spoil had to be run out, unless vertical walla could 
be adopted; but that must be regulated entirely by the situation, 
and by the judgment of the engineer in charge of the works. If 
the proposed plan were geueraOy followed, he would i-ocommend 
a greater number of ties, so aa to afford a substitute for bond; 
because the plan meant the abandonment of bond, In the old- 
fkshioned sense of that term. 

He had used, somewhat extensively, Kentish rag-stone, and 
also brickwork, as a veneer, with a backing of conci-ete, formed 
of ballast aud Portland cement, in the proportion of about six to 
one. He had recently occasion to pull down a wall, built in that 
manner, abont nine years previously, bnt he found that tbe work 
was too strong to bo broken up, so that he left the rough con- 
crete remain as the lower jiart of the wall, and trimmed off a 
&ce, aud then underpiuuud several feet in depth with brick piers, 
with concrete forced in behind. In regard to the use of coucret« 
in large foundations, it ought uever to be forgotten, that the 
heavier and larger the msas put in, the greater was Its power of 
conaolidation and cfannoo of absolute and permanent setting into 
bard rock. When good hydraulic concrete was used in large 
masses, the general mixture with and surrounding of wat«r waa 
a great aid to the soundness of the work. 

Mr. F. W.SiiiKLDs said, he had kuownamaas of concreted feet 
square, wlien taken up, after having been deposited six or seven 
mouths, to be quite sofV although made with the best lime. It 
hardened, however, almost immediately on exposure to the air. 
He thought Portland cement was much preferable to Roman 
cement, and should be used wherever a tirHt-rate concrete waa 
required. He had found ordinary musous' chippiugs an excellent 
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matarial for concrete, nad Noperior to mvel aloDC. '^^hea ib^ 
eould be) procured ia aufficieot qaaDtity. aod were mixed nith 
fiftvel BDd with a due proportion of Portland c«ai«ut, a very 
nliiiU« tnatorial waa obtAint^l. He had pat iu the fouudations 
of the tall water-towors at the Crystal Palace iu that way, with 
the beat reiulta. He qaita agreed thnt the want of bond was 
a Terr doubtfal feature in the waits couatructed upon the plan 
deacnbed in the paper. 

Mr. CoccBUBK CoBTtB Batd, the principal thing to be regarded, 
with reference to the more extended application vi tbo mode of 
Btructoro advocated in the paper, waa the situation in which the 
works were to bo placed, more partiouUrly If propoaed to be 
applied to harbours of refuge. The most important point in the 
conalruction of harbours of refuge waa tlie " le&d" of eea, and, 
cap«ciallj where concrete was ojucerned, the rise and fall of the 
tide. He tbonght It would be sufficient to say that the works 
undnr coDHidemtion, and which were proixjsetl as a model for 
others of a larger character, were situated in a place complet«ly 
laud-locked, and between 40 miles and dO miles from Ailaa 
Cntif, so that the lead of the sea waa inconsiderable, not exceed- 
ing 3) mtle«. The rise and fall of spring tides waa only 12 feet, 
and the difference between sprinf; autl neap tides only 8 feet. 
This shnwetl, to those conversant with the subject, that this form 
of structure, lookiug to the want of Itond and other particnlara 
previously noticed, could not be applied in exposed situations, 
such, for uutanoe, as at Aldemey. 

Mr. W. A. Bruukb said, with regard to the form of break- 
waters, the author had expressed the opinion, that the vertical 
wall was the best for resisting the destructive action of the sea, 
and that it took the least amoont of materials This opinion 
was entertaiued by many persons, and api)e.'ired to be based on 
the belief that a deep sea-wave hail only an oscillatory move- 
ment. He thought tliat was an erroneous BUpposition; because 
it was kuown that in a gale of wind there was a pressure of from 
30 lb. to 40 lb. per square foot, blowing for hours in one dircc* 
tion, and therefore tbe waves must have a progreosive motion. 
It was found also, that when the wind shifted from one quarter 
of the compass to auother, the sea went doww directly. If there 
were only ui oscillatory motion of the waves in deep scan, there 
would tie DO occasion for ships to lay to for fear of being pooped. 

The piera of ttie deep-water harbour at Kingstown were con- 
structed witli long slopes of 6 to 1, and the cost of tiie granite 
used there did not exceed eighteeupence per ton. Those 
acquainted with quarrying knew, thnt with a lead of only 
S milce or 3 miles, any rock might hv quarried and put into the 
aea at a shilling i>er tvn. No duubt when tbe wall could be 
executed at that oust, breakwaters, or piers, with long slopce, 
were the best, both aa regarded strength and economy. Many 
millions of money might have been eared to tbe coautry, if the 
eiigineers of the last twenty yenrti had followed the excellent 
roles laid down by Smeatou, Telford, and Rcnuie. In the recent 
harbonr works, it was proposed to build them with vertical 
walls; but there was no work except the Admiralt}' pier at 
Dover, in which that principle was adhered to. At Aldemey 
the pier was a compound of the worst forms. Tbe substructure 
aided the progressive motion of the waves, while the vertical 
wall gave them a back sweep, which must iu time destroy the 
rubble foundation and carry away the stones. Nothing could 
save the superstructure, or vertical wnll, but an immense addi- 
tion to the foreshore, eventually makinji the Aldemey pier a 
loug-slope work. It was Hiatei.l tliat thesti^nes on the rockwork 
slope were couverLtfd iuto boulders, rounded from being tussed 
np against the facework of the m&aonrj' by the action of tbe 
waves. Tliat showed a bad system of construction. A great 
mistake had been committed, iu treating certun small harbours 
in Ireland, as being formed of piers with long slopes, whereas 
they were not more than 2^ to I, or 11 to 1. If all had been 
a to 1 or 6 to 1, no objection oould have been raised to long 
slopes. The [ate Sir W. Ciibitt bad stated in one of his reporter 
that he deeuiecl Kingstown Harbour to be the beat and cheapest 
work of the kind in the Britisli doniiui^ns, in proporiion to its 
size and extent. That opiuion certAiuly did not favour the 
■>-at«m of coijisti-ucLlon tliai was now iidupied for public harbour 
works. He had heard with reuret that no rt?fugQ liiirbijur works 
for the nortli-eaat coast of the kingdom would W assi^tted by the 
Oovenimeiil uuiil the public harbouiit, now in course of con- 
struction were tinisbed. Huodrtils nf lives would therefore be 
contiuited to be lost, before anything was done, in places where 
^hoM works were so greatly needed. 



Mr. J. jEHiruroe thought, as tbo method of constraeiion Ihea 
under consideration appeared to be greatly dependent apon kh« 
iron ties, that the question of their durability was of the utmost 
importance, as well as the extent to which iron bond mi^ht be 
advantageously madeuae of in concrete work, and whether in the 
form of hooping or of rods. When he had cut into work when 
iron had been used in concrete, he had found the iron decayed to 
A considerable extent; but, at the same time, a hard metallic 
cempoond had been formed round tbe iron, which might lead to 
the enppoeitioD, tliat it would not dcoaj tbroughoot its whole 
thickness. With regard to the muia&otare of cftnorete, recent 
experiments tended to show, that if made with a much smaUer 
quantity of water than was usually employml, and sufficiently 
punned, as hard and compact a substance as limestone would be 
formed in a short period. This of course was a point to be 
determined by experience. It was said that a labourer eooM 
only produce £ or 3 yards of concrete on tbai principle iu a day; 
bat although such an amount of labour would canse an increase 
in the oost, yet this would be oompensated for by the better 
quality of tbe materiah He had used Boman oemeat for concrete 
twenty years ago, and the result of his experience was, that 
concrete formed with that cement was very 8atia£aetor^,aad 
stood perfectly. The setting of the concrete was as perfect as 
could be desired, although the tide came OTer it within a quarter 
of an hour after it waa depoaitedu 

Mr. John Wtuoirr said, in reference to the use of concrele in 
large masses when deposited under water, that some years ago b« 
had built a wall which waa G feet or 6 feet under water at low 
tide. That wall had a facing of brickwork 18 inches thick, and 
the backing waa enlircly composed of Portland cement concrete. 
The turn of the tide was exceedingly quick and strong, and it 
washed over the concrete shortly after it was laid. The concrete 
he referrocl to was made of eight parts of Thames ballast mixed 
with oue part of Portland cement, and it was deposited in tbe 
water uumcdiately after it was made. It was not mixed by ma- 
chinery. Three or four years afterwards, when it was re«iuisite to 
take down a considerable portion of that wall, he had an ojppor- 
tunity of testing Iho quality of the concrete. It waa then found 
to be' as hard as solid rock, so that tbe removal of the wall was a 
most difficult operation, and un enormous quantity of gu«- 
powder was consumed in blasting it Therefore he was sure 
that well-made concrete was a very suitable material fur works 
of construction, whether under water or not. Where there was 
not a great depth of water, be had found it an excellent plan, as 
soon as a £ice oould be established against the vrater, to force bi 
the concrete at the back, and keep pushing the faoe on. In this 
way the concrete at ttio back did not oorne in contact wHh the 
water, and the surrounding water was not even coloured. When 
the water waa chai^ied with silt, mud or dirt would k»e deposited 
upon the concrete, so that the next loyer would have a tendency 
to slide upon it, and would not bind with the mass below, nnlesa 
thesorfacewjucicaaed. As a further illustmtion of the efficiency 
of concrete in large raaasea, Mr. Wright referred to the sea-vr&Us 
he had built at Briohton. Some parts of those walla were 70 feet 
in height, and had already stood between twenty and thirty 
years, without at present giving any indications that they would 
not endure many years longer. The oomposition of the concrete 
in tiiat case was lime and sand, in tbe proportion of three to 
one, made into mortar in the usual way, and one barrow load of 
that mortar was mixed with a barrow load of beaub shingle ia 
the piig mill, after which the concrete waa immediately preaeed 
into the cases. Aa the result of his own experience, he frft con- 
vinced that coDcreto was generaltv made too dry. He believed 
that it should l)e use*! when in a £aidstate,so that every particle 
might settle perfectly and then set, and that the sooner it was 
deposited after being mfwle the better would be the result The 
paper opened a wide field for discussioo, as to building under 
great depths of wator. On this subject he should endeaTOur 
more fully to express his views upon another occasion. 

Mr. J. Bruslkes called attention to a design made by him two 
yeare ago, at the request of Captain Vetch, R.E., for a break- 
water and pier at Point de Galle. It would be seen that that 
design was almost identical with the system of construction 
now under oonsideration. 

Mr. Parkes had found great difficulty in ascertjuning whether 
concrete deposited under water, had pmperly set Although tt 
might ap[)enr linnl when tried with iron roda, yet, in some cmm* 
if pieces were brought up out of the water, they were discovertd 
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fo be soft and "enimblY." He did not mean it to be inferrod 
that lie had nny doabi that concrete deposiUil under nal«r might, 
ID the majority o( instauce*, turn out T«ry well, for he had 
formed fouDdaiious in this way entirely to his BatisDu^tion. But 
he did not thinb that, at praMQt, ihe theoretical knnwiedgo of 
the actiuD of hyilmulic limeA xnd cemenu under water was per- 
fect. It WAS kDOTTO, practically, that certain limee and coments 
woald set in water, bat not uoder all ci re urns lances. What 
veto the conditions necesMiry to insure suceesji did not teem to 
bft folly knnwn. In nuy fKirticuhir atac, therefore, Involving 
new conditions, there wnn a |>os«ibility of some esaeutiat prccan- 
ttDU being omitted; and after the concrete had been deposited, it 
would be nucertain whether Jt was good, or not. It therefore 
•Mfoed to him tliat ruurc timn nnlinory care was req\iired before 
tnch a Bjatem ait clml priictit^ed at (ireenock oould be ceneially 
adopted. That anch precautions could be taken as would insure 
Aocceas, he had not the least douht: but these would differ in each 
particular case. With r^pnrd tn the section of the pier at Greenock, 
an objection hns been raii^ed, n% to the want of bond between the 
granite face and the concrete. It was in his opinion a fault, that 
lher« should be two distinct walls instead of only one to support 
the supcrstructnre, one for the f^n'e and another for the backing, 
but he did Dot think that the '.wo could he bondeil together — that 
B concrete backiug could be bfindod with a granite facing. The 
eoncreie would cither swell or shtiuk, and in either cose the 
virtue of the bond would obviously be destroyed. The must 
oatiiral conrse to liAve Hdopt«<l wuuld have been, iiistemi of mak- 
ing the face-work an integral part of the wall, and allowing the 
aupcratructnrc to bMr partially upon 'n, to have tnade 
it a mere shell, so as to protect the surface, and to allow 
the whole saperstructure to roet upon the concrete. If 
the concrete i>et well, it wonid 1<« quite its good as soouud or 
third clnsN masonry; if not g<KMl, then it ought not to be there at 
olL It was contrary to first ptiuciples, that the superfltructure 
■hould rest tipon (wo subetances ao different in their composition 
as perfectly dressed granite and concrete. The piera of the new 
Westmhifiti-r Bridge had been cited as a procmlcnt for thiu prin- 
ciple of cjtiittmction; but in that case there was an entirely 
(Afferent feature introdnced, a» the whole interior of the super- 
etrocture of the pier rested upon hearing pies, the tvinerete 
merely Qlling tnr the spaces between the pilea. He believed it 
was pm-t of tlie orimnal design to nse bearing-piles at Greenock, 
but that this wiis afterwards abandoned; and although they were 
•howD on one seclion (Plate [>, Fig. 3), he understood the work 
had been executed according to the design shown on the other 
section, so that the outer edges of the pier rested upon the casing 
foimed of giiuiite slabs, &ud the interior upon the concrete. No 
donbt the anlhor would be able to explain why he had adopted 
a facing of granite of, he believed, 2 feet thick, rather than a 
shell, which might li.ivo been made of i\&st-iron platen; <>r even 
wooden Hheet piles would have been suthcient for the purpose, 
which was only a temporary one, if the concrete were really 
good, 

Mr. MiLLKR, iu ivply, said many opinions had been expreiwed 
U to the beton, and iDatances were cited of its setttug hard, like 
oolid rock, and requiring blasting afterwards to remove it, while 
ia other uiocs Uilure had resulted. Ho was astouiished that so 
mnch aptirehensioD should still exist as to this materi»l. He 
eoold odIv acoK'int for it by supposing that the compounds iu 
prevalent u^e for cinnuon purposes, hud also called concretes, 
were otmfounded with the beton, or hydraulic concrete, as appli- 
cable to msrioe consiruciion, and he sttrihnted llie failures to 
the b»'l material of which the concrete was composed. The 
many Dcc»»ions in which concrete had been euccessfully employed 
in works of this doflcription wi?re sufficient to establish its value. 
Of coarse iu the preparation of beton, oartoin precnuiions roust 
bn observed. The materials must be properly selecled, thoroughly 
manipiUate^l, and duly proportioned to the work for which the 
beton was rei)Utrcd. If those oonditioos wvre attended to, he 
con«iderwl that beton, whether made from the naturally hydrau- 
lic ItmcD, or from artificial cements, such a» IWilsnd, or even 
the rich limes rendered hydraulic by the mixture of other snb- 
otanoes, such ao pozzuolana, would, as certainly as there was 
soch a principle n« cheroicnl combination, be succeiwful, and 
would set like solid rotrk; and that any caseA of tailnre niiisl 
have arisen from the wont of attention to these principles. M.-iuy 
examplee might be adduced of the deposit of hydraulic concrete 
in sea-water with perfect success; but it was unnecessary to go 
beyond the Oretuoek tea pier. The betou used iti Lh:it work 



was mode from materials obtsined within afcw miles of the spot, 
and it had set hard in a short time. It had been doubted whether 
the whole mass was consolidated throughout; but the answer to 
that was, that it had been often tested, by means of iron rods, 
which even shortly after it was pot down wonld not pierce it It 
had also been examined by dirers, who, when it happened that 
too much was deposited in one place, preventing the granite 
blocks from being properly bedded, found great difficulty in pick- 
ing it away. The best teat, however, of the anifonn setting of 
the concrete was to he found in the stAbility of the walls. It was 
only natnral to expect, if there had been any irregularity in the 
setting of the beiou, that the walls would have shown symptoms 
of settlement: but nothing of that kind had been noticed. Witii 
regard to the observations, as to the danger of depositing concrete 
ia exposed situations, where it was apprehended the action of the 
waves might, to a certain extent, wash out the lime, leaving only 
the gravel aud stones, be remarke<l that this would not take place 
unless the concrete was put down in thin layers, and in that state 
was allowed to be acted upon by the waves. It should not, how- 
ever, be employed in that manner, but in large masses, and con- 
tiuuouuly; ami though it was possibluthatBomeof the lime might 
be washed out from tho surface, ye*, this wonld be replaced by the 
mass of beton that fallowed, so that the homoveueousness of the 
whole mass would not be injured. In illustration he exhibited 
a 'pecimt-n of the concrete taken from the most expoMd part of 
the Greenock pier, which had been hild in a soft state, and was 
afterwards woaheii hv the wavea. In [loint of setting firm nothing 
niore could be deaircu. That concrete had been put down iu a wet 
state, and was exposed to th.- action of the waves during the whole 
of the unusually stormy imd severe winter of IStii-a, when ^6vv- 
ral ships were driven from their moorings, iu tho vicinity o( tUc 
harbour works, aud the large steam dre<lger was wrecked on the 
new pier. This apecimen showed that the danger to be appre- 
hended from the woshingont of tho lime wasooteo great as hod 
been suppoaod. It had Wen remarke<l, that the systen of casing 
adopted at Orceuuck did nut givo sufGciont bond to the rest of the 
work. He quite agreed that, in many co^es, it might be beneficial 
to adopt the »ystem of bonding, and in fact it was upon that filon 
that the pier at Greenock was originally iutended to have been 
built. However the particular style of casing to be adopted 
would depend upon local circumstances, and upon tho tndividoal 
opinions of ditlercnt engineers. It was also said that, in any 
case, the facing could only be looked upon as a veneer, without 
proper connection with the rest of the work. He oould not 
admit that, becnu»c it was cilicicntly held in position by the iron 
ties. Besides, he considered that if the concrete set IhoronghJy, 
as it would not fail to do if property made, both it and the cosing 
must tog-ther form n solid wall, as much as an asblar facing did 
with a backing of rubhlu masonry in ordinary* walls. As to the 
prohdihle decay of the tio-roda, the groat durability of iron when 
so imbedded was well known. But, whether or not, the tie-rods 
had only to serve a tem|K)rary purpose, inasmuch as when tho 
concrete became consolidated they would not be re^iuireil. A 
great deal might no doubt be said for and against any new system 
of construction; but the best evidence of the plxm advocated in 
the Paper was to be found iu the success of the worka already 
completed, and of that success it was open to any one who chose 
T>ersonaIly to satisfy himself^ by paying a visit to Greeoook. 
With regard to the application of the pnndple to the ooustntc- 
tiun of breakwaters, he considered it had been sufficiently tested 
to justify the further extension of the plan; and it must bs 
recollected thatthe Greenock sea pierwaa essuntiallya breakwater. 
Id the eonittniction of similar works in more exposed situations, 
it would only be uecessaiy lo make them stronger in proportion, 
and to take precantitms acoordint; to the circumstances. There 
might lie danjier to the concrete from the action of the waves iu 
a atormy sea; but he proposed to build the work in evctions, with 
cross walls, or casings, at given distances, so that tho facing and 
the beton work would be carried ou together, and tn th.it way 
the oon-irele would only be en>o»ed to the wa-ili fr.>m the surface, 
which he had shown was not very serious. Breakwaters had 
heeu constmcted of timber frAmos filled with Kiose rubble stouen, 
and these had withstood, succesHfully, tlie .assaults of the waves. 
A structure of wnuiyhl-inin with nslunc casing, even though filled 
in with only loose rubble, would be much stronger tiiaii this; 
bat when iu addition the interior mass would be concreted like 
solid mck, he 8ubmiite<l that sach a structure would combine all 
the conditions required for attaining the greatest stability and 
durability in the evostroctioD of breakwatets. 

55 



SIS 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



r/alr 1, IKS 



AnCUlTECrURE IN MANCHESTER. 

{Oonelvded frtnu p. 161.) 

Iir ooDtiDniDff our notices of the recently bnili plAces of 
Torebip, several AugUc&u diurcbea are BtUl neoeesary to be 
meiitioDed; and forpiuoat of these, tbongb only a work la progron, 
wo must place the Cathedral, whose new tower is now in course 
of rfr^ooatruclioiif imrler the direction of Mr. James Holden. 
We uudemtand Ihu work, which is now level with the n&ve roof, 
will be simply a. renewal of the origriuaJ Uiwer, the main fenturea 
of which, somewhat nnintereatiug, aud in parts debased, are 
pretty well-known to architectural students. The stone naed ia 
of a very durable kind from the Fletcher Bank quarry, with 
which the Derby-chapel and othereaat-end portions of the edifice 
have been restored. Internally this cathedral is singularly 
uninteresting: roplet« as it is with every conceivable modem 
rersion of " delettlAble (if it be detestable) Perpendicular.'' Wo 
only remember with pleasure the choir stalls and coiling; some 
fragments of a screen, of what seemed to have been the Lody- 
chapcl; and a painted window in one of the south aisles— the 
cfaarch has several lateral aisleft^representing the chief incidents 
in the history of St. Jubn the Baptist. 

Id the surrounding vubnrbe, as Chorlion, Brooklands, CoUy- 
hnnt, Ecclcft, and Ardwick, are new churches built and building 
for the use of the £6tublished Church ; but of no marked character 
one cao jiarticutariHe, albeit there is little U> cniulemn. Mr. Soott 
is building a fine Early Pointed church at Weaste near Pendle- 
ton, with western tower and aptre and circular apsidal chanoel: 
the slruclore is of stone, elaborately moulded; and has a tiled 
roof, the work is being ably carried out by a lincobishire oon- 
tractor, under all the disadnuitages arising from the arbitrary 
rules of the local trade unions. At Clayton vale, a fine loftybrick 
diurch has been erected from the designs pf Mr. Butterfietd^ 
having nave and aisles with small tower, ^anoel with south 
chantry, gabled transversely, north chancel aisle, aud lucriHty, 
with western narthex. The edifice is remarkable for ita unusually 
wide bandii of blue brick, tuck-point^, as is this gentleman's 
wont, with white mortar; and for the irregularity, apparently 
purpoflclcfis, in the feneatratioa and spacing ot the baysor severiea 
of the churc-l). Still, like all the worka of the architect, it ia in 
general outliue grandiose and effective. 

At Bradford, not verj- far from this work of Mr. Butterfield'*, 
14 a large group of brick buildings, oonsisting of a church, 
school^ and parsonage, remarkable for the care aud ukill with 
which the cummoo brick, used for the meanest purposes in Man- 
chester, has been worked up into an architectural and eoclesiaa- 
tical form. Christ Church, Bradford, is the very 6wu ideal of s 
cheap, large aburch: it is a Decorated church; but, Rave the raul- 
lions and tracery of ita windows, and a carved tympanum over 
the west door, it may be said to bo all common brick fi-om foun- 
dation to weatb«r-cock; for even the very spire is built of d-incb 
brickwork; tho balk of the wall face Is composed wholly of the 
whitey-brown headers of the local red brick; aud the general 
flflteot is thai of au cditicc built wholly of London stocks, with. 
■paruly applied red brick bunds and vousaoirs. Internally the 
church comprises an aislelesa nave, some 45 feet wide in one span, 
north and south transepts, and a very effective apsidal chaucel, 
with i^erestory over a lean-to ou each side. The schools and 
puMnage are designed in harmony with the church, which 
etmck us as better suited to a poor London district, than a poor 
one near Manchester, as is Brmlford. It is a structure worth 
the attention of the Bishop of Loudon; one cert^uly poftBessiog 
an ecclesiastical character of a sort, at a cost which we believe 
scarcely exceeded three-pence a cubic foot. Tho schools will 
accommodate some six hundred children, aud have beeu built at 
the cost uf a private benefactor. 

Individual munificence has just now much to do with the 
building uf Angticnn churches and schools. lu Hulme, another 
suburb, Mr. Hugh Blrloy has just founded a large church, 
oipable of holding nearly 1>0U worahippera. This edilice iu also 
of brick, with blue brick iiaudd ami hIuqi> drusitings. It cuusisW 
of oavQ with aJHlmi, the sidua of the former lighted by a clere- 
story with gabled windows, tower aud spire in the south>we«t 
angle, doal»e south transept nn-l well-developed chancel, from 
the north w^l of which prnoeeds a cloister, counectiog the 
diurcb with a presbytery; the entire group presenting a striking 
and picturesque ttutmbie. There is a prtijecting octangalar 
baptistery ou the north side of the church, within which is a 
handsome carved reredos of Caen stone, considerable mural 



decoration, and a good painted eaat window, presented by Mls» 
Birley. The architect is Mr. J. Medland Taylor. The same 
architect has also erected a church at Brindle Ueath, Pendleton, 
dedicated to St. Anne; mainly at the coat of Mr. Herbert Birley: 
n small edifice of material before de^tibed, having navo, chancel, 
south aiflle, and vestry. In tho ch.incel are constructional sedilia 
and credenoo; with painted east window, by Heaton, Butlar, and 
Bayno, of London : subject, " The Oood Shepheni." The whole of 
tho sittingH are free. 

By the munificence of the same gentlemaD, Mr. Herbert Birley, 
Mr. Taylor has completely remodelled the church of St, Simon 
and St. Jude, iu Uranby-row, introducing a screened-off choir 
aud open ueat^. St. i^tephen's Chui-ch, Salford, has been, under 
the auapicee of the same architect, subjected to the like process: 
the apae contains a most beautiful window designed by the late 
Welby Pugin. The Church of St. Luke, Chorltou-upon-Medlock, 
has been reboilt under the direction of Mr. Tx>we, architect; and 
this gentleman is rebnildiog another of the Manchester churches, 
that of St. Jude, Ancoats. Two other Anglican edifices further 
bespeak the munificence of the Messrs. Birley — the church of 
St. Matthias, Saville-atreet; aud the "School Church" of St. 
Matthew, at Ardwick. Tho architect, Mr. Medland Taylor, 
seems to be just now extensively engaged in building churches 
aud Bchoola r«>und Munclicster; amongst them, a large stoo* 
church at Altriucham, with nave, cbanoel, aisles, south-west tvwar 
and spire. It is capable of holding nearly a thuuiwud sittings. 

Not far from thin edifice, intended for the poor of the district, 
ia the pariah church uf Bowden, admirably rebuilt under I* 
direction of Mr. Breakapoar, who is just completing a rectoi^^ 
house in connection with the church; a structure of KuncorQi 
stone, standing within one of the most lovely cbaruhyarda in 
England. The style of the edifice is Perpend iculnr, the interior 
marred with painted jflass of unsatisfactory character; but the 
work of die architect is pleasing throughout, manifesting in ita 
varied details great thought aud invenUve power ou the part of 
its designer. 

The Koman Catholics of Manchester have some venr fim 
churches, the chief of course being their nLigiiifioantcatnedrsl 
rf St. Johb the Evangelist, Salford. The external features of 
this fine edifice are too familiarly known to need mention here; 
but not every one is acquainted with the interior. The transeptSy 
choir, aud chapels, are exceedingly tine; replete as they are with 
admintblc atone carving, "tabomoole work," and painted glaesh 
The churches of St. Wilfrid, by Pugin, the three churches of 
St. Chad, St. Anne, and St. Mary, by Uadtictd and Goldie, are 
all fine churches, and ornaments to the city; but pretty well- 
known. The effDCt of modem street improvements has been t9 
sweep away the old Catholic chapels, and to-day, it may be sai< 
of these chnrchet, there are but two in the cdty that can I 
regarded as inferior works of arcbitecturo— St Pati-ick's, in 
AngeI'meadow, the work of some imeducated builder, and St. 
Aoatin's in Orauby-row, designed about forty years ago in "the 
Early EugUah style." Well understood as is that style of areiii- 
tecture in the present day, we should be puzzled to name ow 
other Btructore iu all England, whose architect knew as mad 
of it, forty years ago, as Palmer, the designer of St, Austin's 
facade, seoma to have done. Wo trust no moileru improvements 
will efioce it: it is traditionally recrmlcd of this Ia9adc, that tbe 
late Welby Pugin, visliiog Manchester, observed of it, — " It» 
designer, whoever he might be, was full a quarter of a century in 
advance of his fellows in a knowledge of the style he bad 
attempted, though imperfectly, to revive." 

Of the Uireo more recently-built churchee about Maochester — 
St. William's, Ancoats, St. Edward's at Busholme, and St. Anne's 
at Stretfurd, the ». wo latter edifices are tho work of thesou of the Lost 
named arcbitectCMr.Edward Pugin). SUWilliam'schm-chisa plain 
brick edifice, of leas pretension than the two others, which are 
built of stone, and possesH much originality of treatment in their 
design. St. Anne's, Struifonl, is a very fine edifice, erected at tbi 
sole coat of Sir Humphrey de Trafford. It consists of i 
clorestoried nave, borne on an arcnile suiitiiued by piers of Par- 
beck marble; north and south aisles, so narrow, that they would 
seem to be suited only fur proceesions round the chnrch, a vi 
finely proportioned chance!! with octangular apse, sacristies, i 
an eficctive tower and spire, eomewbat detached from tho north- 
west corner of the church. The edifioe is remarkable for its 
elegant proportions and pleasing details, throughout which, 
tliough they are perviuleii with au unquestionable odour ot 
originality, and an avoidance of what is quotidian aitd common- 
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ptnce, it is quite rofreshiag to h« bo much, tbat, trilboat tanie 
oonjriBtn, keepa up the sweet umblaooe of our b^Qtiful Eofjllah 
"Oftoomted" work. The structure noiuewlmt resemblea Mr. 
Edward Pu^ia'a publinbed design for the Cktbedral of St. Tbomu 
of C*ntarbar7,at Northampton. It is altogether a mMtsuoccds- 
fal vork. 

8t Eiiwwini'a Church, Runhotme, the other work of this nrchi- 
tact, u, like hill ohurch at Stretfonl, an eJitioe of Yorkiihire 
" pierrepointa,'* with draMtngsof HoHington ntone. The stylo of 
vchitectora ih aluo English Middle Pointed; the tracery of the 
windows, pdiTticolarly of the we»t window of the nave, indicat- 
ing an attempt, by no meaoa iinAuocetwful, at a combiualion of 
QMmetric and flowing work. The church hiu a well-propor- 
tioaed nnve, with clerestory, lighted by cinquefoil wiudows, and 
aepanited from its north and south aisles by a moalded arcado, 
brnvei like the Stretford church, on grey marble pters with 
bftBca of Sicilian white marble; an octangular apsidal sanctuary, 
too slightly divided from the nave, a sacristy, and an unfinished 
tower at the south-west angle of the uave. Over the entrance 
at the west end is an organ gallery; a feature that we are sorry 
to see is always to be fouuT in Mr. Edward Pugin's churches. 
Why is this 1 The body of the church is filt*il up with very 
w«U-<l«8tgned open seats of pitch pine — a beautiful material, 
quite oommon in modem Manchnter churches, but seldom atmn 
ID London. Though a small church, St C^lward's, Rasbolmo, 
baa much about it that is peculiar and original, the severiee of 
tba aisle roofs ore not divided, as is usual, by timber trusses, but 
by internal flying buttresses of plastered brickwork; a novelty 
whose actual utility is not quite appnrent: they appear to have 
Dec«8sitat«d the uDdiAguixed introduclion of a row of detestable 
iron tension rods, a feature which it would really seem soma of 
our ne« -light Oothicarchitects are rather proud ofthan otherwise. 
We shotila greatly regret to seethe principle of tension — that beset- 
ting vice ofall modern engineering— invade the construction of 
our modern churches. 

The Uisaentiu^ places of worship ih and about Manchester 
JeBer%'e a more lengthened description than can be given in this 
article, the limits of which have nearly run out. iSi those built 
within the last few venr*, the large Presbyterian Church in 
linniswick-street, Oxford-streoi, claims tho first uoticu. It is a 
bandsonio structure of atone, occupying a commanding site at 
tha corner of two streeta; the style uf arohiteoture is Decorated 
Gothic, the dettils somewhat vriry and fanciful. In general out- 
line this is oni! of the must striking odiGces in the city, having a 
high aleroBtoried nave with aisles and transepts, s largo tower, 
and lofty spire. A stranger would rea^lily mistake the edifice 
for an Anglican church, so church-like is tlie external design. 
The interior would however dispel the illusion. The arehitecta 
are Messrs. Cle&;g and Knowles, of Manchester. 

The Independents or Coopregationalists have bailt several new 
churches in and about the city; one at Rusbolme, of which Mr. 
Alfred Waterhouae is the architect: it is a transeptal edifice of 
brick, with stone drewiiigs, tow^r on one eidc, copped with an 
effMtive octangular slated spire, with clock dials. Tlie style is 
Pointed, and, in general treatnient somewhat I^ombardic. Be- 
hind the church, which is a cleverly designetl work, the interior 
rvplete with stained and griasaille glass, are situated a group of 
•ohoola Mr. Waterhouse is also engaged on another IndepeDaant 
pjaoe of wonhip, nearly complete, at Pin-mill-brow, Ancoata; a 
brick building, with bands of blue and white brick. In the site 
of this church, as in tho one at Husholme, the architect has had 
evident ditriculties lo encounter, and hss met them snccessfully. 
The latter building has a tower and spire at the aoute junction 
of two atreeta. For the same community, Mr. Waterhouse is 
erecting another church nt WhitoUnrla; and Messrs. Patill sud 
Arliffe, who, by the way, are the architects of a vast general como- 
t«ry oaar Pliilipe'-park, have erected another cfaaroh at Pendloton. 
BCeairs. Poulton and Woodman have deaigoed several buildings 
fbr the same body^-schnols and churches at Ecules, (.'horlton- 
road, and Stretford. I'^h of these churches has a tower aud 
•pin, and windows filled with stained glass; they are all more or 
!««• handsome cdificea» bespeaking tb« munificence of the Con- 
gregational disseaters; but in the design of tho best of tbem (the 
church at Eocies} there is much of the meretricious to complain of^ 
llifl Wealeyan Methodists of Manchester have many ffood 
ohapels (or churches is, perhaps, the most acceptable term,) built 
her» and there with towcta and spires, and on an ecclesiastical 
plan that would hare amued a Wesley or a Whitfield. Messrs. 
Paull and Aylifie, the arohit«ets before mentioned, have just com- 



Sleted for this body a bundaome stone edifice at I<evenshulme. 
Ir. Fuller is the architect of a Wesleyan church at Stretfonl; u 
atone wiifice, professedly Gothic, consisting of a nnro and tmn- 
septs, with siiurt chancel, and diminutive tower and spire: beneath 
the whole is a largeadioot, in oonnez ion with the church. We can- 
not praise the dangn, which seems composed on the principle of 
cramming as many features aa possible into a small wall-space; 
a square yard or two of plain wall would be quite a relief to the 
composition, which is fussy and bizarre to a degree. In the 
City-road, Hnlme, stands anotlier Wesleyan church, of stone, 
erected under the direction of Messrs. Hayley aud Sou, archi- 
tects. This edifice is a Middle-pointed structure, having a galle- 
ried uave, or chapel proper, under a wide, high-pitched roof iu 
one span; a semiciruular apse for chancel, a small vestry, and 
well-aeaigned oomer tower and broach spira of stone, surmounted 
by a gilded cross, some 100 feet and npwards from the ground. 
The ioteraal arrangement of this churcn is exceedingly ingvnious 
and praiseworthy; i^mrticularly in tho adaptation of the trussed 
roof prtneipalfl to the harmonious introduction of the inevititbU 
gallery, which, as is iiaoal in a Wesleyan chapel, runs round three 
sides of the edifice. 

Messrs. Hayley are the architects of two other Wesleyan 
churches; one at Rusbolme, which may be termed a fashionable 
outakirt of tho city, aud another at 4.>penshaw, a district peopled 
by the manufacturing poor. The former of these two structures 
is a larf{« Deoorntm Gothic edifice, of UollinBton atone, and 
pierrepoiut or pitch-faced wall-atone; a material tciat looks better 
than the Kentish rag«tone so common in the metro|Kitis. This 
church has a wide nave, with gallery at tbe entrance only, two 
truDseptt, and on octanguUr apeidal chancel with painted win- 
dows. Stained glass, indeed, is introdnoed Into every window 
of the edifice, the interior of which is murally decorated in parts. 
It is fittal up with au entrance-screen, gallery front, and open 
sittings of pitch pine, simply varnished. 

Tbe chapel at Openshaw, by tho same architects, is a brick 
structure of less pretension, but remarkable for its unusual out- 
line. The guuoral form is that of basilica, with a high clereatory, 
supported at each side on an arcade, springing from an exposed 
timber bresuommer, borne ^d two orders oi cast-iron piers with 
parcel-gilt capitals; tbe lowermost sustaining the timbers of the 
galleriea, whose preaenoe is indicateil externally by the double 
tier of windows tn the aisle walls, iu front is an open arcade 
with vestibule, surmounted by a wheel window; and at tbe rear 
a plain aohool, with master's residence. 

As has already been said, our notice by no means comprehends 
alt the Botewortby places of worship iu nnd about Manchester: 
many others deserve mention, but with those raued by tbe 
Wesleyan body we break off, and conclude our descriptive sketch 
of the progress of architecture iu and about Manchester. 



RaUtnay Breaks. — la a paper on the subject, in Comios, M* 
Flaiumariou caiculattjs tltat if a common train, going at tlie rate 
of 40 kilomctrea per hour, or 12 yards per second, were stopped 
instantnoeonaly, toe pnssengOTs would experience a concussion 
equal to that of a body ulling from a height of 10 feet; they 
would be hurled against the sides of tbe carriage with a force 
equal to that they would be exposed to in falling from a window 
on the second-fioor of a housa If tbe train were moving at tbe 
rate uf 50 kilometres per hour, they might as well jump from a 
beighlof threo pur of stairs; and an express train would, In point 
of fact, make them fiUl from a fourth story. Instantaneoas breaks 
are, therefore, not to be thuui;ht of, and, fortunataly, have not 
been invented; tbe impetus ofa train, even at half-speed, being 
much too great for any mechanical means of instant stoppage. 
A break, iliough inatantaueous in stopping wheels, will still leave 
the train to go forward a little aa a projectile, eo that there is no 
fear of any break ever to be invented, perhaps, being too instan- 
taneous in imminent danger. M. Aohard, a civil en^puser, 
according to Gaiignani, ban invented an electric break, which 
simply consists in keeping the break or shoes, which lie opposite 
tbe wheels, away from them by means of an electric current: ■• 
soon 08 the latter is intermptedL the break falls upon tlie wboaUi 
aud ths speed of the train ls slackened In oonaequenoe. All the 
engine-driver has to do is to put bis hand oua small interrupter, 
having much the appearance of a door-handte,aDd this takes him 
leas time than giving the alarm by means of the wblstte. Two 
small llunseu's elements are employed to produce the current, 
which are kept in a wooden box. 
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p VUfeiflB md Wmtift» Fmmmttie gifti)),— It k aud the 
» ^ ikb pwpoMJ nilwaj will be eomBcoeaJ i— tnadbmly 
«» ^ mtttmurj ftriii— torf powcn ba^ otoiaad. Tlie 
papaad fin* viQ eo—aaet M aaopea ■UUob to IwfanDccl 
m OffMl awXliiwt-yMJ, aad ba aMtiiMd a brklcworic mdcr 
Ae TkaacB WmmnkmetA to tW rirar; acnas wbkb H will 
br ooiad ia * valar-Ugbk snm talc, rnraiil in eenwDt 
^miamm, liM aad fisad in ■ dMiwcl dtedged ont of tka bed of 
1^ ritvr, fnm Um rinr tba Eba vifl be eootiiraed io bride- 
warfc— iar On fl yi a Uu \ apd V ia e ai i eet,to aaUlioo eograajaitt 
Ibr tka tsmAe artbe Torfc-roed and lb* Waterloo tenninoa of 
tilt $mA Waatcn BaSwaj. TIm alaspaat gnwiient wiU be 
HmVK thm traiaa irtU be voclcad to aaa fro bjr prepare and 
«rW«alleft altanatd/, aa4 at istervala of from three to foar 
amctaa htm aadt Md; a fnoMoey of deapateh hitherto an- 
attaaifled' Tbc fiUTfage* will be aa caamodiou, aa well-lighted, 
aad aa rompJUaly fttted toir the eoofiirt of the tieaami(t'ni ■. aa tbo»e 
if iha Mvlropoiitaii Bailway. The iroo tub« will be made hj 
llaa«& **"—"*■. aad ihe Uyuis of the tube aod ether works 
I ba aadertakea bjr Maava. BnHavf acul Co. Th« prittciple 
I vbidb the Eaa will be worked will be the Muue as that 
oa the ezperimeoial railway in the grounda of ihe 
Crjr'Mal Palaee. The machinery will be od the Sonrey aide, at 
til* VeriM-oad atatton. The whole of the works are to be eocu- 
pM«d la twelre nostlDi fmm the date of the coaUDeaoanicot. 
Tba aoet of tba ondarUkiDg will )je a^>ul XlSO.cmo. The poeo- 
Aatie afitciai by which air laapplicl t" nilW.17 pp-'pulaivu, and 
the i&«ambraiioe of the locomotiTe ia got rid uf, <tirT<-rt matartaiijr 
fnm the (onoer atmoepheric vjratem. tTDder ttie new ayaten, 
the tmbi i« wholly within a tuw or covered way, throagh which 
it ii rrtp -117 pn-'petled by the preeaare of the air behind it, wa 
lliat iiuiuuly are all the difficalUea attendiiig the continaona 
nlve and i]i« cooseqaeot leakage avoided, but the adtrrmtage of 
working with grpatly reduoed preMsrea, and with profiortioaate 
economy, ia nbtoioed. Hiqs, while the old system oeoeasitated 
a prcarore of from I2U ooncex to IGO onnoie per aqnare inch U> 
move the train; under the new, a prepare of three ouaoas or 
foQr ounces periHiaare inch is fnund snfficirat. Indetxl, in ita 
preaeot form, the pncuiuntJc »<yxtciu ia iimply an adaptation oi 
the prooMB of sailing to railwavt; the wind being prodooed by 
■l«am'p»wer, and confined m-ithiu the limite of a tube. 

F.jTutvtioftM in /ra/jr-'^Kxca vat ions niid rv5earcli increase aa 
w^ll ii) yniiDg Itmly aa in Home. On the heights uenr Torriglis, 
by the north-east of Genoa, aome atnpendous and ftrtia^otlly 
arran^fpd mlns of walk hare been la(d open, pointing to old 
I'h'i'nii-iiin or Klin^can buildingn. — In the iL.'anlt'n "( the Caffii- 
relli i>niaee, on Ihe Capitol, l^om**, interesting minH of walls 
liMVM 'ilrio bc«(i o|wuc'l by the ihking d^wn of a recent building. 
The space opened 10 fret undtr erouud prvaaots a surface "f 
70 feel. Ilin atnpendous blocks of Pcpenno, uimilar lo those of 
(lie Tahularium, and the material of the foundntiuu, ptiint to the 
ruins of tome great pnblic building, iuid it is most probable that 
it wns the temple of Jupiter Uaximoa. Hitherl<^ the Itnm&n 
antifpiaries hnd placed tint temple un the rrpposite cr uasleru 
•ide t>( tlie Capitol, f>(-cupied uuw by the FnndMsu conveut of 
Ar-ineli, and pbiccd the Atx on the lower level of the f.-'afTaretU 
pftlnce. If so, the fort rould hA%'e been enmmandod hy the 
I.»*i:;bte of the t»-mple. which in hijihly improbable. Tlie excava- 
ti»iiM .It Ofttin, the hnrbour of ancient Kome, are nctively porsn^d 
hy the two Visconti, Ijitely two fresco fisiotiufiB hi%ve been 
found, which were in perfect preservntinn, nud were transferred, 
bv a prncem which is yet a necret, from the etncco f>ii to canraa. 
The youMC*"" Visconti hna fouml a painting which represiinta the 
loiidinL' of nn iiiicii-ut Br-mau ship, and above each person the 
eiDplo>iiipnt he liel.i, ia written. 

Ruuian Tflegraptu ami JiaUa-o^it.—The Russian government 
liavc< luuictioued the I'mplKynieitt of fvmiiti?^ on Itflfgraphtt, nn an 
experiment, to be tried during three years. The persona employed 
10 be l«tween the aces of 1H nod 30, and mtist know the lIuMiao, 
German, and French Inngunges, l>esidea arithmetic. Ko married 
female will l-e employed, except the hiisbiuid ser\*es in the B»me 
lelejmipliic line,— Mewnpwi from the interior of Siberia arrive in 
the C'lulincut geucrnlly the Becoud diiy aflcr their delivery, but 
tliMo Liivc been cnBcs when such messflges renched Warsnw or 
l^iipul the Diime diiy. Ihe Itit8«iiin (t-legmpliic lines extend now 
*» fur as tlie Amur, and a diiigeniT run.i every mouth from 
Kiacbta, the Chin(->i>c frontier town, to Sl Pctcrnhur^f. 

German FbotograpU$ of Object* 0/ Art and InduMtry. — The 

Qpertal Muctum of Art and Industry at Vit-uua, bilcly etitti- 





aadUk 



(fr«K Akx- 
tfcra^ luly, 
Fkansa. Iiahr 



blMud. aa veil aa l^ GenaaakMa 
UfeUiag pbotogfapha of Iha priaeipa] 1 , 
D^MTtBunt^uwellaaobieetaof avt. 'TWi 
of twdve parts, «aeh ooBUuninii twctrc | ' 
will be sold cheap, aiiavta aad ail ■kImm" 
benefitted. — A conoos eptfi iiwn of wfaai aay be 1 
baa beea l^ely diaoonnd, dataic froia th» 
fonrteeatb oeatnry. Ita kavea aa cf wood, «a» 1 
oovend with wax. This portioa '»^*»hw 
aacicat eosloaia, riUara, (|,iMdi ns. fti . iiaalij ia 

drawinn of wnch akilT; while on the aida c 

stewards of the lord of the manor wroCa tfaairi 
&c. It aeema. tbereibre, that op Co the yaar 1400^1 
wert DC* moch oaad by tbo Ganaaa laity. 

JtaMm and Swiu JZoMMyv.— The Itafico , 
proposals some time since that the ovsriaad* 
andria) shonld be landed at Briodiai,aad 
Switzerland, and Germany, without 
fully appreciatex the value of such a chaa^i 
be nuujo iii complete the line of railway ofcr ibe fltalfiaHk, aad 
thtu effect a crimmauicaUun with the gnat aeCwvA «f the 
already existing Swiss railways. The Swiso aad Ganam 
goveramenta have been aoliciteil by the eoopaaiaa iatanaled, to 
give eamaat attention to the pnject. It is staled that the 
dtrecton cf the combined Swiss lines are ready to ohrrr 
oat the junction between lh« Spl&gcc aad Chur.' In a^iin 
p-tru of bwitaeilsnd, the intereala m eight other rnmpaaica 
will be involved, and perhape in eollimfw. The dtnct«ts af 
the United Swiss linee are desirous of efteting a joncSioa with 
the lines of those states on the eastern bank of the Zaka ti 
Conataooe. The Western Compao^ have, by a fostoe with the 
I^anoo^wiss and Preiborg-Aarau hoes, gained great advantages^ 
and French shareholden now press the goTemment of the 
Yolais fur a new oonnoetian with the Frencu linea. and for thk 
purpose n new company ia ready to oomplete the lAuauiae- 
Jougue line. In this case the Lyons company would havu to eoo- 
uect ita line of Dijon with Fangne, whereby the distanoe froa 
Paris to Milan would be shortened by 4-t kilometres. A gnmX 
improvement will be effected by the Italian line, which froa 
Siera to BrOg would paas on U>e northern, and from I>carDO lo 
Doiuo d'Oasdla on the southern, slope of the Simplon. The 
central ptwition of Switzerlan>l in the midst of aooihem aod 
western Europe, and the great traffic unoo ita Tmilwaya,haTe 
long aecuied the attention of cnpitalista. The peculiar fofmatko 
of the oountry, however. re<]uiree the highest engineering skilL 

The tntematiftna' EjhibUion at Cologne. — Prcetieal ffmlilj, 
ArchitecturaJ ,Yfcifer(a/«.— Although no other will ever sarpaa 
the great Ijondon Exhibition of 1S51, yet, afler that, the Cologne 
show clainia a high rank. In the depanmeut of practical geology, 
Voigel the architect exhibits a cleverly arranged series of all the 
Htones employed in the building of the l>omo of Cologne since 
Ii4tl to the present time. — The mtoubers of the lodge 'iJom-Bati* 
H'Jtte) ahow their art-skill in a number of architectural ornar 
ments, whicli indicate how far any v»riety of stone can be used 
for decorative purposes.— An obeliak 10 to ii feet high, made of 
rock salt, is exhibited, from the salt mine near Erfurt, lately 
opened by the Prussian government The samples of xvck salt 
from Staasfort are intportant to tlie agrieoltorist, on accotuit ^ 
the salu of potash which they eontain. Very rare speameus of 
salta, as CamsUit, Kieserrit^ Sylvin, and Folyhalit, an exhibited 
here. There in alao a basaltic column, 20 feet long, from Liuz,— 
a greater length than auy of the Ciive of Hng^.— The geological 
maps hung on the walla, accompanied by numerous specimena of 
rocke, are moft iiitere<tiii;r. as well in a scientific as in a practical 
and commercial point of view. Besides the geolugictil maps of 
Englniid, that ol the Au8\rian empire deservea notice. It i^ tbe 
tvHnh o( liAeen yearn work under the direction Of M. da 
Haidinger. Cloae lo tbe maps is a collection of rocks and foadia 
arranged for faciliuting the study of the map. A large geolt^- 
cal map of Belgium is not only aooonipanied by specimens of 
rocks, but there is another interesting map, if we may uJI it so, 
showing for what practical nsctj tbeiKt mineral substances arc em* 
ployed. There i« agreat variety of Belgium coni, as well aa build- 
ing marbles, mill-Htonea, slatt^, stones for paving, sand», marls, 
&c. A man of the Bhiui* tundii and Westphalia oomplftea the 
collection. It is composed of 34 single sccLlnu^, and its pabliL-atiou 
extended over ten years. By the lib<.>ral aasistance of the 
Prussian Mini8lryofCV<mmerce,t1ie sections aroaold at the price of 
one thaler (34.;, probably the clienpeat of geological BUpe ezisticg. ' 
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PROPOSED NEW INFIRMARY, SWANSEA. 

f Witk En^tivin^M.) 

Mi'cu attention him been giveu of late years to the subject of 

hospital coustnicliou. The lad experiences of the Oimenii war, 

and the refHtrta and eUtiidicii of a Koyal C'ommt«itioii, :it<|K>inte(l 

tv ioquire into the aaititary coa'jfitiuD of ihe tuilitary ami other 

|. hospiUls tliroughout the coautry and tie British puaacAabna 

I abroad, have drawu public nttcution to the hitherto uDMtudied 
laws of sanitiry ncience. Much good hiu already reattlt<x) from 
those ill veatigatioiis. Defects in exiHiiiig buildin);s linve been 
reiuedied, where pnicticabk*. New fclruclurM, fnllilliug every 
aanttanr condition, have been raised wherever funds have per- 
mitted, and a nftecies ufemulatinn hiiii ariapn in nil partt uf the 
kingdom to provide for the aick poor a dfgree of cnmfmt and 
mraical relief that had liitberto becu cooSiied to the aifluftit. 

We draw the attention of onr readers to a wc-rk which hxs 
recently been selected in eoiupelitton on iiH nwn merits. Il has 

I receiTcd the warm approval of Miw Nightinr;aie, and other 
•miaent aulhoriileii on this subject, on account of ita iu^^tiious 
adaptation to the ground, the aimpiicity of ita internal iirrangc- 
ments, and the adoiir^ble didtnbution of the wards and otScca. 
It may be considered the best 100-Hed Uospitaj yet designed. 
SwanMa^ one nf the munt popnloun ami gruwing towns in the 

, great iron and smelting district of South Wales, has long felt the 

kwant of a good hospital. The present building, erected some 
forty years ami on tlie a«a beach, for the dunhte purfioHe of an 
iDfimary and a salt-water baih-hon», haa latterly been fnund 
qtiite inadeqaate for the reouirementa of a very large and inereaa- 
iug working popnlatioo. To meet the urgent necessities of the 
district the intirniary committee have given the matter their 
•erioua cousideraliuu, aud, in anljcipatioti uf a ready rcttpnnM to 
their applic&tioaa for pecuniary a-H^tistance from all parts t>f the 
country, have already purchnsed a site of uboot 2^ acree on the 
oatskirts of the town. The ground is well chosen for the pur- 
poae, as it commands a suuth-west asT>ect, and lieing well elevated 
above the sea receives the soft winds direct fitim the Bristol 
Channel. 

The new Infirmary, of which we give a view and block plan, 
will shortly be commeuct'd. It provides for 100 in-patients, of 
whom ea are men, aud for a targe number of out-pattenta. In 
o»nnextoD with this latter department is a bath-house, the object 

I of the institution (whicli, we may here mention, is supported 
eatirely by voluntary contributions) being " to atTord warm and 
cold sea-water bathi ug, and medical and surgical relief to the sick 
poor from every part of the kiugdom." 

The building is divided into four distinct donartments; the 
men's warda, the women's wards, the administrative officres, and 

.'the out-paticots' department, conmnitncution being efffCU^I by a 

I oorridor ou the ground floor, and by an ojien terrace over, aflbrd- 
Ing direct acoees fmm the matron'-i ilepartment in the block of 
boilding appropriated entirely tu admiuiKtratiou. 

The ward arrangements for umlea and females are similar in 
erery respect, there being one large and one small ward ouder 
the same aupervi^ion. The large warda contain twenty-eight 
beds, the small wards six beds. In the case of the men's wnnls, 
the surgical cases, which are verv numerous here, will probably 
be treated in the large wards, ttit^ smaller warda being appro- 
priated to medical cases. Tlie dimensions of the large wunU are 
112 feet by 25 feet, and 16 feel high. Tlie floor apace per bed is 
100 feet, the cabic space per Wd 1600 feeu Between each large 
and small ward is a nurse's room, with a acaller^ coniiguoua. 
The 1)ath^ lavatories, and w. c.'s are ailnated at the ends of the 
wards, and are cut off by well-ventilated lobbies. Tlie wards 
will be warmed by open grates made of fire-tile, placeil nt a little 
distauce from the wall, ho as not to interfere with thesyn^tnutrtcal 
arrangement of beds and windows. The ventilatiou will be 

FeffectM by nash-windowa, and inlets for fresh air placed near the 
eeiling, the foul air being removed by drtachod shaft* carried tip 
io the towers at the ends of the wards. It is the intention of the 
committee to finish the walls and ceilings of the wards in Paiian, 
or some other hard-getting cement, nut this, as well as the 
employment of any bat the onlinary matenals in other parte of 

^tha work, will depend very mach upon the amount of support 

Ifiven to the undertaking. 

The kitchen and necessary oflSoes are pnn-ided for in the base- 
ment of the administi-atve block, the ground-floor being appro- 
priated for the patients' iceeiving room, a Burgery, and boo«e- 
•urgeon'e reaideutiul quarters. The first-floor contains the 



matron's department, indading a Hnen and bedding store, aud 
rooms for house -servants. The upjier flnor is spaced off into 
dormitories for day and night unraea, who art kept separate. 

There is a small building in the rear of the coixioor of com- 
munication on the ground-floor, containing an eye-ward for two 
beds, and a small room for operations. The out-buildings cum- 
priae a laundry and a post-mortem roimi (to be used aa a 
diaaecting-TOom), with a dend-houHe attached. 

The buildings will be coustrucied of coursed rubble masonry, 
from the immediate locality, with di-eaaings of Bath-stone. The 
floors of the wards will be of flre-proof construction, aud the 
windows glazed with pUte-glatui. Oi-dinary materials will be 
employed in oUier parts of ilie building. Id an early number we 
shall fjive the deuils of the ground-floor and first-floor plans. 

The architect is Mr. Alex. Graham, of Carlton Chamber*, 
RegcDt-slreeL 



IMPROVEMENT OF TOWNS. 
By Jakes Lemon, A.I.CE. 

No. II. 
(Cwtintted from p. 187.) 

In continuing this anhject, it in the iutentioo of the author to 
aild a few remarks ui>on the formation of new struela, which be 
considers of primary importance, and therefore has given the 
fii-st consideration. 

In the previous article the chief object has beon to prove the 
deaii-ability for these improvements, and the beneBcial results 
which have accrued therefrom; alao the progress therein which 
has been made in the metropolis. 

In laying out new streets, and in widening existing thorough- 
fares, the wants of the inituediate locality are often only taken 
into consideration, without looking upon such improvements as 
a part of the comniuuicativu of the town taken aa a whole: 
although the ratepayera naturally look upon ceutralizatioD as op- 
pCKied to civil rights and privileges, it must be admitted by tlie 
most earneei supportcre of local self government, that it is only 
by a central authority that large and swooping improvements 
have been auccewfuHy carried uuL In some of our provincial 
towns street improvements have been designed aud carried out 
in a much more libenU spirit than in the Metropolis, which, 
from ita larj^e population and rateable value, should sot an oxample 
to all other cities. It i« not to be supposed, however, that the 
rntepayem of Ijondon would boar anything approaching to the 
i-iiorniouB taxation imposed upon Paris, amounting to about 
£a I.'* iwr head-, bm siill, it is hojwl that the compnris-»us 
which we continually hear between the two capitala, to the 
disparagemeut of our own, will infuse into the London raie- 
p.-iyer8 »i>me Utile patriotism, and induce them to put their 
hands into tbeir pocket«, aud unitu in thvir endeavours to make 
the streets and buildiugfi worthy of the largest city in Europe. 

By means of a very small direct Ux upou projwrty within the 
raetropoliUn area, a aum of mnnev could be raised sufficiently 
largo to enable the Metropolitan Board of Works to csrry out 
many desirable and necessary improvements, which, from the 
want of the requisite funds, they are now nuable tn do. 

To meet thia dithculty, it is suggested that powei-s be granted 
to the Metropolitan Board by Act of Parliament, authorising them 
tole^i-y a tax of one penny in the pound upon property within their 
jarisdiction, to be called the Metropolitan Improvement llaie> 
which would produce aboat £60,000 per annum; although this Is 
a very email sum, when we consider the work which is to be 
done, jot, by judicious management, much might be e9"ected 
which would be of great benetit to the metropolis. According 10 
Mr. Penfold, in his very excellent paper on Metropolitan Im- 
provementa, in last month's Journal, the actual net loss oncanr- 
ingout anew street is equal to one-half or two-thirds of the 
money expended. There is very little doabt that by purchasiag 
sufficient depth, aa before stAted, we should, by the sale of the 
ground rents, reimbur&e 50 per cent, of the expenditure. With an 
annual income of £W,*W) per annum the board would be enabled 
to borrow £l,(Km,liOO sterling, if the Commisstouerd of the Tcea- 
auf)* were authorixed to guarantee payment of principal aiid 
interest, as in the Main Dnunage rate; this capital would place 
the board in a poaition to do aomething towards lesaeniutf the 
diOerence in architectural beauty which now exUls betwetn 
Loudon and Pari«. 

M 
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In traatiug this hranch of tbe sabjcct, the Author muvt apolo- 
giie Ut his proviucial readers if be Has ^welt loo long iipou 
the Emprovcmeut of Uio Metroiralia, but tbu obji-<-'t iiougbt ia 
inertly the iUuBtration of geueru priDciplcs which the Metro- 
polis, from its being the most known to the majority, beat tends 
to eooray. 

Id deaigniDg new gtreeta, particular care sbontd he taken that 
the traffic ia not ooncentrated upon any one |K>int, as it is evident 
the chief object soaght, viz., improve^l trough cooimuuicution, is 
iiot attained. U is feared by many who have given thiti subject 
soma consideration, that this error will be perpetrated iu tbe 
junction at the Mjuiaiun Ilouac of the proposed new street from, 
tbe Thamca Einbaukmcnt: this point is already ovor-crowded, 
Bod when the increased traffic, which will necessarily flow down 
the new street, is added, great confusion must be the re«ult To 
obvifttc a dinjculty of this kind, the plan pi^poscd by Mr. Hay- 
wood, the City Eugiueer, to provide for the traffic at tbe junction 
of Ludgate-hiil with Farringdon-street — viz., the formation of a 
eitvus — is an exceedingly good uue; <ir the tAiue thing may be 
aflbcted by the formatioa uf diagonal streets oe-'U- tbe point of 
jODctioD. 

StttfWftyi. 

The necessity for devising some means of obriatine the aunoy- 
anoe to the public by breaking up tbe streets, and tbe partial 
stoppage of the tra£c caused by laying gas and waiei^pipes, has 
long engaged the attention of the municipal authorities.* Aa 
early as April, \S!)7, the whole subject was referred by the Melro- 
politao Board of Works to several gentlemen of emiuenco, to 
report thereon. The board having advertised for designs for tb« 
best nii»Ie of coostniotiog subways for receiving those pipes, 
thiriy-tiiiio plans were sent in, and the eommiiteu awanlcd six 
pivniiums, viz., for a first-ehua street— 100 guineas fur the beet 
design, 90 guineas for the second, and 10 guineas for the third; 
For a 8ecoua-cl.-v<8 street — ^0 guiuea6 for the first, 20 guineas for 
the wKoud, Hud H guineas for the third, The comniittet-, how- 
ever, stnted that they were not satisfied with (be detail arrange- 
ments of any of the designs. 

Tn the year I S60 the board constructed their 6r«t subway In tbe 
new street nnw called Garrick-street, Covent-gardeo,t which was 
desigue'l by Mr. Bazalgette, and carriefl oat under his superiu- 
tv'udeDce. They have likewise cuustrncted a similar subway 
under the new street, Southwark. Tbe coxt of a subway of the 
present sectinn, including side gallertpA, may be hirly taken as 
an average at £'^ per foot nin — the price of course will vary 
actMrding to tbe width of the street, as the side paamges are 
iiicreased or diminished thereby. The cost of the vaults uuder 
tlie footway nre charged to the leaaehuUlers, or added as an 
annual chaiye to the grouud retiU 

The utility uf subways no d Is interested person, who ia in the 
habit of passing through tbe crowded streets of the Metrop<dis, 
can question. Accordmg to evidobce given before the parlia- 
mentary committee the nuiuber of trenches opened in tbe under- 
moDtioned iliKtricts of Jjondou, was as follows: — 

Si. Martin- io'the-f^filda 1866 bo 1863 uidusiva .. 10,177 

St. .Mnrylebone . Ih5» to 1863 „ 44,933 

Strand Di«trict Mny, nS^ to May 1864 9474 

St-.Tftnus', WMtmiiutter 1S6U to ];jtt4 0445 

Uolboni District ... 1^59 U-> 1863 inolusive ... 5332 

Pkddington ... 1859-60 1^ ltiSS-64 ... .« BS26 

Aa regards the practical difficulties in adapting sobwAys for the 
•coimge of gas and water mains, there is coaaidemhle difference 
of opininu nmniigst (he most eminent engineers who have eun- 
sidere>l the siitijt*cL The chief objections which have been 
raised by tha grui and water mnnopoly of the metropolis are, 
liability to expluaions; want of space fur large mains and 
valves; i\ud cost t<i the companies in removing their old \nj\«'H 
aad relayiitg them in subways, if constructed iu existing streets. 
The pei^cfntrtge itf air which is recjuired to render gas explosive 
ia stateil by Mr. Hobert Jones, the engineer to the 0>U)merciai 
6fl« Company, at from 8<H) to 900 per cent. This is generally 
speaking a>;reed to by other authorities on the subject Tbe 
amount of If^nkage in gas pipes is Htated by Mr. Hawksley aud 
Mr. H. J.jtips to he fwim 10 to 25 per cent. This so-called 
'MeakAge" ia accoimtcd for by Mr. Hawkeley aa follows. He 
•ays it includes the g<u burnt upon the compniiy'^ works, the 

■ HiBBiM of Erkleoo) Ukea btSon ttt Bcled CaauBlllR on tha U<-|m»)ltaa 
f awU JOviaMT and ArctHtfCU Jvunul Ho IH, Vol. xxlr. 



imperfect registration of meters, over consumption by the pnblie 
lights, stCHhigo; and, lastly, 5 per cent, only is dne to tbe 
qoantity of gas which exudes from the mnins. Then, if 
5 per cent, only escapes through tbe joints from bud workman- 
ship under the present system of laying the mains, it is reason- 
able to infer that, with mure efficient iuspectioD, the escape of 
gas in subways through pipes laid upon a solid substratum 
would be reduced to a minimum, and with better ventilation 
than we have at present there will be really no more danger 
than now exists ia large buildings where there is » large 
supply. 

It 18 very curious and worthy of notice that in tbe gnaX 
oontroverey as to the employment of subways, the only evidenc* 
which was given b^ a disinterested eogineei, vix., that of Mr. 
Tarhotton, of Nottingham, was in their favour. It it uucfa (o 
be regretted that upon whatever scicutitic subject evidence is 
required, there is not the slightest difficulty in obtaining any 
number of witnesses either for or against; and that genlTemen 
who are an oruauient to their professiou should ap|tear as advo- 
cates, and not for the purpose of promoting the advancement 
of science. 

The next objection — viz., the want of space for large maina 
and valves, is merely a question of mechanical arrangemcot, and 
one which an ordinar^ amount of profesaiooal skill would 
easily surmount. If it id cnntemphite^l that a 36-ioch main or ft 
great number of pipes will W necessary in any street, the 
subway can he designed to uks them: the size is not limited 
to the area of the existing ones in the two new streets-, and 
for the valves which arv requireil a diamber oouhl bo con- 
structed by arrangement with the companies who supply the 
district. 

The total height required for the screw eocka or valree on 
the 36-inuh mains of the New River Company ia 8 ft. 10} in.,* 
or nearly three tiroes the diameter of the pipe, and the total 
width 4 ft. 4 iu. Nut )>eitig confined for space there has been 
no necessity for limiting the height of the gear; hut without in 
any way disparaging the design uf these valves, it may be tuitiy 
stated that tbey can be made to occupy less space with equw 
efficiency; for example, the total height may be reduced to 2^ 
diameters, there having been large valves cimstraeted upon the 
Main Drainage works with a total height fur valve and gear of 
leas than 2i times the height of the vnlve~»then why not in 
subways 1 The lloor of Uib present subway is !) ft. 9 in. below 
the stirfiice of th(> street; then allowiDg 18 in. clearanci- Iwlow the 
valve, we have S ft. 6 in. left for valve and gear, which is only 
4^ in. lefts than tbe height reipiiretl for tbe largest valve upon the 
New Hiver Company's mains. But as the present Ic-vel of the 
floor m:iv be lowered in the fulcre subways, there will be ample 
space f'l' the largest valves required. 

Some of the water companies are likewise alarmed at the pro* 
bability i>( leakage from the water mains, which their engineers 
state will flood the subwuvHi but as tht; re is a sewer immeijiBtely 
under tha dooriug, of greiiter area thiui the largest main, into 
which a number of openings can be easily made, it in difficuU 
to nee how such an objecUo'.: can be maintained. 

The cc^xt of laying pipes iu subways as mmjiHred with the eoet 
of laying the pipes under the present system can only be approxi- 
raately estimated. It alwtiys bappeiis in the adoption of a&y 
new motle of working, that there are certain disodvnntagee nuder 
which the workmen labour, until they have acquired a pt^pv 
knowledge of the subject. The cost of laying the pipe* at tbe 
present day, although the price of labour is locreaaod, ia pef- 
formed at a less rate than forioerJy, because the workmen ore 
masters uf the routine, and have every facility which modem 
appllancvs can give. So it will be iu subwHys; with a tramway 
in the centre for the tnnspurt of the pipes and Okaterial, with 
iucreiiMed space at the juuctious of streets so as tn do away with 
special bemia, with increasm] light and ventil-itinn, and, the most 
important of all, with the desire to )>erfor:ii Uie work in tbe 
chea[>esC and most etficieot mauner ; there coQ be do doubt 
the oust will not be an impedimeut to their use. 

It is to be hoped that the borough survevore and otberv will 
follow the example which boA been set by Mr. I^rbottoa at Not- 
tiogham, and that the gas and water engiueers will unite iu tbe 
desire to give the system a fair triaL With such a oombiuatioD 
of professional skill there can be no question as to the reeolL 
(Tobti etmtinit&l.J 

■ Mr. JsasB Msir, nsidcat doglaosr, Vew Sirec OoBpsaj. 
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PATTINGHAM CHURCH, STAFFORDSHIRE. 

Patttnoiiam, a retired village, eitiiAte a few miles from Wol- 
verbAtuptOD, aDd near th« bordei-s of Sbropsbire, possesses in its 
church an object uf unaaaal ioterest. It is a structure which 
beam evidence of (pvat antiquity, nud, like the cathedral church 
of the diocese at Lichfield, is odo of the comparati rely few build- 
ings dedicated in honour of 8t. Chad. Pur some years it has 
been undergoing the process of careful resioration and eolarge- 
meot, under the direction of Mr. Gilbert Scott, and the whole 
being sufficiently completed, it was duly reopened for divine 
aemee on the 2Sth ult The plan consisted uf nave, chancel, 
western tower, and south and north aisles; while the order of 
this enumeration may be taken as n genei'al index to the succca- 
aive dates of its erection. The most curiaat part of the plan is uu- 
doabtedly ita (luaiiit little Norman navi>; its itioat tfaluabte featnre, 
the grandly simple, butapaciuua, Early Enf^ttsh chaucel, the design 
of which in some respects may be prouotuioed unique. The 
position of the tower, Uio, should be meutroned, an it stands 
entirely within the churuh, and ih built perfect of itself. This 
arrans*''*ii'^'*t partly acciuou for the shortness of the nave, whicli 
is only two bays in length, while the aisles are extended so as to 
be flush with the west wall of the tuwer. Upon the Norman 
pillars and arches on the north side were discovered portions of 
coloured decuratiijD, chiefly in zigzags, which, U'lwever, it was 
found impossible to preserve. Durinji; tht: restorations, the old 
doorway leading on to the roodluft wm discovered, as may now 
be seen in its maimed form— one of the nave archca, which is 
of more recent date, interftriug with il.-^ full development. 

The chancel is both longer and wider than the nave, and of 
lo^ proportiona Its north side is -livided into three eqnal pnr- 
tioos by slender buttresses, which art; tarried np from die ground 
till they weather under the eavaa, witliout any intermeiiiatc 
iatKiOii. a bold ehamfer, stopped at to}> and bottom, being substi- 
tuted fur the ordinary square angles. Corresponding bnttresses 
are placed at the N. k. and 8. J^. ansles, and Mno in tlie centre of 
the east wall, — a very pecutinr arrangement, and one which 
motadtates an equally hingnlar fact — viz., two separated 
vindows in the east wall iusteud of the tisnal central group. 
In the present case thene windows are ordinary laucete, with very 
simple tIetailH, and precisely similar n^ thoiw on the north and 
south HideH. t ri the centra of the eaatgable abttve U placed a " vesica 
piacia," which is quiie characteristic of the style. This chancel 
was the first portion of the restoration attempted, and it wan 
completed a few years ago at the sole expenne of the Earl of 
DartiDuutli, who has al84» been a liberal contributor to the 
Bttbsequeut undertaking. The tower itself is of plain design, and 
b surmounted by maaonry indicating the commencement of a 
spire, but which, it would seem, was never carried out. The 
lowerstnge consists of three open arches within the church, while 
in the west wall a hmdsume shafted doorway now replaces a 
very meagre entrance. The large dio^'onal buttresses at the 
. angles are carrie<i down within the building, precisely like those 
outside, and clo«e Ut one of ihem stands the iirimitive-lookiug 
font, on a new sLone base, in chisa proximity to the ancient 
■tone book-ledge built in the wall, which has been carefully 
preser^'ed. It may be mentioned that there exists in an upper 
■tage of the tower a fireplace which bean some indications of 
aotiqnity. 

Tbe Houth aisle is of late Decorated character, the east window 
being a four-light filled with good tracery, while the south and 
west windows, which had been mostly churchwardcnised, are now 
properly restored. This aiale is amsiderably wider than either 
nave or chancel, and the east end has originally served as a 
chantry chapel: the piscina. &c. still remaining. In the western- 
most bay is u<jw wJdeii a hiitidsome stone porca. That which till 
recently stood in place of the old north aiHte was of most un- 
worthy desi^'ii, nii>i badly built. This may now be considered a 
fortunate cii^umauuoc, since there could bo no scruple whatever 
in removing it, and thereby meeting the denmndd for enlargement 
as well as restoration. Thin httn beenaccompUshed by the erection of 
ao entirely new aisle, of KUitable pruportioua; beyond which, and 
•eparated from it by a handsome atc-nie,is an additional north aisle, 
of large area, and with a detached gabled roof The eaat end of this 
extreme uorih aisle is appropri»ted as a vestry, being separated 
from the church by an oak screen of simple yet chnmclerlatic 
design. The new portiotis have been carried out ia the Decorated 
•tyle, the wiudowi being fille<1 with tracery in various patterns, 
and the doorwaya richly moulded. 



The piers and arches on the south side of the nave areeutirely 
Dew, and the clerestory of the nave being of very late design, and 
in bad condition, was taken down, and has been rebuilt iu amore 
befitting manner, while the debased low roof above has given 
place to an open one of lofty pitch, covered with tiles, which 
proves to be, both internally and externally, one of the most snc- 
cessfut of the allenttionn. Xl] the sittinKS are new, having 
moulded elbow-ends, and without donrs, The aisles have been 
paved throughout with plain red and black quarries, and an 
efficient warming apparatus is provided. The pulpit is octagonal, 
the lower part being of Caen stone, with a central shaft of Derby- 
shire marble, having a richly moulded cap and base; the upper 
part ia of oak, with shafts at the angles, and each compartment 
Dciug subdivided by a couple of open traceried arches, springing 
fmm detached shafts. An oak lectern iaoUo in pre[)anition, and 
will stand in the uanal position. 

The niasonry generally has been repaired wherever found 
defective, and the tower strengthened; the flne set of Wlls, also, 
hiu been under the care of Messrs. Meats, by whom tbey have 
been rehuug. A new ringing floor has been added; while it is 
nee'lIesM to statu that the objectionable west gallery has dis- 
8pi>eai-ed. 

Ill the c-inTing out of such extensive works a large outlay has 
been necessited, but all interested have co-operated freely; the 
victtr uudertaking a memorial aisle at his sole coetf while snndry 
apecitic gifU iu minor degree have served to enrich us well as to 
Complete the rest It remains to mention that the whole haa 
been most efficiently performed under various oontmcis with 
Messrs. I J. and F. Higham, builders, of Wolverhaniptun, to whom 
the work was outnuted without competition, and who prsiae- 
worthily contrived so to manage matters, that it was not onee 
found requisite entirely to close the church during these mnlti- 
ikrious operations. 



aOMB ACCOUNT 4)F HENRY DE YEVELEY, ONE OF 

THE ARCHITECTS OF WESTMINSTER HALL.* 

By John Gouoh Nichoi^, F.S.A. 

Th8 biogmpby of English artists iu general during the middle 
ages hai) been a subject greatly neglected, to Uie prejudioe of oar 
national reputation in comparison with the continent of Europe; 
and the names and wurks of our medi/eval architocta have shared 
in the comiuon fate. 

In the illustrated edition of Walpole's ' Anecdotes of Painting.* 
&Ct 1828, the editor Mr. Dallaw..y lijw given (at vol. l. p. ^06) 
brief notices of soma balf-duzeu "cminunt maater-m.isons," of 
the fourteenth and fifteenth ceutariea, but among them is not to 
be fouud the name of Henry de Yeveley. And yet this architect 
was Mast«r-mason to three successive Kings of Kngland, and to 
Westminster Abbev; and records are still extant that he was 
employed in many important works, pnrticutarty in the remodel- 
ling of the great hall at Westminster during the reign of Richard 
the Second, and iu the erection of that monarch's tomb. 

Walpole it msy be presumed discredited, orut least he ignored, 
the statementa of an earlier writer, that Henry Yevcll built for 
the King the Loudon charter- houae, King's ball at Cambridge, 
and LjueentKirtiugh custlu; and that he rebuilt St Stephen's 
chapol at WeatmiDster. (Cuustitutions of Frecmasouy, edited by 
James Anderson, M.A. 1738.) And iu the earlier edition of ths 
same Coustitutiuus (by J. T. Desaguiliers, 1723), Henry Yevela 
bad been mentioned ^p. 31) aa "the King's Freemason or Qeneral 
Surveyor of his buildings, employed in building several abbeys, 
and Su Stephen's chapel at Westminster. Preston saya he was 
one of the five deputies appointed by KIward III. to ins[)eotthe 
proceedings of the fraternity cf Masons. 

Some of these statements are indeed probably guess-work. St. 
Stephen's chapel was began about 133U; (jueenborougb castle is 
attributed to the celebrated William of Wykeham. 

Some slight notice of Yeveley might havu foand its way ioto 
Wal[mle's work, either from the collection of Rymor, or from the 
more popular 'Survey of London' by Stowe, where his intermsot 
ia the church of St. Magnus uear Loudon Bridge is mentioued, 
and he is designated as Freemason to I-Ulward 111., Richard II., 
and Henry Iv. Stowe says "his monnment remainetli;" but be 
does not describe it further, nor give the epitaph, of which no copy 
appears to be extant, the origtonl having probably periabed in 

■ Tnawdioas tt Um Leodoo sad UklOima. ArakMuloglcal BooMr- 
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the Qreat Fire of 1660. Stt^pe, ia liie edition of Stowe, addfd 
a few brief notee fivm YeveUy's will; ami this liu uow b«eu 
recovered from ibe Hiwlings rolls. The name of Yevele is 
evidently local, and it was probably deriveJ from ilie town in 
Somersetabire now calltsi Yeovil, — tliia being one of the many 
ancient forms nnder whicli that place ap|>ear». But of Vwck-y s 
in)me<liate parentage or fiiniily uoliiing haa liittierto Iwiru 
discovered. 

Henry de Yeveley, maaon, was director of tlie Kind's worka at 
WtMtniinster »■ «arly as I'Mi, If not before, and during the .,64 
dftva from September iH, anim regni '■i'j, to September £7 in the 
following ywir, he receive*! the wa^es of one sbilliug a day.* At 
tbe same date ho sapplied 7000 Flatiders tiles, for pavements, at 
6«. 6d. tie lOUO, and six nioonc^Us of plaietor of Paris at lit. tbe 
inouncell.t 

In 1306 the name of Heury ile Yeflee occurs na sopplyiug some 
of the stone required for the works at Itncht-sier castle. Thirteen 
tons of Staplet<in freestone were purchased of bioi at 8*. a ton; 
and 32 tons of Thomas ntzjohu.X 

In 1370 Heury de Yevt^ley, niason, was employed to retain 
masoDs to be sent in the King's retinue over the sea, and was 
paid the sum of £S l2».Gd, on thiit account.^ 

On the lat July, 1376, at the reauisitiuu of master Henry 
Yeveley, then tenant of the manor ut Langeton ia Purbeck, an 
inspexiinuA won grniitdd v( the- rccoi'd in chancery of ihe libt^rLiea 
of that manor, OS (lttt:rmiiicd by "quo warranto" Iwfore the Kiiiy'a 
jofltices at Sheibourn in C Edw. 1. |l It was di'ubtJess a» a 
merchant in stone that Yeveley bad become iuteresicd in thai 
locality. 

In 1381 master lleury Yevele was employed to engage thirtj- 
stone-cutters (latomoi) for the King's service.1I lu the fiiune year 
he designed the south aisle then undertaken lo lie addcil to the 
cburcli of St. DunHtau's in Thaiufa-sii-eei, at the expcuw of Ltjrd 
John Cobham. The inJeiituit* of agreement is .ttill prenervetl iu 
the British Musoum. It was made on the eve of Christmas 
5 Ric II. between that noblenmn and Nictiolas Tyi>ei-tou mason, 
and tbe aisle was tn be eTvcttnl "aidom hi di'vyae Meetre Henry 
Ivelegfae,**aa his name ia written upon thatooc&sino,**st the cnut 
of 25 marks. Iu the luuue year, at Michaelmas, ht h;td received 
from Lord Cobhnm (uuder the denigiiiiiion of '* Masoun el citezeiu 
de Loundres") the suin of £iO doe tii Thomas Wrewk mason for 
the works at (^uwling castle, near the junction of tbe Thames 
with the Medivjiy; and by aunther still more iutei-esting docu- 
ment, dated the :i3nl July'in the following year, we titkl thai he 
was employed to measure the work done at llie same castle by 
William Sharnnle, wliich amounted to tlie CoSt of £i-'tG, of which 
£270 10*. 4d. wast that day paid.tt 

In 138a-4, by letters paieut dated 20 Feb. 7 Rich. II. nnder 
the deslguatiun of" Henricns Yevele Iatomu«,"he was confirmed 
in tbe possession of two shops aud fftur shillings yearly rent, in the 
parish of St. Martin Oteswicbe, fomiei ly the property of Master 
Kxcr-«tre, and which he had recently pnrchw»e<l of John Toten- 
ham, carpenter. This conftrmation was considered necessary 
because he feared that he miubt easily Idho the projieriy thi-ongb 
the pi-ocuremeot *>( certain rivals who had endeavoured to churc 
it, by false colours, t-o W seized a^ an ettchest to ^lle crown. The 
King's favour in the matter was c^MK-eiled in cunnidoralion of the 
greot Inbuurs which the lUiid Henry ditdy siisiainc^i in the royal 

service, Jt 

ByauiudcnturediitedSO April, "Rich. H.(1383),betweenHenry 
Yevele, citizen and mnson of London, oi" Ihe one part, and 
William Paluiere, citizen and bome-denler (''merchant dea chi- 
vanx")<)f the sanif: city, and Isabella his wife of the other, tho 
former party gave to the latter a yearly rent of 40i. isaning from 

■ BnrWi W«UliMUT r&Uce, 1S3C. p. IM. t Itdd. p. JiO. 

I rabhc nil fhua 11 June, 40 Kdn. HL toll Jan. il Kdw. 111. fuaiei in the 
■ Ard»«l(vU C«miu(i.' ii til 

Iiwaelbtll ofllMmM d<< <inw<lu Itan. Biriiop of Iwtsr, ud TRMorvr, 4t Kdw. 
u fditad bj Vrtd. Dcvun, is.v., ji. S. Yft'daj ud tbe workineasR bllcaltod 
"ulMWrrn" bf Mr, Devon, bul U^lr dMlsnMtnu ia the orUiul l« doobtlBM 
"(.■jcmEntarit-" Ttff "ewmwvUwUi." «u ■ baildM- Id "Uinc; »M "UUioiaua" or 
'■ Uunurnt" a itoocHxirver urcatbr : bul iJroUUjr la nw; cucm either Itna vm nud 
fur muoDf witboBt dLKntnUuciuti. 

4Xot. I>at. »0 lid». IH. >a. n. 
Rnv't OdlMlUu)*, urlt. Hiu. Unri. M". U»S. 
** HarlalM CbMl«r». 4S E. U: priaK>d ia th- Acooanl or tbs Clisres ot St. 
UuuUDla-lbft-Rul, hj- ttt Lit« JlMXir, Um Hei. T. S. Uainr, M.A., ¥.^.\.IU9, 
sibkII qnutOa p. 10. 

II Tbow dooniMaU Art printoJ id Uta Frvcmuou' Haiulne ud Maaonic Uliror, 

U "Km df grocia QMlraaprriBU iA •uppIieMrloDn prvtui nrnrl<-i. nnMlilsraooos 
■Mgnonsi Uborsw iium Imc in •vrrioiii umtio luitiea auaUnvt, itatoia qsm IpM 
jg jriMW • kc " Tbe onma) iMiuut, wltb the tvjal toal tit wUle vrz. b prti(rtc4 
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bis lands and tenements in tbe parish of St. Martin Oteswicbe, 
on oohditioii that If Margaret the wife of Henry should survive 
her husband, and a^tk fier duwer of a teiiemeul with four shops, 
together with -U. of qiiit>rent issuing from the tenements uuc« 
beiongiog to John Tudeuham, carpenter, which tbe said Williaia 
and lsal>ella held lor their lives, of the grant and leue of 
snid Henry, by the service of 20«. per auuom, then the 
aunoiiy should be in foi'ce, bnt otherwise void.* 

In 11 Rich. II. Master Ycvclee was cbiof mason of the ne 
wurk ihon in progress at tbe church of Westminster, nud received 
f >r his fee ItKU. a year, willi I.'m. for his dreus and furs. Ucnrv 
Zyevely is aUo uamed as cliief mason iu 17-lS Ric. Il.f 

At the lutter date he waa a party lo two very remarkable 
engagements, which are preserved in the collection of Rymer. 
The one, dated on the 16th March, 18 Ric. II. (1235) is an indru- 
tare for making, well and faithfully, all tbe table of the walls of 
the Great Hall within the palace of Westmiusier, on one side and 
the other: raising tbetu for 2 feet of aseise, and inserting twenty- 
six Bousses, or corbels, of Caen 8ium». The parties to this agree- 
ment were the King on one part, and Itichard Wasshbouru and 
John Swalwo, masous, on the other; and the work was to be done 
aconriling to the purport of a form and model made by tbe advice 
of Master Henri fCcveley, and delivereit to the said masons b/ 
Watkin Waldon his wanlen. These terms — " selonc le pnrpor^ 
d'uuo fourmc et mvilde faitv par couseil de mcstre Henri Zeveley.' 
surely raise Iiim to the dignity of nn architect, and invest hint 
with the credit of having de^igaed some of the more couspicui 
fitalures of Westminster Hall.t The same observation may 
made with regnni to the wonl " devyae " already quoted from tha 
docnnu'Ut relating to St. Dunstin's-in-the-East. In both eiuie« 
otLier miMOiis were employed uuder bis direction. The aouses, 
«»r ofTht^U, ill the hall were clenrlv introduced for the suppoi-t of 
the gmnd ro{)f, which has been mo much an object of Iht* admira- 
tion of snbaequcut ages. Wu have no antbuiity, bowsvar, to 
attribute the merit of the timber work to Yeveley. In the divi- 
sion of labonr wbicli wax then prevalent,^ it b probably due to 
the mastur-farpcuLcr, utid the name of Nicholas Walton is found 
in that cqiacity. 

Another indenture, dated ou tbe lal April (within a fortnight 
of tlio preceding), relates to the " tomb of Que marble " still 
remaining in Westmiustor Abbey, which was then nudertakeu 
to comiuemonite the reigning sovereign and hi» queen, Anne, 
daughter of the Emperor of GermAuy, recently decea^d. It 
was made between the King on one part, nud Henry Yevele and 
Stephen I>itt', citt£ei)s and n)a.->on8 of London, on the other. 
(Tbia Stephen Loie was afterwai\Is an executor of Yevelev'* 
will.) The tomb was to be miulu after a putlern remaining with 
tbe said masons, under the seal of the Treii^m-er of England, to 
occupy in length all the sp^icc iHitween the pillars where the said 
Queen waa interred, aud to bo ruined to the same height as th« 
tomb of Ed.Ill. It WiLs to be 6ni»1ied by the feaat of Si. Mit^ael 
in the year 1J97, at the price of £iiM.{\ 

Yevelev died in 1400; and by his will, dated 2Slh May, I Hen. 
IV. enrolled in ths Court uf Huntings at Gnitdhall, by John 
Clifford, mason, and Martin Semaii, cJerk, his executors, lie left 
his body to be burii'd iu the chapel uf St. Mary within tbe cttnrch 
of St Magiiua, where his tomb was then already built U* 
devi<>ed a tenement with hotises, shopn, &c. on Oyster-gate, in th« 
parish of St. Magnu&at Loudon BriJgp, purchase^l 43 Edw. IIL 
of the executora of John l^ovckyu, once Mayor of Loudon, and 
certain tenements with a qua}' iidjuiuing, c:dled Fish Whai-f at 
the Hole in the aA>rcs)tid |iarish uf Su Magnus, purchased 14 
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* Fram Um ortcluU umuq[ the BulaiSD ChJirtwa, Ss D. W. lbs mil hu bMa 
loat. 

I Fabcle Boll* anpnrded to ■ OloaatiiK* finm WMtnlanei Atibtj.' bjr Oaargc Oilk 
Soott, ft.A., F,8.A. 1091, Appaudli^. tS. 

1 HTtcer, FoBdsTS. Ice *U. T»l Tbt^ u'uuo i* then ialnniai«d Zraekr. 8m ib^ 
Abttrmct Df ttw auDe ducuiaent In Bnj-lajr'B WiMtiuluilar l*aU<«, ^. 4ST. 

^ Boiti« interaittlag lApera ml Umw nbjccU by Ml WfaH PuiiwrUi wUI Ir bandl 
in the Trauaactkm* of the Rajid loMituw tif Briluh Arcblt«cu; Me ih»t mM 
"6upeiiiileoitniU, kc." ISeO, Jmi. n. p. U : and Ibal u» '* HmIcc MaMan." tS^f 
Dm. S, p. &T SU 1 with the 1nit«i U boCb pamra. 

li Tbij indcDlnrv li priutctl In Byrnxfu csUectlM. t^iI. vU. p. TU. " Mraids 

SooC uTijl* die An^«ii aiivo r K. fUb aDoandi xvifl' dcuBiaaa Johaaaoc : 
lerlcu* IflMntrU In Thnuiuniriain altsnun partem cqJBadani Indanloni fbcba I 
duiflhsBia l(«|(«m aa una jmnt at magiatraa Hasdeun Vvrdt st i>l«|4uAib 
tatoowB ex ukra psrU, pro nas tnaiM awroiarfa hchiBda at n|«notfa pro x. 
aspar Hqfina Aiiclus «f pro dUto duoino R*^" At th« wine tlnw sgiMiiKnt i 
aiiida br the rojrsl sflglM, vblm vara ts 1w sshiiM by Ntcbolsa bnkar and Oea_ 
Bttit eoperwDTtlu of LMtdoo. (Paljpan, Oalcodara. Ac o( ib« BxdMqnr, lUS, 
£0.1 FsriB«Dt> u YeTtlejr and Lots on •eooaoi of tlicuimiinxur to Devoa's T' 
fram the Iaau« ICoUa, IBtT, tf. S39, tU On th« tubiMil o( thu maamDAM. mmmM 
partlovlarlj iU heraldic dorloca, tecs Hmuirbj tha pnwatsrltw la IhsAnkMOflB. 
TOl.XXtX. pp. t3-(S. 



THE NEW YORK 
PUBLIC UBR^RY 







KK^n^n^y ^asHGiyHu oHy-scnooi/s. 

JOHN 3.q\)l\.Ti*,fcRCW' 



UH'Uim 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



225 



^c. II. of John Horn of Northfle(«, !&t« citizen ami fishmooger 
of London; mid ftlso anotber toncmcat witU a quay a^ljoining, 
annexed to the said Fish Wharf within the Uole afureeaid, on the 
«aat part, once boloneioff to Thoniaa Osbern sod and heir of 
Qouelin de Clrve, and atterwardu to William Polle ^shmuu^r, 
parefaaaed of John Devene and his fellows 17 Ric. 11^ and an 
annual rent of 13«. 4d. out of a corner teoemont, sitoate upon 
Ojster-hill, opposite the church of St. Magnus and in the aaid 
.parivb, purchaAed nf John Southcote eiiq. SI Kic. It.; all which 
be devised to Katherine hia ihun wife, for hrr life, on ctindition 
■be remained sole and uanmrried, and that she shoald provide 
two suflioieiit chaplains to celehmle divine service at the altar of 
St Marj in the aitd church of SL Mafiiiua, during alt her life. 
for bia aonl, and the souU of his late wife Martfaroi, Hozer and 
Mariona his father and mother, his brothers ana ^iiiera, Tiia lord 
Kini; Edward the Thir<l, Sir John de Beatichamp kut , John 
Haket, and all to whom he was in duty bound, and uU faiibfal 
•ouls. 

And afler the decease of laid Katherine, or her not keepinn 
•ole, nor miintaiuioz such two ohaplaina, he devised all the said 
premitwa to Sir William Frauki^b, parson or n^lor of St Mag- 
noa, and bia Hucceaiora, and to Kdmunrl Rolton and Peter Btake, 
wardens of the fabric of the flaid cliitreh, and their aiicce«)tor« for 
ever, for maintaining two chapUiii!! to celedrate divine sorvice at 
the said altir of St Mary, fur the tiotils oa nfureiviid, and to 
maintain a tamp porpetunllj^ burning', day and uifjlit, before the 
SaluiaitoD of the blessed Maty in the af>'>i-esaid chnpel, and to )»y 
yearly to the parish clerk lid. for keeping and Hghtiug the aaid 
iaoip when UL>c<^asar/, and to the rector uf the mtd parish 1U. 
yearly, foraayingorainging with the said cimplaiui "pl.icebn" and 
"dirige, cum uoto," and one moaa on the textator's anuivenuiry 
tar hia eonl and the aonli aforeik\id, and 64. yearly smonff all the 
otber cfaaplaina of ihe said church to have hts soul and the touts 
Aforeaaid in their memory; and tu the m.-utter clerk of the said 
chorcb )2d. and to bis uudor-clerk Sd. to do their olH^.'eft in dae 
manner aa to a year's mind belongs; and ftir bread or victualu and 
drink tit. 8if. u> be npeut araong thit partAhionen coming to liia 
"dirige" in tbe night, and lOJi. among the poor lo pray fur the 
•ouls aforeaaid, and 'it. 4d. for two new wax oiadles burning, one 
to wit at his bend and aiiotlier at liis feti't, at the time of bis 
Mioivsrsary, and afterwards lo bum before the ima^eof St. Mnry 
fco tbe aaid chapel so long as they lasted. Atid be willed that the 
■aid two chaplains should receive at the hands of the said rector 
■od wardens £U yearly out of the rents of the aaid tenementa, 
id €tt, each of them £7 for their salary or stipend. And, if it 
ahould please tbe rector and parishioners to charge the chaplains 
of tbe cbnrcb, or their coimpeteut asslstania, to sing daily a mass 
of Saint Mary with note oron every Saturday, he desired his said 
two elapIaiiM might have the appointment, and also to aHMAt in 
■inging nightly thejantheni called "S.ilve Hegina,"with note,*l>e- 
fore the same altar, with Haying & cotect and "de prnfundia." The 
two chorobwarileni to receive fur this service yearly 13#. 4</. If 
bis tenements, &c. were hereafter let at an advanced rent, the 
•loetfl was to be placed in a box for their repair. In case of 
lailure of his foundatiun at Su Maguus, tbe income to be trana- 

tferred to the use and matntenaooe of London Bridge, and to tind 
Iwo chaplains in tbe Bridge Cfaapel. He desired that Thomas 
Hou bis cbaplaju miglit ho one of tbe said two chaplains, and that 
be sbontd not be bound lo be present at the said canonienl hours, 
nor other chirges nforeaald, except according to his power. 
ToKntheiiitd his wife, be left tor life his teiMraeut called la 
GlcDP, in the pai-iab of St Ma^nna, and all bis tenements io 
Basyu^lane anu Cnrdwaner Street, in UiiS parish of St Martin 
Otytwiohe, provided she kept herself sole, olliprwiae alie to have 
her dower oulv; the reversion (when nccruiug) to bo sold, and the 
niooey to be di:»tributed for tbe benefit of his sonl and the souls 
jiComaii), in celebrating maaees, distributing to tlie p<K)r, mending 
of wava, marriage of poor maids, and other deeds «f charily. 
His «-ife Katherine to have aUo for life all his laudn, &e^ at 
Weuyn^^ton and Alvythele, or elsewbei-e, in Essex, with all his 
■tflre alive and deu<I; the reversion as before, and specially in aid 
of the rel>iiildiug of the old isle where the sick poor lie within the 
church of tbe bo«pit.tl of Saint Thomas the Xartyr of South wark; 
faot h« wished that Isabella bis wife's aistcr shoold liavc for life 
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that mansion in which slie lived in the said pariab nf St MotUd 
Otyswiche rent free. He appotnta as exscutoni his wife Katherine, 
John Clifford, roaaon; Stephen Lotc, mason; Richard Parker, Ins 
cousin; and Martin Seman, clerk; and u ov c n i e e r, John Warner, 

alderman.* 



ST. MAET3 CHURCH, IDE HILL, KENT. 

{With an Bjujraring.) 

The parish of Tde Hill, near Sevenoaks, is situated in one of tbe 
moat picturesque parts of the county of Kent. The originator and 
and founder of tbe present church was Bp. Porteons, who, about 
sixty years ago, erected a small church of tbe peculiar nondescript 
character uf tbe period. By tbe eamesl endeavours of the present 
inctimbent, the Rev. A. J. Woodhonse, a larce Ciintrihutor to the 
fund for erecting this uhurob, ably aaiisted by tbe uetgbbouring 
gentry and reaidenta, nearly sufficient money has Seen collected, 
am] the present church oommenoed. The foundation atone of tbe 
building was laid by tbe Cooiitetn Amberst, on the lat of May 
last ami tite work is now rapidly progretmiiig. The site of the 
church is 600 feet above the level of the sea, and tbe structure 
placed on Ibe top of Ide-hill is a conspicuous object from the 
whole " Weald of Keof* and surrounding oouiitrv. The church, 
illaatrnted in ibu accompanying engntving, is of the Geometric or 
toiddle-poiut«il Gothic, and is capable of seating 2.V) persons. 
Tlie whole of the work is simple in character, but of sound and 
good construction, alt tbe carvine and oilier ornamental work 
beiug left rough for tbe present. Tlie east window of tbe chancel 
is to o« Slled with stained glaas as a memorial to the good Bishop 
Fortenns. Other windowa of a similar character are promised. 
Tlie architect is Mr. Charles H. Cooke, of Jnhu-*treet, Bedford- 
row, London ; and the contract (.£2100) baa been Uken by 
Mr. John KIsb, of Woolwich. 



FIREPROOF MATERIALS AND CONSTRUCTION.+ 

By T. lUrrsR Lewis, F.R.I.B.A. 

In eooneclion with the use of iron and of the metals generally, 
in building construction, it may !« remarked that tbe softer ones, 
as lejtd and zinc, are of course fit only for covering, and do not 
enter much into tbe subject. Bnt in thinking of them for rooting 
we must remember that zinc mel*8 at a low hcot (700") and thvn 
burns Hercely. Leid melts at a aomewbat lower temperature 
(594"), Iron, however, is & great aid now in construction, and i;s 
almost nniverval use suggests tbe need of most careful research 
with resi>ect tu it Now uuduubtedly it is relied upon by the 
public as being a safeguard againt 6re. Undoubtedly, too, its 
use is looked upon by tbe inHurnuoe ulTioes as beiug more 
daugeioua than that of wood. Ita first and moet obvious defect 
is iu rapidly deteriorating strength when heated, and though 
the fact is well-known, it is cuiious that expHrimeuts vary very 
much iuileed aa to the measure of deterioration. All agree in 
tbe fact that at and above red beat (which is common enough in 
6res) the diminution tu strength is great; but below that opinions 
differ mucb. Mr. Braidwood's opiuion was that iron begins to 
lose its strength even at such low tempermturo a* ]0U* and 
upwards. Mr. Hodgkinao.i thought that ihc strKUgtli was only 
eligbtly diminished at any temperature under BOCi** (tbe melting 
point of cast-iron being 27Stt*), and was not very much so until 
red hot, and the experiments made by him ami Mr. Pairbnirn 
are by no means dear in their results. It is highly important 
that the exact lacts should t>e ascertained, because, of oonrae, a 
luw temperature is more common than a high one. My own 
opinion, from careful obeervation after every case of consequence, 
is that wrongbt-trou ia very sensibly weakened, and cast-iron 
rendered brittle at comparatively low heats; Wcause it is very 
common to find iron ties and other simitar work bent merely by 
their own weight in small buildings and other places where the 
heat has, clntrly, from other evidence not been great The failure 
nf the wroTight-iron ginlers also, drawn from cxamploaat a recent 
fire, nhown uu tha drawings, lend to the same conclusion, for the 
whole of them were boot, twisted or broken io the moat violent 
way, althuugb tbe oaat-jniu columns on which they rested were 
only slightly bent Tboae oidumus were, however, of much 
■trooger form than is usually fonnd. Anyhow it ia quit* certjuu 
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that »t hijctiior tempenturM, sneh asve to b« expected in « Unto 
&m, ir n iii|)idl7loaMstreogtli,ao(] thus a floor ur a beam which 
would buur the weight opoo it qnite lafelj at an onlioBrr tern- 
peratare, might break down at a higher ooe. Bat I come nr>w 
to nonaider of the greater heata oooataQtl; prodl1(^ed id oar larger 
6roa, and where iron and hraaa are actually meltpd. (Speci- 
laetm of both taken from a reoeot fire, were cxhibiusl,) T!ie 
temporature faere must have been aboat 3000°, and the metals 
retained uo strcDgtli whatever to Btialntn even tlieir owu Teight. 
Now thore cao be nodoubl tliat iron offcm us moat admirable aid 
with our columns ood girdera, when used aa roetals should be; 
and now that we are getting out of the way of imitating sloue- 
work in lr>:'n, and that we are uaioj; and ornamenting ir<>n as a 
definitr mnterial. nndiiguiaed, it is likely to inflDence, nud ought 
to iufluoocQ most materialty, our de^igna; and when we call to 
mind the extraordinary dinerences prodtjced ia ita qualitiea, by 
■ticli comparatively trifling differences in treatnieui aa tho»e 
which produce cnat iron, wroughi-iroo, and etm'l, annealed and 
caae-hardene-l iron, we may not be without hope that meana may 
be found of removing the defects which now militate soseriouBly 
against ita use. Meanwhile we most took upon it aa boing a 
Djont dangerous ally. 

Wooii IS not quite eo dangerous a material ta ia euppoaed. 
For instaijce, I have seen eome poata and a girder which remained 
to the end of the fire whioh melted the iron and braae within 
10 or 12 feet of them. A piece of another poat from the same 
bnUdinc and close to tlie aame i>art of it, where the wood wae 
burnt in to anme little distance, and acorched deeply in, yet still 
retained its strength. Sevend others remained in the same state, 
and ii) ordinary tires, large timljws we neldnin burnt right 
through, but have enough of their sul^tance left to act an struts 
or girders, though, of course, much weakened. r>onhtie*ts, in tlie 
eaae of gucb extreme heat xh the above, there wah Kimie current 
of air which carried the fl.imes away from the wood; but none of 
the fireman preeeot could 8iiy how. 

I come next to concrete. This ia much used for fire-proof floors, 
and likely to be for UBuy other parpoeea, as bricks are now get- 
ting 4o very dear. We know wtll, from the eaauipl'.'a of uld 
walling, bow valuable a material this is, as we have all aeen it 
remainiui' quite aoond after bein^ uaed for the hearting of a wall, 
after its Bomnn fir Mediajval canlog hat been dt-'.^troy^ for agi^ 
But, so far as my present purpose is coticerned, we niuBt accept 
it« iwn with Bome rt-servntion. The whole qnestlor was entered 
into vory fully by Mr. Tite and others at the Institute io the dis- 
cussion on Mr. BuriiRirs paper, and his opinion wna that ordinary 
cou(M*te was not to be triisleii. Clearly flintwcirk is unsafe, aa 
the flint is calcined so much by fire, that walla made (if them are 
flhallered to pieces by it. So are llie ordinary gravel pebblefc, of 
which here aro some apecimene. But concrete may be made of 
broken bricks, as tlie old Kooi:iu8 made it, and a», I think, 
Mr. 'I'ile has uaed it in sevend cases. 1 have a high opinion of 
oonerete in fire-prt>ofing, but there have been, neverthelcsa, caaea 
of Some auspicton att to the perfect protection to be derived from 

its UM. 

Tlie bat aubstance to which T shall allude in detail is ordinary 
plaster — jwrhaps the moat valuable auxiliary that we have — os 
might be ex|MH;te<l from its uon-conducting properties, proved 
clearly in the very elaborate experiniODt* made on thin subjeet by 
Mr. HutdiiusoD. He tried most building iimtfriaU curcfully, 
«i)d showed that a combhintion of Hme, wmd, plaster of Paris, 
Ac hsd less conducting power tliau any of th« others. 

I roust now consider ibeoomhination of these aeveral materials 
in different forms of cimsirnctiuu, and the subject wilt naturally 
oonie under the divisions of walla, piers, columns, or other 
detached supports, flviors, stairs, and roofs. The walla are, of 
oourae, the most im|Kirtaiit, but the least difficnU in execution, 
aa brick is at once the best and ni(>«t common mnterial, fortnolda 
work at least Id fact it is, I think, an almont unexampled case 
for a fire to destroy an ordinary thick wall, as tlieUamea naturally 
Mcond, directing their force on the ceilings, through which they 
uaually titid vent; and I have seen fires of great strength 8topi>ed 
even by thin paniticma. I saw one case, in the old town of 
Hamburgh, where a large warehouae was destroyed, bul, where 
the tire had not injured the adjoining warehouse, although 
MpArat«d from it by brick ufgging only. Sometimes, however, 
there ia such a slop to the flxmes from a stubborn ceiling or arch, 
u to allow them no decide«l vent, and then tlie walls aio exposed 
to the full actiou of the fire. Yet even then I have never known 
good brick walls to fail by being burnt in. There was a great 



proof of their stnngtb in the case of the vaults of the Toolay- \ 
street warehouses, many of which were iilled with oil, oosvarted | 
by the flames into a rolling aea of fire, which burnt for ^ 
These vautLH were built in tha usual way of giKM) groined archo* 
supported on brick piera. and not an arch nor a pier broke down 
under the trial, nor, after a recent examination ot those that atUl 
remain, c^ul;] I see that eveu a joint had given way. But every 
portion of the stores over, many of which were built of iroti 
girders on iron columns, presented such a scene of utter ruin that 
one could scarcely dream of. Xo one who had ever seen it would 
place faith again in iroo. Tlie greatest damage is to be (eared io 
time of winter, and when the fire is over; then, if on« side of a J 
wall haa been saturated with water, and the other not so, the 
water in (he open joints freezes, expands, lifts the brickwork on 
the one sitle, and l>eudif the wall. I most qualify this opinion aa 
to the snfliciency of brick wallti, by saying tliat the brickwork 
must be well done; for I have seen caaiM in which the work wac ' 
filled in so badly, that imoke poured through the wall at evscy 
joiut; there was, of oonrse, but little safely tliere. I, of oonrse, 
suppose alfio that the walls are of a fair tniaknesJ, but it wonkl 
lead to too long a controversy to discuss here as to what that 
thiokneaa should be. I roust also qualify what I haveabore aaid,! 
witli respect to walls of hollow ur pierced brick. For vanoiu^ 
reaaons I much doubt the eflecl of fire u[><^u them, bnti ha%*e not 
Been them tried practically, so that 1 speak upon this part of my 
aubjcot with hesitation. 

Next to the walls come the piers and oolumns, and thew an 
clearly the moat important parts of the building. Their cob- '■ 
atruction is often eiwy enough ou the iMHement, where apaos ii| 
not usually so much an object; bnt above chat story anythir 
larger than a stniy pont or iron columns ia seldom allov 
I have already alluded Uj the defects of iron, and at prescnAl 
I know of no meLlmd of insuriQc safety in ita use. Several me 
have been sogK'«>>ted. Mr. Uosking tried, in one very extAOsiWil 
warehouse, the plau of putting the columns double in two WpB-l 
rate rings, one, in fact, cnclo««s| within the other, hia idea bemgl 
that if oue Were to break or bend, Uie other would safely bMr] 
the weight. I certainly doubt this much, and in any ease ihtt' 
expense ia very greal, and the aise of the colcmuia very moeh 
enlarged. 

I myself once tried the somewhat contradictory plan of J 
encasing the iron columns with a thick layei- of pbuter. There ia] 
uo great difticuliy iu getting the plaster firmly to adhere, andj 
I think that the plnn would be a safer one than that of th«i 
double columns. But I am not over sanguine about it, and thai 
system is, at least, liable to the artintic objection, that it oonoealBl 
the more vsluublc mnterial of the two. I have already alloded] 
to the plau of sending air through the columns, but. there !■ 
RDother plnn which has found favour with many, and which pPO-l 
vides for filling the columua and girdera with water. This nil 
first sight 84;ems plauaible enough; but the least thongfit fhonttl 
numeroni objections. There la, fitsi, the risk of Uie waterJ 
freezing, and bo bursting the iron — or of the latter expandinjhl 
and so letting the wati^r leak at the joiiiia. There most be riA^i 
of this, eveu wiih ontiuary «h;tuges of temperatare, aubject, a*| 
these floors must bo, to heavy pressure, and still more so in i 
of fire, when every circumstanoeia inteunified to an exlraordinaryl 
decree. Vf^a muni, ton, then find tlie bullows either open to tha 
cistern head or closed securely; if open, the intense heat will con- 
vert the water into steam, and blow it out; and if closed, tbf J 
heat will convert the bollow spaces into so many boiler%c _ 
with ateau) at a high prewture, without eaeai« valves, mkI Mtf^ ' 
the whole to piecvs. 

But the whole qneAlion of supports is tntlmatelr oo&neet«d 
with that of the fluors which they carry. Now I will first take 
the else of private tniuses, where there is usuidly nothing but tha 
oidinary furniture to burn beyond the couBtrnctivc parts; I 
assume, of counw, tliat such precautions have been taken aa to 
make the skirtings and partitions solid, because if draughts! 
Uowed through and behind these, the fire will soon be la 
through them in spite of every eflbrL But auch precaatioM 
having been taken, I nee no great difficulty in protecting tfa« 
house. Tuu nmy do it as the French do, by iron joiata, fto, or in 
the way used here, and kuown as Fox and Barrett's plan^ or by 
any way by which the spaces between the iron may safely w 
filled iu with good plaster or otber concrete; and duubtleaa, with 
long bearings, iron must be used in some way. nor is its tm < 
objectionable where such low temperatures ouly are In Iw hiokedJ 
for, and whea protected by a plastered ceiling. But, in additioe'^ 
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•to lb* oMt of the iron, it u a materi&l nlways troublesome io use: 
one wanta to trim a floor, or bevil offa headway, and so oii — 
thiogsdone ewily eaough in wood, but often very difflcnlt or 
eoatlj with imn; and I really do iinl see that it post^eMes any 
■dvmutage ov^r wood, wlien itie latter ia equallv protected by 
plaster and coner«t« with the iron. 

This prolecUon may be had ia eevernl ways. M'e may adopt 
the ordinal^ French plan, aa describeil by Mr. liwlicing, riz., of 
bftving very stronc laths, gUing in the ceiling froni above on to a 
lamporary KalToldtng, (instead of prpusing it upwards, as with 
iM,)Mid filing in the whole a|>a«e betweou thejoiau with nibble, 
ao as to foim a a^tid fiuoriiig. But this plan has the diaatlvan- 
tage, th»i tli« whole weight of the ceiling is carried by the uaJle 
of the lathing, nml any can^lesniiesH or want nf skill (nut unlikely 
to be experienced in the use of a method new trt our workman) 
may proilace fatal resutta. With iron jni>«ts t)ie lattia rast on tho 
Lflangtm, »od iron has thus su far an advarilnge over woikI. Bnt 

fwl quite satisiied that strong, thick pugging would be almost 

" F efflcacioufl if the sound boards be split in unrruw widths, 

&« aoffits plastered bo as to fomi one mass with the piig- 

' over, thus leavine but a very stnall p»rt of the bottom of 

B joists exposed. This would be still further pruli'ctu<i by the 
key of the plaster ceiliug, if the sound boanling could be bruuizht 
00 low as that the key of the plaster ceiling would unite with 
that of the pugging. The difficulty In the way ia that the &]let« 
must then It- bruuehl sl low (cluite lo the snfiile of the ji]ist«) as 
to render the latter Tiablc to be split and weakened by the fillet 
naila Au inceninus plan of obviating this was used by Mr. 
ifxrrable at the B^iani of Works offices io ^i]>ring-gardeiis, viz., 

i putting the joists in a wedge furm (two out of une, ho as not to 
waste the timber), so that the concrete tillingin used there had, 
fWbeo dry, all the properties of an arch, and pressed a^aiust the 
jMSts AS its abut«n(.ut, instead of bearing with its fall weight upon 
'the fillets. The floor ever being tongued, the di-aught will be 
•topped, I fully believe, utmost as well aa by Hartley's plat«s. I 
hvn recently seen a case of a fire in a warehouse, where the heat 
ms so severe that the wrought-iron doors were bent so as to be 
owJen, and yet the woiHlcn-tongued tliior had completely pre- 
vtated the Barnes from spreading downwai-da. 

Another way of furmiug Hoors has been much used in the 
Midland cttuntieK, and is well known as Dtiniit-lt's, being formed 
uf ci.>ucrel«, lu which I have already &v<iurably alluded. The 
patentees claim for it greater lightness, solidity, and che«pueas 
than f»ur-and-a-hatf-iuch brick arching, and 1 fully believe it has 
them. But the absence of lateral pressure is also claimed; and I 
cannot at all nnderstand this. If the arch form bo of any use, 
h can certainly only be, so far iis I can see, by a pressure 
OD the abutments. If the material itself give the strength, 
■nd the abutments are not strained, the door may be hs 
well laid fljit With good abutments there ia much to reonm- 
meud this plan, as it wilt, I think, be utHcacious, aud the arched 
form worlted out of the actual solid, aud not by pla&ter 
btMckuttiug (as dangerous in case of fire as falne in ciiustruotion) 
ii very much the thing we want, to help us to variety in the 
•eelion of our ceilings. If, however, the beariugs are of iron, 
Deaneti'ti plan is open to all the objections to which the iron 
itself ia liable. There are aUo in the South Kensington Museum 
a great many fu!l'Btr.cd models of plans for fire- proofconstruct ion, 
but all, I think, without exception, ilepend upon iron girders for 
their bearings or abutments, and such a condition must be fatal 
to their use. Of another plan, suggested by Alderman Waterlow, 
where the strength of the floor dcpendH upon a system of iron ro<ls, 
built into, aud therefore piotectud by thu coucrotc, 1 ajwak with 
reaervaUou, as the system lias uevur yet been tested by an actual 
fire. Hut in urdiuury hDUses the heal in socom|Hirativdy slight, 
JU)d the force of the flames so taken off generally by the stairs as 
on outlet, that there seems to be little difficulty in protecting lbs 
floor, whether by this or by other methods. It is in the conatraction 
of warehouses and other large places, wherein large masses of com- 
bustible mutter are storfti, that we meet with the really great 
difficulty, fur we have to oucouoter there au excess of temperature 
uokuown elsewhere. Of alt the plana that have been tried for the 
protection of these places, I anppose that the one of brick arches 
carried by casL-iivu girders Is that mostc<jmmonty used. Doubt- 
Lass sQoh a floor would be of use in unlcr to prevent fire s]>readng 
dowuwuda But the iron-lined ceilings as u led at Nottingham 
and elsewhere, where the fltioni are inflanimable, owing to the 
oil dropping from the machinery, or even an irou-iongued floor, 
vliere do aucb extra risk exists, would go Cu towards answering 



the same purpose, whilst what I have already said will sho^r hnw 
tittle depeudence can be placeil upon the iron if the heat can uuly 
get at it. Even if the girders themselves coald resist the heat 
and the water, the arches woohl at once be deprived of the tie 
which forma their security, by the bending of the tie rods. For 
1 never romember to have seen a ease in which rods, used for 
whatever purpose, were not found so bent after a fire as to show 
that their strength as ties are gone. It so hnppeus, too, that the 
form of the iron girder, often adopted as being the strou^st ia 
section, viiL, that of the reversed V, is really the weakest in case 
of fire, as the latter has iVe« access to it in every part, wfaervAS 
the only chance of a girder being saved is the sroallness of ite 
section exposed to the fire. 

The system of girders or joists fitted in with plaster or concrete 
ifl much better than the last, as no tie is required, and, doubtless, 
in small cases they may be useful. Bnt I nave seen them aft«u 
te«ie4i in Inrge fires, and I reniemt)er no instance in whicti they 
have there formed an etTeclual slop. ( I am now, of course, speaking 
of warehouses or such buildings, and not private houses.) I may 
again briug forward the wronght-iron girders shown on the 
drawings as & case in point, for ttiese formed portions of a floor 
which had been filled with conci-ete 1ft inches thick. Bnt tbe 
ceiling had been formed of bounlingonly.thesulBtcsof tho girden 
were exposed to the direct action of the fire, and the greater 
part of the building destroyed. There is, however, always a 
difficulty in these cases in determining wln^thrr the actual cause 
of the failure was the iran columua, or the girders which they 
support. For if the columns fail, the bearings of tlie girders fail 
also, and the girders must beud nr brenk with the heat aud weight. 
In one remarkable Case, where the columua had not been iojared, 
the ^ytit<>m had apuarentl)> succeedeil, the fire having begun oD an 
upper story, and failed at fi ret to work down through the concrete 
floor. But, some h'-urs after it wns supposed to have been 
snb<laed, it burst out on the lower story, having apparently sent 
h stream of hetited air through some crack in the oonerute, and 
the whole building was tiien soon utterly wrecked. This building 
oiTered a curious instance in another wav of the danger of iron 
comttructinD. It was circular in plan, the ginlers rtidiating to 
the outer walls from a circular iron framing in the centre. The 
ironwork got henteil, expanded, and bo injured the walls that 
nearly the wlmle had to be rebuilt, whereas I feel quite satisfieit 
that all Would have been waved had the girders been of wood. A 
curious instance uf the danger of iron is given in the drawing of 
brick arches, being a aectiou of part of a building very much 
injured by fire some years since. The fire broke out on the 
story covei'eil witli tliia aiched construction assumed to be fire- 
proof. All the arches rested on cast-iron girders, except the arch 
next to the wall, tbe giiiJer adjoining which turned out to be of 
wood, put iu either by accident, or perhaps as a piece of scamping 
wurk. Ii is the only case of the sort that I remember. The lower 
surface was exfiuited in precisely the snme way, aud to precisely 
the same extent as that of each of ihc iron K'rders. Tbe fire was 
one of the fiercest that I ever remeniber,andburnt into tlie brick of 
the wall, directly under the wood, to a deptli of nearly an inch, 
that having been clearly the hottest part Yet overy iron girder 
br-ke in half, throwing down the iron arcbee which they bore, 
whilxt tlie wooden one roniained to the last, with no more injury 
than it!S being turned into charcoal f<>r an inch or so in depth. 
But I must ask you to consider this question as to wood a little 
further. 

If we examine how buildings baitt of wood give way, we 
shall find that, as a general rule, they are oonstruclcd with 
long girders of fir, supported on posts or columns, also of fir, 
connected together only by the thin joists which carry itie deal 
flooring. These latter, uuprutecteil by ceilings, sod seldom eveu 
by tongaing, are burnt rapidly away, tbe heavy iimber», thtu 
Irft without connections to steady them, sway over with their 
weight, fall into the burning i*uins, and add to tbe fire. Now, 
if these heavy timbers and posts were of the hard wood which 
was used of old, arid if the space between the joists were filled 
in solidly with such material as the pugging which Lord Stan- 
hope used, we should have a flooring of much greater value in 
time of fire than any 1 know, short of real arches on real brick 
piers, 1 do uot say that it will be depended upon to stop a 
fire if unci* it gnt a-liead. Nothing but arches or piers will 
do that, unless you divide your warehouses with upright walls, 
BO sa to lessen the mass of fire; nor do I ooutend timt there 
is not B great disadvantage in the ns0 of timber, from its cer- 
tainty to inoruM the body of fire !f tbe stairs, for instanos 
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fikirly igniter ^r cbe flcMra give wny. Bat I do nay, that tho 
danger tram the riak of oatluen failure in the iron nrnre thnn 
o<)iint«rbnl.itJti^B this; Atid tliitt if ittnira, hihI doors, and coliinina 
were tnnde as I have Klluded to, ihey would offer such chances of 
delar AS uiightbeof tlie utmoal use inprevcutinglossi and I know 
well tiiat the men in the brtffftdfi would fcol themselves secaro 
with Huch constt-uctioo, and fearleaslj work U> save it; whoreoa 
even Ca|itniii Shaw himself woiihl hesitate tu lead, or tho most 
darius of his niou to follow hitu iiito a building, when they knew 
that tlie lives of all within it depended upon a frame of iron. 

I must offer a few words aa to roo/r. The objections that I 
hava elsewhere oflereil to the use of iron do not apply here, and 
It is probably tlie beat material to be used. ]3ut I must ventnra 
lo give a caution that baltuna must be naed in the coveriog, and 
not boarding, as the fire runs alon^' the latter with great rapidity. 
I mu:tt aUo notice another practical point recently brought under 
my nutico by Captain Sliaw, and which had quite escaped me, 
viz., that when cisterns are provided agaioat the risk of 5re. ttioy 
ahould be at u o<>iuideiablo height, aa it takes a preaeure of i5 ft. 
of Water to open the firemen's hose. 

1 now ctmie to the last part of my subject, and perhaps tho 
most imiiortaDt of any, viz., the ataira. The example I have 
■elected i^i one of melancholy interest, as it waa ccmnecled with 
the danllia nf three persons; bnt the cuustmction of the stair* 
case Was of so uneommnn a charactur, aa Co make it an no- 
itaually good case lo which to refer. It bad walls on three 
ids'), but on the fourth oaly a thick q>mnor |>artin>iii, not 
briok-nogged, but lathod and phtstered as usual. Tlie stepis 
were of good sound Portland, with one end pinned well into 
ttie side of the wall, and secured into tbe wooden partition by 
strong cross pieces of wood framed with the oprights. The 
landings were formed of wooden joiata, with plaster ceilings. 
The fire broke out in the Uteeiueut efiry, and could have \wcu 
of no very gre.'tt intensity, hk the ceiliug over wiut not at all 
burnt th rough, and all that there wah to feed theSre waa tlie kitchen 
floor, fittings, and one cross partition. It passed through the 
ihior on tn the stairs, swept up the stairs, was etopitfd by a 
lath and plaster ci-iling at top, aud nished out by a window close 
under it. All tho duora of the viiriout rooms leading ou to the 
ataira were aliut, so that no damage was done to any of the 
rooms except by araoke and water. Now this ia a good illus- 
imiiou of the etfect of tlio firnt auddeu burst of flame, for 
there waa nuihing to burn or add to the tire ou the stair- 
t»se, and the only beat was from the rush of flame. Yet 
before any of the engines began to play the staircase broke 
down from tlie top, and crnalied dowti the whole underneath, 
leaving the end^ projecting from the walls and womIcii partitions, 
which latter held tlie staireuds astirmly as the wallHdid. I was, 
at first, quite puzzled to account for IhlftL. At length 1 foand that 
a large ciniera wjn« on the up|>er story, full charged at the time of 
the fire — that a li>>lu had been burnt through the service pipe 
from il, directly over the top atepa, upon which, thrreupou, the 
whole weight of ci>]d water had come down smJdeiily, in their 
heated state. The«e had snapped off, and broken the reat (rendered 
brittle by heal) in falling. I have since seen another stone atair- 
cade, of similar couHtruction, bi-okeo down from apparently the 
same canse, and otliers wouhl, of course, follow in the same way 
directly the engines played upon thom. But the fact lo whit-h I 
wiah todrawyuunitteuiion more particularly ia that thoonly jtarin 
of the whole staircHsie which remiitiiod secure were the wooden 
landings, pnttect«d only by tbe plaster ceilings; and that while 
every part of the fire-proof construction was utterly destroyetl, I 
took my ub«ervaliooa iu complete security on these saidlaudiags, 
which remained Ln tiie last uninjured. 

As a pra ileal rcault I may, however, aay generally, that if tbe 
■taii-s be Buppotte^l at each end, aa they were in the old geomo- 
triciil iiud other ataircascs, it matters very little what their con- 
atructiou may be, as they would Im pretty safe any way. For 
you will find that the way in which a staircase of stoue is de- 
stroyed, ia by t!ie tire rushing up the oeuind welt-hole, aud heat^ 
iug the outer ends to excess. The atepa thus become excciuiTcIy 
brittle, aud snap off at once whenever any sudden weight or 
change of tem|>erature U biuught upon them. With wooden 
stairs the ease is different^ ihey are seldem set fire to from uuder- 
ueatb, OS the plaster ceilinga invariably pnitect them, uideaa the 
plastering is vei^ bad. Hut the outer string, expoited to the full 
force of the flame, catches lire; the flatue sp[-ead)t tlienco to tbe 
riser and the trcwl. gets thut behiad the plastering, and the atairs 
are then deatroyetl. Tbe present fasbiuu of cut stiiog ia a won- 



derful help to fire, as K getaat once, witbonta step, from the 
outer string to the triads and risers, and it would be no aliffbt 
at«p towanis safety if the present foahion wore discardecTili'l 
favour of the old moBstve solid atriugs and newela. If llieae wer* * 
re-oaed, and the ataira made solid with plaster, on tome plan like 
tho French, there can be no question whatever that wooden 
ataira would be something very nearly fireproof. I ought to refer 
here to one fine example of a different constniction — that of old 
Rochester caatle — the old ataircasee whereof are formwl of con* 
crete, bedded on wooden templates, the marks of which reraaio 
DOW aa perfect aa tbe ilay ou which they were laid; and I believe 
that thefte ohi stairs would resist now the trial of fire, aa they 
have that of time and weather for aome five centuriaa 



HIOHBTTRY WESLEY AN DAY SCHOOI& 
{With an Engraoing.) 
TircsK schools are situated in Morland-terrace, Hollo way-road, 
occupying a site of land adjoiuiog the We«leysn Chapel, with 
which they form a very atriking and picturesque featore. The 
styie of the building is made to harmonise with tbe chapel, the 
walla being faoed with Keutish mg, with Rath-Rtone dreasinge. 
Tiie boys' school, which occupies the centrv, ia 30 ft, by 48 it, 
with two large claas-roome. At the east oud is the infant school,^ 
with the girls' school ultove, each 58 ft. by iO ft., with a larga 
cIa«H-n>om to each. Each Bcb*«l baa a good-eized open play- 
ground, with covered play-i^round lx>ueatli the boys* school and 
cInKS-rooma. The eDlrnnces to all the schools are distinct, that 
111 the boyn' being surmouiitad by a belfry and spire. Theschoob 
have been arranged to accommodate 5W children. The contract 
has been taken by Mr B^tushaw, of City-roa<l Basin, London. 
ThescliooU are now in course of erection from the deatgne and 
under the auperiutendence of Mr. John S. Quilter, &rebit«e^ 
West Hromptou, Londou. 



ARCHITECTS* CHARGES IN CANADA. 

The following profesuional chnrgea were agreed upon and signed 
by twenty-fivs architecU in February last, aud are now genenllj 

adopted in Montreal: — 

'^ p0Ont. 

1. Publiri tHuldinca and private resitleitcea, commiauoD oa the 
cwt thereof of fl 

2. Block "f two houses of Rimilar design, comntianoo on tbe cod 
thereof of * 

9, Block of thiva, four, or five bonaea of iiiaUar design, oommia- 
sioa on th« cost thereof of ... ... ... 

4. Block of nix or more houses of suutlar design, commuimon on 
the oo«t thereof of ... ... ... ... 

6. Stores and warebouiUH, oammtMion oa the cost thereof of ... 

6. Block uf two itorea or warcbuuses of similar design, oonmia- 
noB OR thfi coat thereof of 

7. Block of thnw or inurr aloreM or warehousea of similar dcdgn, 
oommiaeion on the emit thereof of 

8. Itciua of chnrge comprised in 5 per cent. oommiiwiuD: pro- 
liiuinary Bketohra, wi>rking drawings, and ipecifiusUoiia 

sufficioDfc for aa estimate and oontraot 

Dctttiled drawings 

tr^iienil BUperintendenoe (vxcluaiva of clerk of tbe worksy, 
examining; and jMMting the iico^iuiits (exduuvs of measuring 
and makiog out extnui and omianiona) 

0. M.B. — The forcgroing subdiviiion of cliar^ftw to spply propot* 
tjoaatdy to utorvs ard wareHrioBen, kc. 

10. Fur wurKR iu the alteration of prcmiscsthe remuneration to be 
bicrmuet) uronliiig bo the time, skill, &ud trouble involved. 

11. Taking out quaolttinii fruiu plana foradetailed eatimake, com- 

misaioQ on the anw^unt thereof of 

12. McaauriuK and vaiuuig aitificorB' work done for any a m iro n t 
uikUt $H)(.'0 « ' 

Ov«r tUiiJO, aadun«Icr$4000 

Over %40m 

13. FiiT ierviov«hy time at per dsy 

14. N.B.— All travelhng expunxwa to he chargwd axtra. 

15. No chargv lo be maile for a nrngh eitUnuU*: obtained by outnng 
out the coDt4.iit«. I f a iletailed estimate ba requeslied by tho 
proprietor, a charge therefore li to be made as ahuve. 

10. An aruhitect is br>und utifkr the full per-oentage charge to 
provide one set «if rlniwiuga am) one sot of tracing wHli 
duplicate spemfioatittita; it bttinji; understood that the andiitoct 
u pi^ for the nee only of the drawing and Bpmrifitmtiuoa, 
and that these, in the eveut of hit carrying out Uia w^fxka to 
oompWlioo, are to remiua hii property. t 
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ON THE MEANS ADOPTED IN THB: FACTORIKS AT 
LOWELL, MASSACHUSETTS. FOB EXTINGUISHING 

hy Jambs R Francis. 

Hie fint oottoD mill at Lowell went into operatioD in the yoar 
18^; it was provided witb foroe-pumps which supplied a cietcm 
In the roof sod & hydniDt id ench storj. Ttiere were no hjrdrauts 
outside of the btiildiug. All the cnttoo tuills erectiMl iu Ixiwotl 

frevions to the year 1H28 wen protecte«l in tho same manner. 
D Janasry of tlmt year a milt was hamed dovo, and the want 
of some more efficient means fcir exlinKaiHhiiig 6re was clearly 
shown. The plnii w.u then a<lopled of laying an eight-iuch oiaiu 
pipe through each mill yard, about forty feet iu front of the 
mUs; this pipe waa furnished with hydr&nt.<), and was connected 
with the force pumpsand roof cisterns of each mill, so that all the 
mppantos on tne premises could he brought to hear on any one 
mill. When the force pumps were not in operation, tltc .lupply 
and preasnre ofwat^r in the mains depended entirely on ibo 
ciatttrat, but by means of a peculiar system of valves at tho 
oateroB, a pressure equal to a head of one hundred and fifty 
Uset^ flould be maintained in the main pipes when the force pnropa 
were Id operation. 

Th« nezt improvement of importance was mnHe in the years 
1647 and 1B48, when the main pipes in the several mill yanls 
icoooeded, so that^ as fjir as the cnpncity uf the eight-inch 
Daln pipes would permit, the force-pumps in all the mills in the 
city oould be brought to bear on aqv one mill. Iu ISfiO, a 
reaervoir was coontructed on an elevation abuut a mile from the 
nearest mill, and connected with the main nipcs in themill yartls 
by means of a twelve-inch pipe, tlirough which the water passes, 
Mlber from the mill yard main.s to the reservoir, or the reverse, 
ding to circumsUiQces. When full, this reservi-ir contains 
about two millions of gallons, and gives aheAil iu the main pipes 
in the mill yards uf from one huinlred and eighty to two hundred 
feet. The supply of water in the rt-tiervoir is maintained by 
mean* of force-pumps, erected for the purpose^ driven by water 
Dwer. It was originally designed to limit the use of this water 
the purpose of extinguishing fires; the high and constant 
sure afforded, however, great ailvantages for supplying the 
m boilers used for healing purposes in ihe mills. Water is 
rdrawn from the mains in most of the milt yards for this purpose. 
About a dozen dwelling-houses are also supplied, and small 
quantities are occasiunally drawn for building and other purposes. 
The whole quantity drawn for other than lire purposes is, how- 
ever, too small sensibly to atfcct the pressure in the pipes. The 
city having no public water-works, urgent applications have been 
made for tne privilege of tapping the pipes, hut they are jealously 
goardeJ, as the etbciency of the whole system depends in a 
great degree upon maintaining a constant high pressure in the 
mains, which the experience of other cities showfi can scarcely be 
done, if the water is generally used for domesLic puniosus. 

Previous to tho yt!ar 18<jO, tho large manufacturmg corpora* 
tioDs at Lowell had seldom effected any insurance on their 
property against losses by fire, but bad relied upon laying aside 
a portion of their earnings, as an insurance fund, to meet such 
losses as might occur. A n efficient system of watching bad been 
adopted from the first, and great care was constantly exercised in 
goarding against fire, and iu keeping up the apparatus for 
•xtiDguishing it. Tn the year ISiK), they euteivd into aa 
agreomeot fur roulnal insurance; some modihcations indicated by 
eiperiencG have iiubsecjuently been made in it; as now in force 
it imposes very little restraint upon tho manufactiiring operations, 
and provides for the distribution of all losses among the co- 
insurers, in proportion to the irrespective capital stocks. Nothing 
however is paid on losses of less amount than one thousand 
dollars, and no member is obliged to contribute more than two 
per cent, of its capital stock on account of any one loss. 

The aggregate amount of the capital stocks of the co-insnrers 
is 113,600,000, and the amount of loss by any one fire covered by 
the mutual Lnsarance is %-i72,000. Only tho property vithin the 
limits of the mill yards is covered by the mutu.-il iusui-unce; no 
•xaet estimate of its aggregate value has ever been made, but 
when the usual stocks oT materials and goods are on hand it is 
supposed to be equal in value to about three-quarters of the 
capital stocks, or $10,200,000. The whole number of losses 
oovered by the mutual insuranoe during the fourteen rears and 

*rr<iin the JosnaJ of tli« PruUlit IiwtltvU. 



ten mouths unoe its adoption, ending April 14th, 1865, was 
fifteen, amounting to (1-11,818'3S; the average annual toes being 
$D,dG0*70. If the value of the property insured is taken aa abovs 
stated, the average annual loaa has t>een a little less than one- 
tenth of one per cent. 

The mutual insuranoe agreetoeDt provides a mode for 
ascertaining the amounts of losses, and also, for freqnent inspec- 
tions of the apiiaratus for extinguishing fire, and for the ejection 
and withdrawal of any of its members. Since this arrangement 
was entered into, there has been much iuteredt felt In perfecting 
the apparatus, and great expense incurred in so doing. The lines 
of pipes through the mill yards and the connections from one 
yara to another, made an irregular line of eight-inch pipe, about 
three miles in length, having a general borae-shoe form; the 
connexion of thin line with tliu reservoir was at one point, near 
the toe of the shoe; in \85Z, an important improvement was 
effected, by cunueciiug the ends of the horae-shoe lines, by a pipe 
of the same size, about three-quarters of a mile in length. Since 
this connexion has been made, the water drawn in any milt ^ard 
from the reservoir, passes through the IS-inch pipe to the 8-mch 
pipe, thence through both branches of the &-mch pipe, to the 
place of delivery, or a point near the same. In each mill yanl 
ttiere are several sets of force pumps, driven by water-power, 
tlieseare kept ready for immediate use; the water thrown by 
them is discharged directly into the 8-iuch mtun pipe, and any 
excess of water not drawn from the main passes up to the. 
reservoir. 

Each mill yard is supplied with numerous hydrants; on an 
average one to about every fifty feet in length of the main pipe at 
the front of tlie mills, and nearly as many at the rear; about one- 
ttiird of these hydrants have one hundred feet of hoae and a hose- 
pipe eonstauilv attached; these are protected from the weather 
by small buildings, iu which the hose is hung ready for instant 
use. Supplies of hose are kept at hand for use at the other hy- 
drants, and ladders with platforms at ench story are fixed atseveral 
places on the sides and ends of tlie buildings; these serve for fire 
escapes for the operatives, as welt as for purposes connected 
with extinguishing fire. Lines of pipes at>ont four inches in 
diameter are carried from the mains into the mills, passing up 
to the top, and having a hydrant at each story, witli hose and 
pipe constantly attached. Aa a rulr, there is such a line at each 
stairway, tho pipe and hydrant being placed in the rooms, as 
near as practicable to the head of the stairs. This situation is 

fireferred, as it enables the operators of the apparatus, to remain 
onger at their posts, and with more sense of security, than they 
could do at points from which escape vootd be less easy end 
ceruin. The mills built previously to 1845 were generally about 
126 feet long, 45 feet wide, and four stories high, besides bsse- 
meot and attic; these mills have tuualty one stairwav, placed has 
projection or jforch in the middle of the frout. Mills of later 
construction are generally larger, and have two or more stairwoys, 
and a corresponding nnmber of lines of pipes and hydrants. 
These pipe-s are ormstantly filled with water under high pressure, 
and tlie hydrants are kept ready for inhtant nsc. 

It has been found by experiment that in one of the mill yards, 
least fuvourably situated, four of the hydrants outside of the 
mills, discharging through three-quarter inch nozzles, eould be 
suppliefl at one time, and throw water to a vertical height of 
about seventy-five feet above the nozzles; when the number was 
increased to eight the vertical height to which the water eould be 
thrown was rMuced to sixty feet. In this experiment none of 
the force pumps were in operation, tlie entire supply lieing drawn 
from the reservoir. In some cases, when the force pumps in 
several mills were in operation, twenty-five or more hydrants 
have l)een effectively used at once. In case of fire, the nearest 
apparatus is got into use as soon as possible, and if there is any 
probability that a larger quantity of water will be wanted than 
can b« supplied under a saitabta pressure from the reservoir, the 
foroo-pnmps in one or more of the mills are put in operation; if a 
very large quantity is wanted, the force-pumps in mills iu other 
parts of the city are put in operation. A frequent result in such 
cases is that the quantity of water in the reservoir is greater 
after the fire than before; this arises from a greater number of 
force-pumps being put into operation tluin necessary, the excess 
of water pum)}«il passing up to the reservoir. Safety valves, 
similar to those used on steam IwUers, are applied at several 
points on the >s-inch main pipe, to relieve it from exceseive 
pressure due to the actiou of ttie foroe-pumps. 
Sprinklers within a few years have l»en extensively introdneed 
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into the Lowell mills, and, in connc^itton with the sjstam of 
reservoir and maius, are ooojiidered tlie luout ofTective meana 
knovD for extiuguiahiitg fire. lu eome of the departments of a 
cnttoQ mill, 6re spreads over a whole room with such rapidity^ 
that bydnint^ or other ordinary means, seem to be wholly 
iiinduqoate to fxtinuuisli il, lu siinti cnse, a suitable sprinkler 
i)]ip(!an to aObnl the grcntcst protuctiun pmcticnble. 

^\« eoDBtmcted at Lowell, a sprinkler conKista of a not-work 
••f pipes perforated with Ntnall linics, so arranged and directed, 
that when a vaU'e connecting tha spi-iokler with the main pipes is 
opeuett, the water will flow into all parts of the Rjsteni of pipes, 
and oacape at the perforationa, with sufficient force to wet 
thoroughly, and in a very short time, every part of the room it is 
designed to protect. The idea is not new or peculiar to Lowell, 
hut (H^rhaps it has been more extensively and eystematic&llly' 
ailopied there than elsewhere. It was first introduced at IjOwbII, 
ill the year 1H45, into the picking-room of the SnfTolk Mnuu- 
faaturicg Company, by Mr. John Wright, the agent of that 
coiujwuy. As is well kuuwn, this department of a cotton mill^ is 
I^oiliarly liaMn to fire, from the action of the machmery on the 
cotton, and particuhirly on the foreign aubataucea which are oflea 
found roixcu with it. 

Afler the construction of the renervotr, the advantages of the 
eipritiklorB, when uued iu cunnectiou with it, were .trv r-bvi-ius, 
that they were aoon introduced into the picking dopitriments of 
all the cotton mills in Lowell. In 1802 and 1863, sprinklers 
'were pnt into the roofs of the mills. In one of the old mills, 
which have slated roofs, the )>lan adopted was to carry a alx-incb 
pi|>e^ from the main in the mill yard, up near the middle of the 
mill to the level of the perforated pipe, which was placed a few 
feet below the ri>lge pole, and extended the whole length of the 
mill, iu a Dingle line, gradually diminishing in size, from 5 inches 
in diameter, near the middle, to 3 inches at the ends. This pifio 
was perforated with two holes, y|^-inch diameter, in each foot in 
length. These holes point in diacrent direcuons, so as to wet, 
as tur as pniclicable, all parts of the roof. The water after atriking 
the roof, fall», and a largo portion of it finds its way into the 
atones below. The valve canuectiiig the sprinkler with the main 
pipe ia pkicetl in or near the gtouud. usualtj in a pit in the 
ground, near the mill, so as to be alwaytj readily accessible, and 
the water being cuusiantly ni&iutaiued iu the main pipe at a 
iiigh pressure, the sprinkler can be put in operation with very 
litil^ (lulay. 

The roof sprinkler is deemed a very great secnrity against 
heavy losbes by fire, as it afibi-ds the means of applying a l:irge 
Volume of water nt the top of the mill, where front the elevation 
it wuiitd otherwise be ditiicult to apply it. Thiii apitjinilan ia 
expected to discluirgc about 40U gidlons of water per niiuiite, and 
is intended to be used only for a few minutes at a time, unless 
the 6re \s con6ned to the roof. Its efficient action requires that 
most of the hydrants nIiuuIJ be shut off. 

Between the years 18^3 and li^HH, spHnklers had been intro- 
dnoed into many of the carding and spinning rooms of the ootton 
mile, which rtximnare jmrticularly liable U) the rapid spread of 
lire, lu the year lct.')lt, sprinkltra were required to be put in all 
8uch riioniH, an well aa into all picking rooms, and all other 
buildings and rooms liable to the rapid spread of &re or difficult of 
accesB. 

It hits been found i'y exT>eriment that about 45n gallons per 
minute ie the lur^'cst quantity of wnter which can be drawn from 
the main pipes iu some of the mill yards, from the re.tei-voir alonf, 
and maiiitaiu an effective working pressure. If a laige fire should 
occur when the canals are drawn off, as they often are during the 
night and on holidays, to pimhl« r*'paini tn lie niade> llm force- 

f tumps coulrl not be 0|>^ratt*d, find tbc .supply of water would be 
imite^l to that which could Im.* di-awn fmm the reservoir. By 
operating one section at a time, the sprinklerM can be etfecltvely 
need in snch an event; but in a large Qre, the supply of 
water would be much too luualt for the otticieiit action of all the 
apparatus provided. Tlie rvmedy is a larger main pipe, hu 
improvement wo are luoking forward to in order to poifect the 
•yetem. 

As an illuittratiou of the nrraii){cment-uf sprinklers adopted at 
Lowell, the rolluwing description ii* given uf the appamtua in the 
Tremont Mill, which was erected in the year ISfj:j. 

The building Is abool 440 feet Ii>iig, ; nd 7« feet wide inside; 
with five full stories and a roof nearly fiat. The Gm^n are of 
wood. sup|K>rted by t<fro rows of pillars. The learns are about 
]G inches deep, pUo«dabout8 feet apart. The floors are made 



of thi-ee inch planks laid directly on the beams, with a board- 
ing above and another belyw, between the bearos^ forming the 
ceiling. The three upper stories nra famished with sprinklers, 
arranged in tliree sections in each story. Each section ts supplied 
by a rising main pipe, of cust-iron, 6 inches in diameter, con* 
nected with the 5-inch main pipe iu the mill yard, and furnished 
with a stop-gat«, placed in a pit in the gmtind, deep enough to 
be completely protected from troat. The handle of the Atop-gnte 
is constantly attached to the gate, and extends above the level 
of the gi-ound, so as to be readily accessible at all times. The 
rising maiu is carried np ontaide of the milt wall, and between 
the windows, iri onler to be out of the way of beat, when not 
filled with water, iu case of fire iu the mill. Near the level of the 
perforated pipes in the thii'd aud fourth stories, the rising mains 
are carried thi-ough the nal), aud conned, on the inside, with the 
horisonlAl mains, which lie just below the floor beams, atul don 
to the wall of the mill, and extend each way as far as the section 
of sprinkler extends, or about 70 feet. The horizontal mains 
diminish in size as they recede from the rising main. At 
intervals of about 8 feet, correHpondinp to the bays of the mill, 
lines of pe forateil wrought iron pipes branch off fi-om 
the horizontal main, first upwards, by short vertical pipes, equal 
iu length to tho depth of the beams, in order to reach the level 
of the ceiling between th*" beams; thence across the whole width 
of the mill, iu the middle of euch biy, the pipe buing in contact 
with the boards forming the ceiling of the room. The diametcrti 
cf the perforated pipes dimiuinh as they recede from the 
horizontal maiu, being 1^ inches in diameter at the origin and 
j-iuch lu diameter at the other i.>xiremiiy. The perforations 
are yl of an inch in >diametcr, 18 inches a|)arc ou each side of 
the i<tpe, making about 2i perforations in eioh lino. These 
holer- |)oint a little above the hnrisoulal, art that the jet of water 
will xtrike the ceiling a few inches from the pipe. The wat«c 
issuiii;,' with considemhle force, it will follow along the eelliog^S 
falling in «lrops ut abort intervals, a portion of it reaching thai 
beam-s, which ar« about 3^ fe«t dintant, ou each side of tha 
p^rforrtied pi[>e9. In the tippi*r story, the ceiling riacs iu thej 
mirldic, coiTcitpnuding to the pitch of the rwf; tho horir.ontal'l 
main i^ placed in the middle of the room, with the small pipes ' 
branching out on each side, and perforat^fd the same as in the 
stories below. 

The whole length of perforated pipe in the three stories of 
the mill is a little more than two mileM, each section baving 
about \HH) feet, containing about l6fH) orifices. In one section 
the tot>d area of tho orifices fur the distiihutiou of the water is 
about 13 square inches ; the sectional area of the rising maiuj 
is about SB sqanre inches; the proportion of sectional area in the; 
rising main to the sura of the areas of all the orifices of dia* 
tribution, being a little greater than two to one. In proportioning 
the diarnflters of the pipes ihronghuul the whole systemf 
subnlnntially tho same prupurlion is observed; thus, ic the line* 
of perforated pipe's across the mill, the sum of the areas of all 
the orifices of disiribution is about 07:!:t square inches; the 
sectional area of the pifMi nt its origin is 1'7H7 square inches^ 
which is rather more than double the sum of the areas of the 
orifices of distinbution. If the pipe at Its origin Iia.1 a diameter 
of 1'35T inches, its area would have just been double tliat of the 
enm of the orifices, but this isaaise not usually manufiietured. 
Of course there is no objccitoa to the ase of a pipe somewhat 
latter than the rule requires. 

The pipes and perforations in euch section of the sprinkler, nra 
dosiguea to discharge about 4.Vigiillou8 of water per minute, which 
is aboat all that can Ite ilr^twu from the niniii pi))eii in Uie tutll 
yards (von\ thi> rcwrvoir hIoiii>, hihI maintiilu a sufficient working 
pi^Mure; and, of course, only one aecLion at a time can be 
etficiently ' perated, nuJetis the force piiinpK in Uiatiiiill, or in some 
of the neighbouring millM, are in oii^rntion. 

The are;t of Iluur ci>vered by oueswctiou of the sprinkler is about 
10,:joo aqusre feet. The water dischargpd in one minute, wonid 
cover thi» area to a depth of about i^ ol an inch, which is at Iha 
rate of -II incheB fwr hour. The fallof wator tu a thuuder sbowwj 
is Aomeiinies as great as thii«, but in this latitude it it) very rare^l 
There lias been no o|ij>ortunity as yet, to tent the effect t*f any oO 
the larger sprinklers, tike that just described, in extiiiguiihiug a 
tiic: many uf tho smaller sprinklers in the picking-n>om« have 
linwever been used, and their operation has liten in tin; highest 
degree satjafiictorv. There h.-wo been several opportuuiyes for 
lesiiijg tho larger sprinklers when there hsR been no fire: i J every . 
case, where the profwrtiou between the sectional area of th i pipM* 
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and tlio aroa of tho orifices of diRtributioii wliicli tliey siipplr. lias 
been not le^ than twotooae, tlie operatiou lina betfo stLli»r>tctory, 
ant) iu caaes where sprinklera are iu the lower Blories, wJlii short 
auil well ftrnint;c«l aiipjily pipca, they have operated Bnlihfactorily, 
with a proportion between atipply pipe anfl orifices of foar to 
three. The proportion of two to one is, however, pPcfDrred. At 
Ixiwel) the surface of Ibe water in the reservnlr in alwuit iOO feet 
above the top of tho Iiigheat mitt in t!m city. In oiiler ihat 
•prioklera should operate with eqaiil etEciwucy, with a loaa 
eievntei) reservoir, the proportion betweeuthoaectionnlar^aaof the 
supply pipes and the orifices of distribution should be propor- 
tioually greater. In cj»*e<t where the reservoir is but little 
above the level of the top of the bnildiug, apro^iortiou as large as 
four or aix to one may lie neceiwftry. 

The following; table ia computed for the proportion between the 
Bectioual nrea of the supply pi|« attd the Hiini of the nreas of the 
01-ifices which it supplie>4 with wat«r, of two to one. For a 
proportion of four to one, ihf nuiuber of orificea which can he 
inpplieii id one-lialf that given iu (he tnbi**-. for a proportiou of 
•ix to one, the number is oue-third that given in the table. 
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PECUUAIUTIES OF INDIAN ENGINEERING. 

By &fojor J. G. Mkdley, R.E. 

I» thtB paper I propose to draw attention to some of those 
peculiaritiee iu Indian engineering, which will serve to fhow the 
conditions under which work has to be executed in this country, 
(India,) a)id how far they differ from Knglieh methoda. The 
flkelcii will not, perlmps, be altogether deHtttule of interest to 
many who uiu iu India. 

First, aR to the agency. Except forts, arBcoals, dockyards, 
barracke, and the like, there is scarcely a siiiKle public work ia 
England iii which ttie Imptiriul Ouvernmvul U directly iute- 
reated; for even such works as jails, roads, &a, belong to the 
conntiea, or to recoguiaed local interests, while the great mass of 
important works^ sQch as railways, hitrboura, &&, belong to joint- 
atock oompnnioa, and are pii>-at« property, 

In India, the Govemment is the constructor and mniiilaiuer 

of nearly every public work throughout the coauu*y. Not 

merely works which specially appertain to an immense military 

establishment, but every road, bri<!ge, church, court-liouse, jail, 

&C., has to be built from Imponal funds, am) thruugh Gnvern- 

Dient olhivrs. Nor can even the i-ailwnys beexceptcil, for though 

• the cafiital employed is nob its own, yet the coulrolliug power 

nocMSsed by Uovenimeut is so great,* that not lh« Muiallest 

'voric can he undertaken, nor the salary of the lasst otfiot&l paid, 

viUiout its written aatbority. 

* Thli ki1sr4 fTftn tbe fiiarnDtro RfkUoi nnder wUi:)] th« capttiU haft bsfr raiiHHl, 
■Iw Ovtcmminit ipi knotvMnii n mlDiiauni nM of IntvrM > jtr ocnt.i to tJi« ibnir- 
hoMen on atl lunu ptmti u caplul soomnt^ Thn coMmUInK pnwn i« cirniMd 
tliKngh ikc ifOTrnnnnt cosMiltiac mgiomra, »bo bKVH :k r«in un iUiDu>t rT-rj ;uiii>ti 
or Um comour'i CDflMSM. Tlw tfntat, tiMncta pwrfeapa the \f.*t ilmt miiUI Iw 
d«TlHd at ue nme, em tms pradaraTe cT ducd dtiay. mxI bo lilllr ditMiivioD. It 
•mid In K picfcnbte oovne fw OorsnuMOt to grant a crrlAin nitMil; to lb* nilwKv 
tmrnpuij l» «Tenr mite of I1k«. m «onipl«te«l ind opoa far triflk, Msi wuh mcb 
sni^MBcat wUl (wutwblT be adupted iu nlurt. 



For the above work, a great dep»rtmcnt of stale, the Depart- 
ment of Public Works, ia speciftlly provided, by which a syste- 
matic oonlrol is maiuiained over a vast Ijody of 'itficials, Euro- 
[>can and iiativr, acting' as engineers, overaeerx. n-, from the 
secretariat down to the nieaoeRt eniptoyi*. 

But ftuollier distinctive differcuon between tlu- jigcucics cm- 
ployed in England and Irjdin i«, tliat in tho former cninlry work 
ia executed almost invari:ibty by contract, while in the latter 
daily labour employed and paid by the engineers is as invartibly 
used. It is true that every etfort ia being made 1>- introduce the 
contract system, and that it is geuerally in vogm^ iu the presi- 
dency towns, and on most of the great railway works, but over 
the whole country the vast rn^ti^s of the (jovt-rnment work is done 
by dftily paid labour, nud tlie extra wurk thereby thruwn upon 
an engineer may be easily conceived. 

In unoiher very importaut matter do the functioua of tlie 
InMiAU engiueer differ much fiMui tii^i l}rother in En;;land. In 
nmtiy pnris of tlie country there is no organisitioii of t,il>our 
whatever, and, when works have to be execute*!, tbe engineer 
lias ttt collect and tntin his wnrkmcn, to mike arniui^meut!! for 
carriage,* to make hiH own bnckn, burn hi^ own lime, cut his 
own timber, and iu a wonl superintend a hinidied petty dctailfi, 
wliich iu a civilised oonntry nre undertaken by a hundred ditfe- 
rent men, each skillwl in his own peculiar bubinew 

Of the workmen ihirmselvi»8, much good mny bo said. That 
they have the usual prejuilii-es of Ignorant men to the introduc- 
tion of new ideas, and new nK-ihodtt of working, is to be expected, 
but they art- nut w-irse than "thers in ttmt resjiect, *nd if well 
mantigcd are an a rule both iiitttlligent nii'l tes<;h»bl«. Kxceltent 
n^naniis, carpeiitcn, and smith.-' abound in the country. The 
ni;u!liiiiery in the vsririijs railwixy w..i'kahop3 is maniige<l by 
natives under Kur^peJiu sLiperiiitendeoce, anil though there are 
no native ent^dua-it rivers ns yet, we sh:ill doubtless havo some 
before Inog.t 

The most striking thing to the eu^neer fresh from England is 
the total ithseuoe of the oniiunry mechatiicd appliances for exe- 
cuting work. Vnst earthworks arc still madd by the help of tho 
phourah, or native spud e, nud baskets carrie) on the heads of 
women nnd children. Wheelbnrrows are scarcely ever seen; 
liorae carts still more r»rely. For getting water out of founda- 
tions, &c, pumjis a.re coming into use, but in general the primi- 
tive native modes of haling, or the churns jlt'ather bag), or 
Persian wheel worked by ballocka, are still employed. Bricks 
and tilea are almost invariably baud-made, and the pug-mill 
unknown; the saw-pit is never used. 

Of course, tho principal reason far this is the compnnitive 
cheapness of labour, but if the rate of Ubour increases for a few 
years longer, as it has done for some time past, the introductioa 
of more elaborate .ippHauces will become essential. At present, 
except the railway workshops and those established at Koorkee, 
there is no steam machinery in the country, unless at the preai- 
deucy towns. Mschinesdriven by wind power are also unknown; 
it is difficult to say why. Of the enormous water-power avail- 
able on the numrroiu canals and rivers, very little is utilised. 
Sawing nmchlocs are here and there put np, and the common 
punohukk»e, or native corn-mill, is everywere seen where there 
is :in available fall. Machinery worked by animal piwer ts con- 
liued to water-raising fur irrigation purpr>ses, and to one or two 
primitive inventions employed in manuiaclitres. 

Having said so much of the agency employed, let us glance at 
the materi.'dH used, and the worka turned out. In L'entrul India 
and the hilly distiicts all ovvr theconiinetit, many varieties of ex- 
cellent building stone exist.aad are abuudKutty used. In the great 

* TUi dinicultf of urrlAfs Alone. inn ooatiti? wb«n tbr dbrtanan uvu Tut, and 
tbe luean* of lnl«raoiaBiunl«Uiuii to uicoinph<l«, i* mo«t Mrioaa. Tk« frostet (NimAii 
of tlia iwrmsMM wajr m tlw Kwi Iwltu BAtlnr wm bmn^ by HtlVD bosU up iha 
Gftn^ ui(! eiiiO.DOO worth of nil>. Ac., auw It* m tbs l>ottooi of that rirar. On *^« 
Panjjtb iUllwnjr, ibi autvrUU won bnratht tn hoau ap tba lodaB, whidi nn atbn 
wtfii i»i.tiilu im cl)« vorass (800 uUmi, lb« au«t of tnkjaH lMt«e«a KiimcbM sad 
MoolUu Ving itoubfe (be frelchi Crani Englud to Kumran. Tb« UtOMDOtiTgs situ 
stilling ut Mi'iilLiu wen dniued up u ttntDouUtd roiul to LiJior* ud tncla, by 
vlnjdMiits arid l>ull<'<kB-sii «mIu twlng ocoupiod In aooouplUhbii tho SOO idQ««- On 
ibia lin« U-M, wblcJi mat throush a tlmcit. w fir*l ^Utfrn at lb* rnstDMra wen to dig 
«cll*aiiJ limlil but* (urtbr vinkiicoplr, and itidooe ■ikLh netTbanle lotUc Iu lb« 
d»«rc to •cptiij' tbdr wkuU. Wb^n tlM writ-v wrat own toUupc^i tlw 8nrtt7:«r« at 
tlic liuc wiLh tbf diirf enguiKr, wmtcr ud ))n>rutm bid to bo ourbid on taiBSl* 
to uip)ilj Ibr wbola pkrty. 

t la ibi: rallntjij- wurktlwpt ftt Ijihon:, m tiinrx tlioe Vfa, 1 «« tb» carptalora wntk- 
iiig &t ri'eulur Ivnt^hM lii<l«M nr id iMi owa kinatttnit pfuiiUon, atwI InmlSt out wtm» 
bnnlifal rpcdmcDJt i<f work, llw w1»uJl> ef ibt> rolU&a eiock Icxdc)4 tb»mui-w«>rk, 
whicb i* bmiiglil from Kufkiid) hu been nokde at t^(ir« lor Ibu line by tistjr* 
workBinL At 0«>jn»«slM I nv a Oult't retolrar, fvplod to eurtlj, ews Iv Ike 
engnvlbt on tb» rViliidTn, Uut only very doM b«|wctian could (ell it bsd bMS iBSds 
by a BKtlve ainitb. 
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pl&ina of Bengal, Hirnloatan, and the Punjab, however, brick is 
tha only arailablo mftUrial. The Knglish siaed bricks, or those 
of a BtUI larger size, are now comiug iuto goueral use. Tb« 
n.itive bricks are very small, cxoellendy burnt, laid with little 
att«Dtiou to bond, and with a profuse expenditure of mortar. 
Bricks are baml with wood fuel,* in kilos of several kinds; or iti 
stacks like English cUmpa, with dried cow-dung instead of ooal. 

Excellent Iiqiq Is evorTwhcro abumlaut, produced either from 
UmestoDe in tiiu, or th» boulders found in hill torronU, or the 
kuukur found in the pUiua. It is mixed with various sub- 
stances for mortai-a, of which pit a-iod and soorlcheo (pounded 
brick) are the chief iorredienU. For very stron? or 6ne mortars, 
ooarae sugar and egg ehelln are sometimes added. 

A ffrent variety of 6ne timber is found in India, generally 
brought from the forests in the hills— among which may tie 
noticed aaul, a dark, heavy, straight and strong wootl, and 
deodar, nearly the same aa the cedar of Ijebanon; the former 
tised in the North West Provinone. the latter in the Punjab for 
every kind of building purpose. Both of these are found in the 
bills alone, at an elevation of from 2000 to fiOOO fe**t; the trees 
are cut down and thrown iuto the rivers, and wlien thene rise the 
logs are ^oated down to the plains. In West and South India, 
teak is in general use. It abounds in the foreats of Burmah^ 
being one of the most valuable pro<liictions of that i'rovioce. 
Toon, an inferior sort of mahogany, is cxl«uaively uswl for furni- 
ture; aissoo or sheeshum, and some of the varieties of ncacisn are 
hard, heavy, croolied woods, used for strength and tooRhueaa. 

Iron ores of fine quality are abuudaut iu mauy parts of India, 
but from the want of fuel and carriage are little worked, and 
English iron is generally used. Government have made, and are 
now m.^king, seveml pratsewonliy attempts to develop the 
manufacture of iron. 

Here it may be as well to note one or two specialities of oon- 
atruction employed in India. 

In Konds, stone metalling, laid as in macadamised roads, is 
(»romon enoucb, but iu the great plains of Upper India the pecu- 
liar material kunkur is used, and laiil in a peculiar manner. It 
is a species of concretiynary oolitic limestone, found in beds cloeo 
to the surface, and has to be drenched with water, mmiued quite 
SQioothtand tUen suffered to dry before any tralhc la admitted. 
It then makes a white, smooth, and very excellent road covering. 
lo Southern India, Jaterite and moornm'.a aort of red gravel, are 
commonly employed. 

In Foundations, pileft are rarely employed, for so manydestruc- 
live agemries arc at wui-k ihat ihey would not be lasting. The 
majority of tlie water-coursoa are nearly dry at one time of the 
year, and this affordu great fncilities for getting in the founda- 
tions of bridjjes or other works in water. For these the general 
■ahfltitutes for piles are umaonry wells or blocks, which are sunk 
close together, arched over, and on them the piers and abutments 
are miscd; they are also used as fonndations for houses in places 
where the soil is vt*ry treacherous. The beds nf most rivers in 
Northern India when bured, show saud to an immense depth. In 
Bengal alluvial mud is found to as ureal a depth, and necetwitaies 
as mncli j>rocanti<in as »ind. The iiry state of the river I eds alau 
gives greJit facilities for turning arcbes without tlie mo of eipon- 
sive centerings. A eimple an-angement of dry bricks and tim- 
bers are ounsumtly u»ed. built up in the bod of the stream; of 
course t tie work is subject to accidents from sudden floods, but 
these are very rare. 

The greatest works aa yet executed in India belong, as in 
England, t<5 the railwaya. Indeed there are none in the world 
more interesting or imporUnt than tlie Bhore Oliaut Incline, the 
8oaue and the Jumna Bridges, and other works little inferior to 
tliem which might be enumerated. The East Indian Railway, 
iOOO milea long from Calcutta to Delhi, with the branch to Jub- 
bulpore now under con.struction, is probably the longest line In 
the world owne<l by a single company, as it is cMrtaiul} one of 
the gi^atest triumphs of engineering. The Great Indian Peoiu- 
suUr^ and other lines, though inferior in lengtli, are some of 
them, at leant, of equal engineering interest. 

With them may be classed the gi-eat roads, though the system 
like that of the railways is still far from complete. The Grand 
Trunk Koad from Calcutta to lyihore, I3W miles in length, oom- 
prises every variety of construction, from the heavy grsdieuta 
through ibe Ri\jmahal bills, to the massivs and level embank- 

' Kx«pt la a few pUoot when n»l U found. Ho oo*] worth »orkiii« bu jrt bMa 
dUcorercd in Nonbcro ludla. TtM bccuoUret bsra wood, aad fatl ia §Gm9 ud 
4»u, 



mcnta between the Jumna and the Sutlej. The Lahore and 
Peshawnr road, a continuation of the Trunk line, 270 miles long, 
and DOW rapidly approaching completion, may challenge com- 
parison with any iu the world; wliite in the formidable extent of 
drainage crossed by it, it probably stands alone. Of others, the 
Hindoetan and Thibet rood when finished may take its place by 
the side of any of the famoas Alpine roails; while the great 
Deocan road, the Aasam road, and many others still in hand, are 
works of oousiderabia magnitude. 

Besides the lengtli of the distances to be traveraed, it is in the 
formidablo character of the flood waters that have to be crossed 
that the specialities of their construction are to be sought. 
Nothing bntactual experience will uonvinco the English engineer 
of the enormous waurr-way required lo pass drainage lioes whtcb, 
seen only in the dry season, are so shallow and often ptfrfectly 
dry;and bcarcely a seaaou puses without the most ample expe- 
rience being set at naught by the reenlts nf some extraordi 
flood. The Indus has been known to rise 50 feet In a aingj 
night, where confined between its rocky hanks at Attock. At 
disunce of BOO miles from its mouth, I have been in a boat in 
middle, and was unable to descry either shore, while the defl] 
channel in oue single season hasBibifted its place laterally as muci 
as 3 miles. Cross this river in the dry season, and the track lies 
over 10 miles of qaicksaud and mud, while a channel of 1000 
feet in width passes the whole bmly of water. To carry a roiul 
across the valley of such a river, and to bridge such a stnam, 
ma)' well daunt the boldest cnKineer. 

This describes the rivers o? Northern India only; thoee of 
Southern and Central India have also their pocuUarities, which it 
would be tedious to detail here. 

It is, however, in the great irrigation works that have been or 
are being constrncted iu India, that the peculiarities of Indian 
engineering are more especially to be sought; for, except ia 
Italy, those works have no counterpart in Europe. The Oaogea 
canal, 000 miles long with its bronchos, and pouring its waters 
over a million of acres through 3000 miles of distriboting ofaan- 
oals; the East and West Jumna canals, 300 and 600 miles long 
respectively; the Bareo Donb canal,- also 200 miles In length, are 
works of wliich any country may be proud, and in the pnnoipls* 
and couHtmction of which engineers have to learn much whick. 
tliey cauuot be taught iu Ei^laiid. Au entirely separate clase 
of works are the great weirs and tanks of Madras^ wherof the 
works on the Goclaveiy are tbe finest examples, and which 
are also purely Indian specialities. 

Next, a wonl may be said as to Indian architecture. The 
architect and engineer are generally oue, and he also is the con- 
structor as well as designer. The requirements of tbe cUmat« 
necessitate modes of construction difiering from those in England, 
but until lately we have not managed to combine coolness ana 
ventilatina with much architectural beauty. A reform in thia 
respect is however iu progress. We are at least erecting 
handsomer buildings, and attention is being directed towanis 
cooling tiiem elieulually. The difficulties are grent, for what 
does for the moist heat of tbe I^ower Provinces, will not aiiswer 
for tbe fierce dry heat of I'pper India, which it is ueoessary to 
exclude for many months all day long, unless the nir is artifi- 
cially cooleil before being admitted.'*' Aloreorer, the cold in the 
winter ia often excessive, the average extreme range of the ther- 
mometer between summer and winter lieing fulty 100° in the 
Pimjab, while in Bengal the terupcrnture is much more equable, 
the range not exceeding 70^ With nil these drawbacks, however, 
maiiy fine public bullilhigs have been completed, many more are 
being constructed and projected, and churchen, railway statioDi^ 
and government otficea are rising ffist, which would do no dis- 
credit to any capital. 

Some s)HM!ialiue<t of construction which are oomrooa to most 
Indian buildings attract the attention of the new comer. Except 
in the presidency towns, they bave no upper story, partly from 
considerations of expense an<l partly because the upper rooms get 
vary hot during the dry months. The roofii are either thatched 
or tiled, or else are flat and covered with brick and lime plaster. 
The thick beams supporting the roof are as a rule left exposed 
below, as ceiling olotns are apt to harbour vermin and conceal 
the depredations of white ants. The room walls are verr rarely 

Sapered, being usually plastered and w])i to- washed. Wooden 
oors would be too periHliabk' and dear, so floors of flat tiles or of 
lime plaster are suhatitutod. Doors are numerotu, aud invariabtj 

' TIm t«(i)penitnn ef the 4lr at tnld&lglit li Uppor ladla doifsc Uii nwltn tt 
llajr sod JoA« Li o(l«a ofsr IOC*. 
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iScmbte, opening in the middle, V«raodalu all round ft hoaae &re 
coDHidereil iiiiliapcosable. 

In mnny of the moat important and interesting bnuichea of 
engineering littlo has beon done as yet in India; iu drainage, 
I* tniter supj^j, and gas lightiui;, we are now ouly ru&kinf; a com- 
nencement even in the presidency lowna A tine 8cti<>Die how- 
ever it in progress for the drainage of Calcutta, and a similar 
project will shortly be submitted for Madras, while the drainage 
, Aud. cottscrrancy of native towns and European cantonments are 
1 engaging much atteutioii. 

Iu the improvement of our great rivers for inland navigation, 

little or nothing has been done, but many navigable canals are 

, ftt work in Madras and Bengal, and others are in progress. In 

I Bengal, iritindatimi-) from tfie sea and rivers have alao ffiven uu 

t prwjtiioe in the iiu]iurtAnt subject of cmbaiikmeulfi; nod the Hid- 

I gelee sea dyke, when completed, will it ia said be a noble work. 

or military engineering not much hns to be said. Like the 

Bomans of old we encamp oar troops in the open, instead of 

batting them np in forta. Oar anteuals are for the most part 

^ inside old native forts slightly improved, and except Fort 

Williun and the outpoeta on oar N. \V. frontier, there is scarcely 

ft single fort of modern construction iu the country. 

CtoHcly allied as it in to englnfL-ring, a wonl iiiiist be said in 

Braise o? that noble work, the Indian Survey, of which too 
tUe is known to the scientific world. While the trigonome- 
ftrical deparlmeul is covering the country with a net-work of 
t triaugtea, fixing the (tosition of the priocipal atatioos with an 
paccoracy that has not been surposMd (if it has been equalled) in 
any Kuropem country,* the topographical department is busy in 
. deuneating the features of the mountain districtR iu a series of 
[iDftpijt whose fidelity Is only equalled by the difficulties which 
have attended their c<>mpletiou, and the revenue department is 
mappin>^ the plains to a dogrco of detail which shows not only 
every villn^re but evcjy field in each village. 

Incomplete as thin summary ban boeu, I will hope that it may 
be useful in arousing some interest in England in the pectiliarities 
of Indian engineering. 



WORKS AT LAMBTON CASTLE. DURHAM. 

TsE fallowing particulars of the works, for some time and still 
in progress atLambton Castle, were commnnicaie<d by Professor 
Sydney Smirke, at the Jnue Meeting of the Northern Uaioa 
of Mechanics* Institutions, at Cbester-le-Street. 

After some preliminary remarks, the Professor said, as a work 
r of venerable ago Lnmbton Castle ha^, and can have indeed, no 
^ attractions. It is graced by nmio of tho charms of genuine 
antiquity, though it may well lay claim to that regard and that 
careJul nurrej- which vour reepect for its noble possessor, rather 
, than any architectural merits, will secure for it. I am induced 
{ to sar this, not from any affeclwtiun of modesty, bnt for fear you 
, ahonfd suppose thal^ in entering into what may be a tedions 
Fdeecription of the works at LamoLou Castle, I am inviting, or 
rawaiting, ynar approval of them. I think that n plain acoonnt of 
» large and important work of this nature, ami of the particular 
'▼iawB that have infloeneed the deaignor.i of it, may be of some 
•erviee to those who are enmged in tho same pursuits as myself. 
HorratoD Hall, now lAtnbton Castle, is situated about a mile 
I Iwlow Cheater-le-?treet, upon the banks of the Wear, a river 
^sboanding in romantic sceneir. It was anciently the seatof tho 
[ D'Arcys, who conveyed it to the Hedwortha, or Ueadwortbs; and 
[after the decease (in 16BB) of the last male heir of that family it 
[became the property and seat of Mr. Ralph Lambton, through his 
r Vife, who iiiiiented it on the death of Mr. John llodworth. Some 
r fifty or sixty years ago the grandfather of the present Ejirl caused 
I to be built a residence on, or nearly on, tbU spot, and he coold 
rliardly have selected a more agreeable site; but, nufnrtnnately, 
■the architect was not aware of the singular nature of the opot so 
iMleeted. Uighly pictnresqoe as it is, rising ma^rniAcently above 
Itbe valley of the river on whose stoop and richly- wooded 
' Wlika the castle stonda, it happened that the whole neighbour- 

* Tba anpdt. O. T. flirrej, Hafor WtUcer, bss latoly pnesodsd lo Sarop* to Mtifer 
"*i tb> KiiMtun OtrtanoMiil on tfao nwsM o( oonueoUsg tin (tmI Mrtoi uf Iwiian 

sdM Vita tk»t of tfca RmmIh mmj. 

r f ne Bsp nf Cubnen Islolr ooapbiM li]rOa0. UoDl|MD«rt«, K.E., ku «Udt«d 
As nun spprovnl of th« Aiatfofiitaud pniUcnt of tbo Reysl 0«a{npklcal Strnkesj, 
Ksafof the trtiaoomttfiosl ttMtiaa «r« Aboia the lia* or pcmluu no*, mhm 
llw aarrsyocs bsd m lUy tut ttj* tofvtlMr wkitli^ for bvouisbw «««UHr far tk«ir 



hood had at a remote time been undermined in search of coal. 
At the depth of about 69 fathoms below the surface of the hill» 
there were a series of beds of coal, reaching downwards to I 
know not what depth. These beds had been worked out, 
and had Uieu been deserted and forgotten, so that the 
beautiful knowle, whilst it appeared to m as solid aa any 
other portion of the groat mountain range of coal ineasuresj 
was in truth n moat unsubstantial tract of perforated ground, 
unable to lH>ar the weight artiEcially imposed npon it^ The castle 
showed ^rly symptoms of the gmdual subsidence of the earth on 
which it stuofl, and, by the time the pnauiut cnrl came into 
possession of the estate, the building had become in some porta 
insecure, llis lordship had, in fact, to chos- one of two oounws; 
eith«r to take down the Btructure, and abandou the site aa a plaoe of 
residence; or to restore to the hill that stability of which the 
miners had deprived it, and, when thus rendered aoliil and trust- 
worthy, to re-erect thereon the castle. 

The bcnuty of the surrounding scenery, as well as, perhape, a 
not unnatural [>artiality for a aite already selected by his prede- 
cessors aa their residence, ultimately Induced his lordship to 
adopt tho latter course, nothwithstonding the large expense that 
was inavitalily occisioned by tbe adoption of it. 

Accordingly, over the whole area occupied by the castle, tbe 
snceeeaiuu ofempty coal seams wcrcoU diligently and suttstaDlially 
baiU up or " stowed " with eolid masonry. The veiy ironi of the 
hill was restored, nut by occasional props or piers, but by a scries 
of solid, continuous, beds of masonry. 

I Deed not tell yoa how difficult, tedious, and expensive this 
work necessarily was; nor need I dwell on the serious resiwnsibili^ 
that must have been felt by all who iu recommending this course 
had, ss it were, j^uaniiileed it« Buooess. Tbe process oocupied 
upwards of six yeorSj and till this was completed little advance 
could bo mode on tho snperstnicturc. This remarkable work, 
however, was undoubtedly saccessfal, and Is a great triumph of 
pi-actioal fikill. 

The Dtllei-.<i and private suite of apartments were, for the most 
part, rebuilt at tlie beginning of the year 1862. when Mr. Dobson 
fell ill. Under these circumstanoes his lonlship thonght proper 
to place in my hands the further conduct nf tbe work. The com- 
pletion, therefore, oftheprivatcsuitaofapartuientaand the whole 
of the reception-rooms has been so carried on. 

I will now coll attention to such portions of the building sa 
Bsam to me most likely to interest practical men, 

With regard to the foundations, it wilt he readily understood 
that the very uufavi>umble nature of the subsoil rendered theu 
a work of primary importance. The principal walla have had to 
be taken down, in most cases, to the depth of 15 feet below the 
cellar floor, and under them has been placed a bed of concrete 
10 feet wide and t* feet deep. 

There ia no sham more discreditable than the mode of constrnc- 
tiou by which we have walls >.■>( formidable apparent thickness, 
but consisting in truth of two thin faces of worked stone, filled 
in between with loose rubble. Nor is this a dishonesty charge* 
able on mofleni L-outract work alone. It is a sh&m of ancient 
standing, met with, not unfrequeutly, in buildings of various 
mediaeval dates. A long list might be drawn ap of the towers 
and spires that have prematurely perished or become rent in 
twain from this cause. 

We are apt to look hack upon onr andeut worthies with awe 
and reviTvuce, as Ui men of a golden iwe; but, " Tia distance 
lends eucbautmcui to the view," and could we go back again to 
the time of the cowl and hauberk, we shonld probably find that 
humau nature is not so much worse than it was oi yore, and 
that amidst those freemasons of piotis simplicity not a few rogues 
might have been found. 

After entering the outer hall (which is so placed as to prevent 
the cold winds, which are hen? often very violent, from mshing 
into the interior and so ebilliog all the atljacent apartments) we 
are introduced into tlie great Iiall, wbioh was always an essential 
part of the baron's residence in feudal times, and which I exnect 
in the preeeut case vill be foand of great and various utility, 
besides forndog a handsome means of oommonication between 
all tbe principal pnrta of the house, it will atfonl room (or recrea* 
tion and rxcrcisc to both young and old in bad weather, aiui oij 
state occasions will become a brilliant hall for receptions, ban- 
quets, Or lialU. 

The fioor will be laid with parque panels of waiuscot, and 
tbe walls will be similarly panelled, the upper part of them 
clothed with pictures, and perhaps ormoor and banners. The 
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gmt e»d wiiidow will be glnsecl vith riehl/ fitftined glua, which, 
togeUiPr with the «iJe wiodowR, is uow busily eugaoicg the 
ftttCQlioD of Mr. Wailoa. Tho carved wik roof of the hall ia a 
spocimeu of souud workmanship bv the Bamiipa, of Newcastle, 
worthy to he compared in execation with any nimilAT work of 
the fifteenth c«ut\ir>'. 

TlieM fnuiicd tiiuber roofii are one of the upectal cloriea of 
(jothic architecture, contrasting favourably with the cobwRb-Hke 
atracUires to which eogiueerB are bo pmno, and of which it inay 
be tmly said lliat limy nre "a work to wonder at;" the wonder, 
howoTpr, boJQg that they do not more freqiienUy collapee, and 
re«olve tbeniftetvea into their siinpto elements, a heap of ruda, 
bolts, ar.d bam. 

It may be of some iutersst to compare the dimensions of this 
hall with those of some similar halls of various dates. The 
following are a few examples: 

WaitniiMtar Hall, Londnn 28S by 07| ... 00 ft. 

Guilfihill, London 15S hy 60 ... 82 

Unooln'i Inn, Lond<m 120 1^*5 ... 60 

Raby Castle, Durham 120 1^35 ... — 

Chrutchnrch, Oxford 115 by 40 ... 00 

Whitvliftll, I>«Dtlon 110 b; 66 ... 55 

Runjitoa Court PaUce IM by 40 ... 00 

EUthamPslsce 101 by 88 ... fi4 

MJdille Temple, London 100 by ■♦O ... 3u 

MaiMioi] UmK, London DO by 50 60 

St. Slepbena Hall, We«tmuuit«r (K) by 30 ... fiO 

Lambtan Castle, Durhsm D4 by 3tf ... 14 

Proceeding onwards we enter the prineipal staircase, which ia 
GO feet by 24 feet, and 36 feet high. Its iktUIs will afford ample 
space for tho exhibition of pictures and other objects of interest. 
fixun the deeply emhowe«l window at the fimt Inuding there is a 
charming view of the wuuded hilU which surronud tbo uinnsian 
and of the x'altey of the Wear, whose stream runs 120 foet 
below. 

Returniii;; now to the hall, a central door tuwanls the east 
lea^lii into the diultig-room, 69 feet by S6 feet, and 12 feet high. 
Although this room ia in temporary use, its tinal decoratioos are 
postponed nntil a more eonventont lime; the ceiling will demand 
gilding and colouiiid treatment, 

A door ou the west sido of the hall Icduls into tho drawing- 
room, overlooking the terraces and garden. It is 66 feet bv 26 
feet, eiclusive of the bow, and %i{ feet hi;;h. The walls will be 
rielilv clothed by the ample stored of works of art in his lord- 
abip^ pnssesftion. TIte floor will be pan|iictt(»d in various woods. 
Tliecarvod ehimnoy-pieces, rising to a height of 18 feet, have 
been executed by Messrs Mazaroz& Co., a firm in Paris, omiuent 
for artistic worknintiship of this iinlure. It is a fact well worthy 
of notice and euiulntitiu, that, such ia the energy of our French 
ueighbouri, tliese elaborate chimney pieces, together with those 
equally enriched in the hall, and that In tbo state bedroom, 
compriainit together a prodigious amount of carviug, were 
Tuudelled, car\-od out of the solid oak, framed and fittoil together, 
{lacked up, and delivered from Paris at tho castle, within thnw 
months. 



RAILWAY OVKR THE MONT CENIS. 

A series of official trials on the proposed railway over Moot 
Cenis, to be used during the consLniction of the celebrated tun- 
nel t)itoui;h the ninuut:\in, bus just been concluded. Captain 
Tyler, K.E., was commisiioned by the EugliaU Government to 
be present at these trials, and to report thereon, which he has 
recently done. Tli*- espcrirnonts were to be made with the loads 
nod at the mte of speed re(|ulred to carry out the pn)grair)mo of 
the projectors f«r trainit ci-osaiug the mountain between Suaa and 
St, Michel, cnrrying tifty passeugei-s, their baggage, aud the mail, 
and performing the distance in 4^ hours. But throughout the 
IrinU the stipulated sjteed was exceeded. The portion of the high- 
road over the Ceniti that has been granted for the railway lino is 
tho outaide-sktrting, that is to say, the edge of the precipice. 
Measures had to be taken to obviate risk, and persons who hava 
well examioal aud repeatedly travelled over the portion of the 
line already constructed, h.\ve expressed a most decided opinion 
in favour of its safety. Uuti' the oontractoiii had thoroughly 
■iLtiafied themselves of' the possibility of set-uriug complet« safety^ 



it would have Iwen foltj for them to embark at all ia the 
undertaking. 

There is a break of 476 English miles, from StMidtel to Suaa, 
in the railway communication between France and Italy by the 
Mont Cents route, and the ooutract lime allowed for travelling 
by diligence between tboae two places is 9 hours in summer, and 
10^ in wintor. Tho passage of the mnnntain, which may be said 
to commence on the rreniw side at Lanalelxjurg, is by an excel- 
lent road, & to 10 metres (say 30 to 32 feoi) in width, and on aa 
average gradient of 1 iu 13; but the traflio is much impeded 
during the winter season by suow; and oouaiderablo risk ia 
incurred in some states of the weather from the fall of avalanches, 
aud from the diOiciilty of guiding the heavy diligences over ice 
and snow in the descent. Dnring portions of the winter, indeed, 
the service is performed by sledges, aud the time occupied by 
the jooruey is uncertain, de|>rndiiig on the state ol the weather. 

To save time, aud to obviate the inconveniences of this passage, 
the Oran<l Tuunel of the AIim is io course of construction octweeo 
Modaue and Bardoneche tor a length of 1^,220 metres (7593 
miloe). In this tunnel headings have been <lriveu for 2011 
metres from Modane, nnd i!7fX) metres from Bardtjucche, leaviu| 
7509 metres (about A\ EngUsb toilea) to Ik- pierced. The boring 
machines in this tunnel, mgeniously contrived by Mesars. Som- 
meiller, Omndis, and Graitoui, are wor sd by air, which if 
compressed to five atmiupheies by w.iter-wbeeU iu the vnlle} 
below, and about a mile and a half distant irom them; and thi 
headings are formed by successive explosious of gunpowder, in ihc 
usual way, as soon as the hules, about 3 feel deep, have been 
formed (and tamped) in the roek. 

It is stated that 40i>'horaepow6r lias been exerted by five of 
these water-wheels at M*Miane, to provide 27-hor«cpower work- 
iug nine jumpers at the fuce of the excavation, and to atfonJ 
iiidifiereut ventilation (except at the spot where the boring 
iii-tchiue is at work) In the interior, while ;£8000 or more h«r 
Won i-eccut1y cx|M:uded iu cuustructing cyliudrical boiler-shape* 
ri-;%*rvoirs fur compressed air, to oonuin a supply sufficient fa 
al>->ut half-a-day's working in the tunnel. These reservoirs an- 
fitlei during the intervals when ihe boring machines are not al 
work. 

l.'aptain Tyler states that, " looking to the rate of progreM 
which has hitherto been efTeoted, aud the probable nature of the 
racks, it cannot be expecte<l, without taking into account anj 
extra difHcultlRs of venlitatir>D, nr from water, which mav Im 
enci'uutered, that this tunnel cau be completed in less than from 
seven to eight years. There are other works also ou the pen 
manent nulway, as at present projectctl, including other tnnuela^ 
which will occupy many years in coiintruclion." 

Vuiler these circunisLaucvs, Mr. J. B. Fell has pro|rosed to th« 
Frcuob nod Italian Quverumenta, on behalf of Messrs BnUM/ 
and Co., to construct a railway from ^L. Michel, over the Mont 
Cenis to Saaa, to be used pendini; the completion of thegnutd 
tunnel aud the pei-maneot railway to be connected with K 
Mr. Fell has asked for no pecuniary aid from either of tbow 
Goveniments, as tho association with which he is couuected an 
confident of makiug a profit out of the work, besides reimbursing 
themselves for their outlay of capital aud interest, by the timft 
that tho tunnel is completed. * 

But. the gradients contemplated were such as could not be sar-J 
mounted hy any locomotive etfgiue working with a load, on I ' 
ordinary aysteoi of trustin); to its weight for mlliesion betweea] 
its wheels and the rails; and it was considered that tho beitj 
metJifxl of obiainiog extrn adhesion would be by the revival of i 
system, long since patented, but never carried out, of adding ftl 
third mil between the ordinary bearing rails, tu be acted upon ' 
by horizoutal driving wheela ou the engiue. A locomotive 
engiue was nccordiucly coustntcled, fmm one of a number of 
deaignK which have oven patented and described hy Mr. Fell, 
with two |)air« of horizfiutal, as well as two pairs of vertical 
driving wheels; and au experimental line 800 yards long waa. 
laid dnwu in Derbyshii-e, on the Cromford and Hich Peak Roil-] 
way, with the pemiisaiou aud assistance of the Ldudon and North 
We8t>.Tn Hallway Company. The gnuge was 3' 7 §", and th«r 
were 1 W yards of sirnight line nn a gradient of 1 iu \ys^ am 
ISO yards of curves, with radii of 2k nnd 3| chains, on a eradiaDt^ 
of 1 in ii. The third rail upon this line, to be clipped betweeal 
the h'-rizontal driving wheels of the engine, was laid on its side 
7^ itiches above the other raits. In the course of a seriee of 
experiments, oairied ou from SepitMuber IhW to February 1864|3 
the Srdt engine that was constructed, working up to a preason bi' 
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130 lb. to the square ioch, oever fniled, m I am iDformeJ, to Uke 
a loftd of £4 tooa op tho above iiiclinea and roond the abovd 
corres; and its maximuu load was 3U tons. The outer cylinders, 
■workiag on the foor vertical wheels, which carried 16 Ions when 
the engine was fully lutuied, could only draw up, besides the 
weight of the en^ii^c, a lumltHl wajrgou wel<^diiiig7 tims; while the 
inside oylioders, acting upon the horizontal wiieels, which prewed 
with 12 tona aft^inHt the Diidille rail, eiinbled the engine to taka 
np 34 tons on the same day, and under the same conaitiiina. The 
inside cylinders alone were iihle to carry up the engine itself 
round the curves, and they exhibited the power of Liking up 
altugfllhor 17 tono, tis agtiinst *23 tons for the outside cylinders, 
which were nearly in proportion to the pressure and weightupon 
the horizontil and vertical whevia reapectivcly. The experiments 
on the Hiah Peak Itailwuy were so successful that it was deter- 
mined, with th-? perniiasion of, and for the satisfaction of, the 
French C4nvernmeo(, to repeat theuj on a larger scale on the 
slopes uf the Mont Ceiiin; the Ilalinii frovernment haviiijg under- 
taken to grant a concessinn to the promntera for the south side of 
the mouiitnin, conditinnnlly on a cuncesdiou betn^ obUiiued from 
the French Ooverntnetit for the othi'r side; and the Fi'eoch 
GovemmeDt having promised i)ieir concession, after some cor- 
respondence and delay, on the condition of the piacticability of 
the schomt^ lieing demonstrated. 

The ex|>enmental line which has now been constructed on the 
Uont Cents, is situated between Laoslcb'tur:; and the summitj 
oommeucino; at an elevatiou of lGi2 metres, and terminating at 
an elevation of 1773 metres (or 6e)lo English feet} above the sea. 
It is nearly 2 kilometres, or a mile and a qunrter in length, and 
rises forlliH whole of that distance with a mean jjradieut of 1 lu 
13, tho maximum gradient l>ping 1 in 12. It jKisiiea ronnd a 
sharp corner, joining two of the zigzag f.f ascent, on a curve of 
40 metres, or about ^ chains' radius, and except at this point it 
is laid on the outside of the roatl, occupying a width of 3^ to 4 
metres, and leaving 5 metres and upwards clear for the i\Mid 
traffic. 

The portion of the road which remaiuH appears to be quite 
sufficient for the circulation uf tho existing trafBc. The diligences 
and other conveyituces traverse the mountain with no more 
difficulty than before, and with the additional prutvctlou of the 
railway fence between the road and the prei:ipice. Less iucoo- 
veolence has been experienced thnn was auticipateil from work- 
ing the looomotivQ engines so near to the public ntad; and an the 
■ame horses and mules are, fur the most part, employed upon Iho 
mountain, they will become more and more accustomed to the 
noise of tho engines and trains. During threfi mouths of work- 
ing no aocideat appears to have occurred. The ti^ffic on the 
road, will of oimrse, be comparatively iocoDsidei*able after the 
opening of the railway, and there can be no doubt that the por- 
tion of road remaining for it will then be amply sufGcient for all 
purpoeea. 

This experimental line has been purposely constructed on tho 
most difGcult portion of the road on which it is proposed to 
leave the railway without covering; and it was well tested as to 
the difficulties arising from suow during very severe weather, in 
the early pnrt of the present year. The result could hardly have 
been ex^^'ed. Better adheston was obtained on tlie rails iu tbe 
winter than can be looked for In the summer season. Hie enow, 
when retuovti-d from tho i-ails in hant weather, left them dry and 
in good L^>Qdition. while the peculiar dusit of the roads, especially 
when mixed with water, renders them comparatively greasy or 
alipjpery. 

This line is laid on a ^uge of MO metre or (3' 7^"), with 
rails borrowed from the Victor Eraanuel Railway Company, of 
the I section, weighing about 75 lb. to the lineal yard. The 
bearing rails are fisbed at the joints, and are supported io cast- 
iron chairs, which are spiketl in the ordinary way to traiisverse 
wcwleu sleepers, 3 feet apart Tho only peculiarity (beside the 
■If .^p gradients and sharp curves) cooxists in the addition of a 
tuiddle i-ail uf the same stfctiou, which is laiil on its sldn ln'tween 
the other two, and at an elevation (to its centre; of 7^ incheii 
above them. This rail is supported partly on cast and ^tly on 
wrought iron chairs, weighing SO lb. each at tho joints, and 
16 lb. each in the iatermediute spaces. 

These chairs are now fl feet apart on tbe straight line, and 
from 3 to 3 feet apart on the curves, aud the joiuts of the middle 
rails arc not yet fished. But it is iuteuded to ndtl fish-plates 
immodiatety to the joints of these rails, aJid when the line is laid 
perDUUientfy to place the chairs 3 feet afiart on the straight Hue, 



and 1 ft. in. apart on tbe curves, besides securing them to the 
longitudiniU timbers on which they rest by means of through 
bolts. The longitudinal timbers are 8 inches deep by 12 inches 
wide, snd they ai-e spiked to the transverse sleepers. They wtU 
bf more securely aflixeil to them in the permanent rood. 

The above i-ails are oufnvouniblu for use as inttrnnediate rails, 
beoaupe the horizontal driving wheels of the engines only bite 
upon projectiug parut of the siHi.-trcd edges of their section; and 
they are not of the best <|unlity for affording adhesion; but it 
was an advantsgo to be able to procure them in the oouotry, and 
it may be considered that tbe rails which will be speoially sup- 
plied for the permanent line will, at all events, not be leu 
etiicncioua. 

The whole line from St Michel to Susa will be on average 
gradieote (supposing the culminating iwint in the middle) of 
1 in 25'6. The steepest gradient will be I in 12, and a middle 
rail will be added to the (jcrmaueut wny for all gradients steeper 
than 1 in 2.>. 

Out of 1960 metres on the experimental line, there are 860 
metres of curves, iu 430 of which the radius of curvHtore varies 
from B-1 to 40 metres, while in the remaining 4(>0, the rndias 
nienaurea 100 or more metres, The pro|>ortioii of curves on the 
whole ihie between St. Miclit^l and Susa wilt be much lew; and 
Mr. ^ proposes, by a happy idea, to modify the gradients on 
the ,.«rper curves, and to make the grndieots on the straight 
pontons of the line contiguous to them more abrupt, though not 
steeper than 1 in 12. The extra resulance that wt^nld otherwise 
be atforded, in oousequen'-e of the friction of the eugioe atid vehi- 
cles in passing ronnd the worst curves, will thus be partly avoided, 
and the tractiounl rp.sintaucfs over the dilfei-ent parts of the line 
will be more nearly bahiuccd, becsuse tho shsrpost curves and 
the steepest gradients will not occur anywhere at the aamo 
point 

There will he ten level crossings of the road, and six of them 
on gradients Bt«e|>er than L in 23. The middle rail will be left 
out nt the point of oi'oesing iu some of these cases, and will pn>- 
bably W passed by ramps (for animals and vehicles using the 
road) in others. 

The covered ways on different parts of the mountain will 
extend, altogether, over fi-om li to 13 kilometres (7^ to 9^ Eng- 
lish milee), but the latter amount has been provided for. Thejr 
will be of three <lescriptiou8, comprisiug a wooden roof and sides 
for, say n kilometres, to keep olT light falling nuow; a stracture of 
wood, strengthened by iron, for 7 kilometres, as a protection 
where the ntiow drifts in deep masses; and a strong masonry 
arch, for 3 kilometres, in passing tbe various ruue of tbe 
avalanches. 

There are nn exact records of the amount of snow that falls 
upon the Mont Cenis; but it appears that the cost of clcariDg It 
sufScienlly to keep the road open for traiHc is nt present atwut 
13,000 francs fiiutually, as against 31,900 francs on tbe average 
for the St Oothard. The cost of cleariug it for tbe use of the 
railway, and the difficulties which it would occasion to railway 
trafhc, would be small, compared with its present cost and the 
difficulties of tho road trafSc, for soveml roaauus. In the first 
place, the railway would be under cover In those parts of the 
mountain where the «now would occasiou the greatest risk and 
inconvenience. (2 ) Tiie railway would generally, when nut under 
cover, be on the outer side of tbe road. (3.) The locomotive 
engines would be available for working the snow plonghs, when 
fresh falls of snow neoessitated their use. Tho cost of clearing 
enow from the railway ou the Hammering incline is given at 
200 francs per kilometre per anuuni. 

Tlie two locomotive engines ui>w on the Mont CenIs, have been 
designed with a special regard to three objects. 1, To develope 
a maximum of power with a miuimum of weight, so as to leave 
as great a snrplns ss positihle for conveying traffic on steep 
gr.idieuta. 2. To afford extra ailheiiion. independently of tbeir 
weight, by means of horizoiil.-il wheels pr^Sffnl by springs behind 
the axle Ijoxen .-igaiiiKt aii iiiterniediale ml. 3. To Virork at 
modemte ci)i«eds and round vcr>* sharp curves. 

No. 1 engine wuighs 14 tons 10 cwt wheu loaded with coke and 
water. Iti boiler is 7' f)^" long, and S' ii" iu diameter, and jt 
contains 100 tubes of 1^" external diameter. It has a heating 
surface of 420 squttre feel, nnd a grate area of G' 6*. It is pro- 
vided with fonr cyUndeiB, two tiui«ide cylinders It^'in diameter, 
with a str'>ke of IS", for working f.iur ci'iiplwl vertical wheels 
2' 3" ill diameter, with a wheel-mise of 3' 3"; and two inatde 
cvliuders 1 1" iu diameter, with a stroke of 10 inches, for working 



286 



THECTVIL ENGINEER AND ARCHITECT'S JOURNAL. 



tA«(. >. IMS 



four horizontal conplad vhedt 1*4* io fliametsr with n wbeel-bue 
of r 7". It has now a precftOM of 16 tou oa the LorizonUl 
wheela, 4 tons more than vtm at first applied to them; and 
about the eama w«ij;ht as is carried from the weight uf the 
engine hj the verti^ vh«els. Guide vhecU hare also beou 
added to the trailiog end of the ODgiao to act apon Uie middle 
raiJ. 

This engine labours uoder serious disadrantagesi inasmuch as 
its machinery is too much crowded together for convenience in 
rfr-adjostment or repair; iu boiler power is not suflicieut for 
, vorking the fast iratSc of the Mont Cenis; and the oil frotii its 
l-nachinerj &1U npon the bonzonlsl wheels, and deprives them, 
to some extent, of tlieir i>ower nf adliesion. But it has, never- 
tiielois, gooo fsr to prove the principle which it was to test or 
establish; and it is, oonaidering the noveltj of the ondertalcing, 
a surprising sucoess. 

In the coarse of two days, I took six trips wttli this ctiginc 
up and down the experimentAl line, carrying each time a load of 
16 tons, in three waggons, including the wet|[ht of tbe waggons, 
and it performed in the aaosnt 1600 metres m S^ mioutee, with 
a loss 01 14 lb. of steam, and of ftl inched of water in tlio gance 
glau, at steam pressures varying between 92 and 1^ lb. to the 
square inch in the boiler, as Gne average of all those oxperi- 
ments. 

The speed attained waa in every ease greater than that which 

it is proposed to i-u'u with the same load with the express 

trains; and tho average speed as above given was at the rate uf 

_X3J kilometres (or 8^ EngliBh miles) perlinur, instead of 12 kilo- 

~ netres (or 7^ English mileft) per hour, which ix the high.iet run- 

ing speed allowed in the programme given to tho French 

orerament for this part of the line. The weather was fiue and 

r&Umi and the bearing rails were in first-rate order; but the 

middle rail, as well as the horizontal wtieela, were oily, and 

therefore in a condition vet-)- unfavourable for good adhesion. 

The following caloulntion shows the average work which was 
performed by No. I engine in the course of those cxporimeiiw. 
Omitting^ iu the Grat iustauos, the extra resiBtance from sharp 
curves and neglecting that from the atmosphere, we have the 



Besifltance horn grsvity 

Friction of Bearing Engine <outside 
oylinden) 

Frirtion nf Prssnure Raging (inside 
(n^biulers) ... 

Friction of Tnun 

And the tractive forou exeited 



82x2240 _ 

~ 1 a ~ 

s; l«>c20 = 

= 1BX20 =: 

= 18X10 = 



= 0,3U lb. 



And 



= IM H.P. 



1,800 metres ~ 8| uinutM=D.906 feet-r^)! murate - 727 ft. 
per miuuu. 

fl.314 lb. X 72" feat per mtout a 
33,000 font-pouiMli per mitiuto 

ss agaiiut thu same luad at 12 kLLjnuftnu 

perhotir ... ... = 125 H. P. 

Adtllng 10 per osnl for eatrs resistsnos on ihsrp curves in each 

esse, 
139 -f 10 per cent. = 153 bome power al 1,80<) metm to f>^ min. 
13U + 10 paroeol. = 137'S hotse power at 1.800 mettua in 9 ,, 



IS'fi Excess of bone power above wbst was 
lequiied. 

The consumption of fuel daring these experiments is hardly 
worth rccoriiing, twcaiise it was impossible to distjr.guish be- 
tween what waK burnt while the engine was standing imd that 
which directly contributed lo the power exeribd. But tlio 
enpne haviug buen umler ste&ni about 3 hours the first day, and 
3^ hours on the socooil day, there waa consumed altogether, aa 
nearly as I cuuUI asoertain, &S'-i lb. and 6d3 lb. of niix«l fuel on 
those days respectively. Of the abnve titue, atiout 97 or 08 
minntM were occupieil in running Ifl miles during the experi- 
ments up and down the line on both days. 

This engine ha« run upwanU of loO milps altogether in 
ballasting and conveying materials upon the exiierimental line, 
oarrying loads of from It! to 20 tons, without accident or 
""TifBculty. 

No. i engine, int«Dded speoially for working the traffic of the 



Mont Cents, is partly of steel. Its net weight is 13 tons, anJ 
its greatest weight, when fully loaded with fuel and water, 
Iti tons 17 cwt, giving a mean weight of 16 tons, which will be 
brought op, when certain parts have been strengthened aa oon- 
tumptatcd, t<i a maximum weight of 17 tons S cwt, and a mean 
weight of Id tons 4 cwt. The extra machinery for the hori- 
EOUtaJ wheels weighs however only S Ions 13 cwt. 

The boiler is 8' 4^' long, and 3' S* in diameter, and contains 
168 tubes uf I^' external diameter. Tbe fire-box and tubfis 
contain altogether 600 superheial feet of heating surface, and 
there are 10 feet of fire-grate area. There are only two 
cylinders, with a diameter of 15'' and a stroke of 16*, which 
work Imth the four coupled horisontal, and the fnur coupled re^ 
tical wheels, which are all ST" in diameter. Tlie <vh«el bass of 
the vertical wheels is 6' 10", and that of the horizontal wheels 
2' 4". Tbe maximum pressure iu tbe boiler is 120 lb., and tho 
effective pressure ou the piston is 70 lb. to the square inch. 

Besides possMsiog a greater amonnt of t>otler power, this 
enghie travels more steadily than No. 1 ; its machinery Is more 
easily attended to, and tbe pressure upon its horizontal wheel* 
can bo rugulated by the engine-driver at pleasure from Uie foot- 

Elate. This preRflura In applied through an iron rod connected 
y means of right and Iclt handed screws, with a beam on each 
side of cJiH middle rail, and these beams act npon volut« springs 
which press the hori/nutat wheels against that rail. The pressure 
employed during the exjierimenta was '2^ tons on each horixoutal 
wheel, or 10 Ions altoectber; bnt tbe presBure actually provided 
fur, and which may wnen necessary be employed, is 6 tuna upon 
each, or i4 ions np^tn the four honzontol wheels. 

The vertical whoeU are worked indirectly by piston rods from 
the front, and the horizontal wheels directly by piston rods from 
the back of tbe cylinders. Tbe motions connected with the 
horizontal wheels appeared lo be working perfectly well; bat 
unfortunately some of the parts in front of the cylinder connooted 
with the vertical wheelx reqnireil strengthening, and it was not 
deaimble, for fcnr of injury tliat would cause further delay, to 
t«st tho engine looch or heavily while I was upon the mountain, 
or until the new parts, which are under construction, had been 
received from Englaud. I was able, however, to take it up 1800 
metres on the experimental lino with the same load aa before, 
of IStonaiu three waggons hi 6^ minutes, or at a speed of 17^ kilo- 
metres per hour, as against l:J kilometres per hour which it ii 
proposed to run with tne express trains. Tbe steam pressure In 
the boiler full from IIS to 102^, and 3 inches of water were lost 
in the gauge glass, tbe feed having been turned on during tbe 
latter period only of this experiment. No. S engine (whose 
frictionni resistance is 120 lb. lesH than No. 1 engine, when only 
10 ttJiiH of {Treasure areemployed on the horizontal wheels) exerted 
in this instnnce, omitiiog the extra re istanoe from eurvea, 
177 horse power, or adding 10 per cent, for the resistanoe from 
curves, 19S horse power, or more than 12 horse power to e*oh 
ton of its own weight, and nearly 60 horse piiwer in excess of 
what was required to take the same load up Die same gradients 
and curves at 12 kilometres per hour, ns proposed in the pro- 
gramme. 

Allowing 4 feet of hentiitg Rurfnce to each horse power, this 
engine ought to be callable of maintaining l{>0 horse power, or 
45 horse i>owcr leas thfvn it exerted for a comparatively short 
distanoo in the above experiments; but o'lnsidembly mnf« than it 
wilt be necessary to exert tu carry out the prograinme. And 
indeed, a light train, carrying despatches and M pa8seiig>era, and 
drawn by one engine, would perform the journey without diffi- 
culty iu four hours, t08te.id of four hours and a hal^ from 
3l Michel toSuaa. 

I observed on the following day, that 40 lb. of steam pressor 
in the b.^iler, or one-third of the maximum pressure employed, 
was sulBcient to move the engine alone op a gradient of 1 in 1S4; 
and the friction of carriages or waggons being proportionately 
much less than that of an engine, the same engine ought, a for- 
tiori, to be able to move a gross load of three tlmn its own 
weight, or 48 tons, at ita greatest working pressure, up tho same 
gradient. 

The only piis^enger carriage that has yet been cooslmcted is 
6' 4" wide, by 12 feet long, by 6 feet high inside. It has a paa- 
sags down the middle, and six seats on each side, on which 
passeugera sit f:ictng one another. The wheels are f 3* in 
diameter, and it is intended that all cariiage and wa^on wheels 
shall run loose on one tide of the axle. Every vehicle will be 
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IHTOTiiled with ft Itrmk of the ordinary description, and ft Urge 
proportion also with breakx nctinj; on the middle rail. 

Th« road traffic between Sl Michel nud Sosa appear* from the 
retnms of ilie Victor Rrueanol Kailway to ghow ad »Terage in- 
en&ae of rather more tlian lu per oeut.i»«r annum during the liwt 
foor year*. Bstimatiog; the traffio to increase iu the same ratio 
only after the npentn^ of the railway, the total revenue in seven 
year* from 1S67 to 1873 inclusive, would b« upwards of 27,000,000 
frauca; and it ia cnuniderod Ihat *uch a. revenue would leave at 
the end of that lime a clear profit of serenil millipns of francs^ 
ftftor deducting all char(joa, and after poyiog interest upon, and 
paying off, the total boud and share capital of 8,000,000 franca. 
The value of tlie railway and rolling stock would alao lie at the 
end of that time to the cre^lit of ihe companir. But it cannot be 
doubted that the iMUflenirer trnflic would increaae in a much 
great«r ratio after the opening of the railway, in oonteqaenoe of 
ibe great saving of timi*, an4 the greater comfoit and oonreni- 
«Dce in the passage of the mountain; or that there would be, not 
only an increase in the goods traffic, but also a prospect of 
developing a traffic of cheaf»er goo<Ia and minerals which do not 
RS yet pass over (he mountain. And the projectors have, forther, 
ft reacunnble ho|>e of carryin;; the Indian mail, on the ground 
tbftt they will be able to save 3S hours of time in its tians- 
mission between Englau'l and Kgypt. 

To provide for the carriage of] 32 paaaengera and 66 tons of 
goods daily, they propose to run three trains «aoh way, namely, 
DDB train carrying 4) j»a»9eiiger« and their laggftge, weighing, ex- 
dnsive of the engine, 16 tona, and traveliing at a mean speed of 
18 Irijometres per hour for the 77 kilometres between St. Michel 
and Susa; n second train carrying 26 passengers and 20 tons of 
ffooda, and weighing 40 tons, at an average speed of 12 to 14 
kilometres per hour; and a third train, carrying 24 tons of goods, 
and weighing 48 tons, at nn uvera;,'e speed of 10 kilometres jwr 
boor. The 6rst of these trains they propose to take up the 
mountain by one engine, and the seooud and third by two 
eomnee each. 

The relative distances by the Mont Cenis route from Paris to 
Turiu and Genoa, and the route by Marseilles to those places, 
may be thus stated: — In proceediog from Paris the two routes 
diverge from the common point of >^cou, and the distances are — 

E^BglUb UUm. E&^Ufa UilH. 

Macon to Genoa ... ... 559 326 

Macon to T«r!n 059 226 

showing a savinu in fav-.ur of the Mont Cenis rente of 233 miles 
to Genoa and 433 to Turin. 

The lime that would be occupied in the journey between this 
country and I-^ypt, vid Paris, mnv bo eatimat<Mi for the route by 
Marseilles and the route by \ionl Cenia and Brindisi {tho 
Italian railways having recently been opened for traffic to that 
port) reapeotively, as follows: 

For the Mmneilles mute : — 

Paris U> >taj-BeiIlcii 864 kilometres, at 54 p«r hoar.. . IQ hoots. 
Msneilles to Al«xaiirlria HthJ nantitvl miles, at 

10 per boor, with boon' delay at MalU ... 162 „ 

Total 163 

For the Brindin route, by Mont Cenis and Brindisi : — 

Paris tu Macon ... U\ kilouwtrvs, at 54 per hour, 8( boots, 

Msttin to St. Micbol 2»7 „ 40 „ H „ 

St Michel i«» SuMk 77 „ 18 ,, 4^ „ 

Sum ui Brindisi 1153 ., 40 „ 29 „ 

BrindisL to Alexandria 822 nautical miles, 10 „ 62J ,', 

Totsl 180 

showing a Mving in fevonr of the Mont Cenia and Brindisi roate 
of 38 hour*. This wouU be of importance in faciliUttug the 
«0iUBupiofttion between this country and India, and in the 
tnnamisuon of the Indian mail, though it is to bo observed that 
then would necessarily bo a change of vehicles at St. Michel and 
Sua. 

The resnits of this experiment are of great importinoe to the 
future of radway ooiistrucCion in mountainous countiies* as will 
be aeen from the following observations: — 

Whenever it beoouM neoessaty to crou a chain of monntains 

by ft line of railway, the question ariaes as to whether it will be 

t more economical to t>ass over the summit, or to make a tuun«l of 

.greater or lees length. The cost of construction, and of working 

the esUmatod traffic, being duly oonaiderred, it is ueoessary to 



determine what elevation shoold be reaohed, and what lengthy if 
any, of tnnuel should be formed, according to the eircamatances 
of each case; and the most important clement in the oalculntiou 
is the limit up to which sleep gradtents may be safely and scodo- 
ntically worked. 

Mr. Fell has shown practically Oiat gradicnla of 1 in 12 to 
1 in 16 may by a system of horiKnntal driving wheels acting 
upon a middle rail be substituted for I in :2^ to I in 30, wlitcb 
have hitherto been practicable, and that sharper curves may also 
by this system be more safely worked. He has proved, in other 
words, that a railway may \>e constructed over a given summit 
of half the length that would otherwifte have been oeceraary, and 
atleastban twcv-thirds of the coat; because, although the [H^nua- 
oent way would be more expensive, averaging, say .£.1000 in- 
stead of .£ISOO to £2000 a mile, yet, by the adoption of steeper 
gradients and sharper curves at oritical points, cuttings op 
embankments may oe reduced or avoided, and the works gene- 
rally be more cheaply laid out And the oost of working and 
maintenance would, considering the same elevation to be reacbed, 
be cheapened, as well as the cost of construction. There would be 
half the length of line to maintain, and tho speed of the trains 
would be reduced. Only half the speed would, indeed, be required 
to reach the nnmmit in the same time, and the name CgnM") luada 
tnight be taken up by the ntrnte expenditure of power at that 
speed so reduced to one-half; while the adhesion of the locomotive 
engines being doubled with the addition of no more than a sixth 
to their weight, an imjiortant aaWng would thus bo effected tu 
the dead weighta of the trains. The Cfst of tnictioo, which 
must in tAkiog a given (grosii) load to a ^veu height be nearly 
the same, would nr>t increase so much in consequence of tfae 
aartog of dead weight thus effected; and other expenses wonld 
decrease to seme extent lu proportion to the wear and tear and 
resistances incidental to a higher, but airoided at a lower, velocity. 

A summit line may for these ressons be made with greater 
facility, in less time, and to greater advantage, than heretufnre; 
and it will be interesting, Uhmg the Moot Cenis as an example, 
to compare the cost of the tunnel line now in courseof construction 
under that mountain with a pormAQent line which might be 
made over it The comparison is not made here with a view to 
that particular case, because it may now be takeu for grautetl 
that the pennancot tunnel line will be completed within a oertaiu 
Dnmber of yenra, and because the summit lino projected by 
Messrs. Braasey & Co. is only put forward aa a temporary line, 
to be used pending the opening of the permanent line from St. 
Michel to Susa; but as being important with roferenoo to other 
mountain passes In the Alps and elsewhere. 

The temporary line is estimated (by Mr. Brnntees, O.E.) to cost 
8,000,000 francs, or £320,(H)0, or about /6720 per luile; whereas 
the tunnel line will probably oost, including interest, at 6 per 
cent, during construction, £l3fi,000,000 of fi-anes, or £r>,400.U00, or 
£126,000 per mile, the latter being 68 kilometres (42 miles) iu 
length, with a maximum gradient of 1 in 2K and a gradient 
through half of the grand tunnel of 1 in 35|, and an nvcrngo 
gradient for the whole of 1 in 46; and the former being 77 
kilometres (about 48 miles) in length, with a maximum gradient 
of 1 in 12, and an extra elevation of 2.'>2(> feet; and the Ume 
occupied between St Michel and >^usa would, iuclodiugstoppages. 
be about 3 hours by the tunnel and 4^ hourv by the summit. 

The oost of ft permftueut and indcpondent summit line, with a 
wilier gauge and better curves, may be taken at £20,000 a mile, 
or nearly three times as uocb as the abovs temporary line; and 
the extra cost of working orer a saper^levatioo of S520 (est, 
based upon a traffic ten times as great as that whieh is carried at 
present over the Moot Cenis, and upon the averftge cost of 
traction (0*25 of a franc or 2^d. per horsepower per hour) upon 
the Semmcring and Oiuvi Inclines, capitalized at 6 per cent, at 
£|.1,0(^) per mile. These two sums nJded together amount tit 
£33,000 per mile, or rather more than one-fourth of £128,500 per 
mile set down above for the tunnel line. 

This estimate would, of course, be materially mmli^ed by local 
oircum stances, but it is as good an illustration* as can be given at 
present of the advantage that may be derived, in cases in whieh 
stAtionary engines and inclines worked by ropes are not appro- 
priate, from constructing railways on steeper gradiente than have 
hitherto bcvu considered practicable, in the manner which Mr, 
Fell has now shown to bo available. 

As the reenlte of his observations and experiments. Captain 
Tyler reporte in conclusion, that this scheme for crossing ibe 
Moot Cenis is, in his opinion, practicable, both mechanically and 
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cxtinmcmallj, aud tliKt the passaf^e nf tb« mountain may thus be 
efTeoted, not outy with greater 8pe«^l, oarUiinty, and couvenienctf, 
hut alao with greater aanty than atxter the presentarrangenieuta. 
Few would, in the first instance, either contemplate or witness 
experimeiitB upon auch steep gnidieDta, antl round such sharp 
curveii on tho raonataiD nide. without a fe«Iiii(( that mnch e:(t.ra 
riik most be iiicnrred, and that the conse<incticea of a rractnred 
coupling, nr a broken tyre, or a vehicle leaving ihe rails, would 
on <inch a line be oonudenihly a"gmvate<l. 

But there is an element of safety in thid ayatem of locomotive 
working which no other railway posseaaes. The middle rail not 
■ uilv serves to enable the engine to surmonnt, and to draw ite 
train up these gradientn, but it also affords a meau^i of applyini; 
any nsquirci amount of e^ttra break-power for checking the speed, 
or fur stopping any detached vehicles during the deiicent; and it 
farther acU*. by the aae of horizontal guiding wheels on the ditfe- 
reiit vehicles, as a most perfect safeguard, to prevent engines. 
CiitriagFn, or waggons from leaving the rails, iu cdnsequenoe 
either of defecta In the hearing mils or of failure iu any part of 
Ihe rolling stock. The safest pt^rtiona of the propo?eil railway 
onght indeed, nnder proper management, to be those on which, 
Ihe gnidienta being steeper than 1 in 25, the middle mil will be 
eiui>loye<J. 

There is no difficulty in so applying and securing that middle 
rail, and making^ it virtually one continuous bar, as to preclade 
the iKMsibility of accident from its wertkneas or from the fiilui'c 
of it» fastenings, and the only (luestimi u> my niitiil if, wheiber 
it would not he desirable still further lo extend it^ nppliiviiion to 
gradients less steep than 1 iu 2d. It would apparently be odvAD- 
tageooa to do sn, not only for the sake of obtaining increaaed 
^ j|ilheRi<»n with leas pro]Hirtir>nnl weight, and tharefora economical 
iracltnn, but also with a. view to greater secarity, especially on 
curved portions of the line. 

After ^'ling with Mr. Fell through the different cnlculationa 
and conaiileratioiie whieli are involvwl iu the undertaking, Capt. 
Tyler finds that he has, during three yearn of labour, treated 
tliem witli the utmost enro and caution; and has no doubt of liia 
being able (if Mr. Fell obtiuns, n.« he hopes to do iu the course of 
.1 I'uw weeks, (he necessary authority from the French Govern- 
ment) lo carrr it fiirward t'> a succesuful issue. It is nnticiijated 
that in the course of the Hummer of lS6fi, in time for the autumnal 
stream of traveilera into Italy, Mont Cenia will be traversed by 
rail iu 4^ hours, or even less, fri>m St. Michel to Susk, now a 
U-dions diligence journey, on wheels or sledge, according to 
season, lasting more than double that time. 



AXGLO-IWDTAN ARCHITECTUKE. 
By Major J. G. Mkdlet, R.E. 

Thb revival of architectural taste which has sprang up within 
the last twenty years in England, is slowly but gradually sprettd- 
iog to Tndin, and within tiie last few years more than one hand- 
some ehiircb, railway station, or other public building has been 
•rected, which would do no diacrclit to any Kuropean capital. 
This improvement has certainly not come bofonj it was wanted. 
Until very lately we did not khiue in designing public or private 
baildiugs at home; witnoas the heterogeneous rows of suburban 
villas in the neighbourhood of London, or the unmitigated 
monotony and ngtine<w nf many of onr modern streets. But we 
certainly surpassed oumelveH in India, and succeeded ia inventing 
a st,vle of bnilJing. (irreverently known aa the Military L^nl 
style,) which for ugliness beat everything that ever was cou- 
Ktmcleil ity man. 

Who does not know the sense of deanJaiion that cronies over 
one at first sight of some of our Indian canloiimeuts; the straight 
and dusty ntads. th*^ rowM of glnring white rectangular barracks, 
the bani-liko church, differini; otdyfrora a bamick in thepi-eaence 
of a square tnwi'i- «ijd clatwical (') |K)rtiot>, the itomau (.'atholic 
chapel ditto, r>»dy smaller ami with bright green door* all round. 

Then the hoHse««, evidently built atUr the model of the barriicks, 
unless when the genius of the builder had displayed] itself in a 
profusion of bright crdours on the external walls, armnge<] in 
such startling contrast that ths ditk hurst's were very apt tu sbr 
atnnasiugiL 

If we go inniile* matters are not mnch better. Uigli bare 
white-wnshed walls, a haru-llke roof, with pei-haps a rlirty ceiling 
oloth shaking in the wind, a dilapidate<l plaster floor, and square 



holes cufc in the wail doinff doty aa doors and windows. One 
exception alone is there to utis puritanical simplicity, in the fire-j 
place, which is evidently an offspring of the genius of the nativi 
mason, and consists of a gniteaque mass of ornamenta, whic" 
would perhaps be more effective if uublackened by the srook 
from the i I l-cnn struct ed chimney. 

Tho genetal reason assicned for sncb a state of things ia — 1st, 
The requiremenu of tho climate; 2nd, The neoessity of economy. , 
But the cogency of eitiier argiuneot must lie altogether denicatfj 
There can he no doubt that a thoroughly airy and well-ventilate ~ 
bnildioff may be naade just as oro.amental as one which is adapte 
for a cold climate only; aud that ■ small amonnt of money es 
pended in judicious ornamentation will scarcely affect the tota 
cost of the building. The real reason has been undoubtedly] 
want of taste and knowledge; and now tlmt anch deficiencies are 
beginning to diaappear, it in hoped and believed time the bev in- 
ning of an improved state of things has arrived. It must I think 
be allowed that tlie true principles of «rchitectnnil construction for 
buildings in the hl/uity which \te to be uHe<l by men habituated toj 
au entirely different climate, have not as yet hcen iliscovered; : 
moaqnc for instance has a plensniit toniperntnro botli in wiiit 
and summer, while a Gothic church in India ia as a rale either 
very hot or very cold. I do not aay titat Gothic churches are 
unsuitable to India, but only that they are so as we now buitti 
them. !n the same way, ninoy of onr houses with Infty rooms, 
nnmeroos opeohiga and thin waIIa, nre far less cool and pleusaiiE 
tfana native honses, low and haJly ventilated as they are. with 
thick walls and few doorwnya. 1 do not say that we otight lo 
live in native houses, but simply that we have not as yet hit 
upiiH the right way of constructing onr own. 

Treating of architecture aa dii^iinct from mere building, it la 
an an, not a science, and therefore doea not fall under exact ruL 
of instruction; one consequence of which ia, that while engine 
inc aiUdDces and improves, architecture stonds still and &^pies; 
^Ve m.ike better roads and bridal's now than in the l.'»th century, 
but we have hardly got beyouil copying their churches; and until ' 
there is n reformation in this rL-spect, it is hopeless to expect^ 
that we shall have an architectnre adapted to the peculiar^ 
eircunis'alievs of Aii;,'W-India. It is not intended here to pn>»T 
pound noy original ideas on the subject of Au^do-Indiao buildiogiiJ 
lay or ecclesiastical, but merely to otler a few hints tor improve*] 
ment in toatters of detail which may be useful to those called' 
upon to ilesigQ aud erect buildings iu India. 

First, as to the style of our dwellings tn the Upper Provinoea. 
As aboTv hiote^l, it is dmihted whether the preaent style is not i 
rai'Ucally unsuitable to tho climate. In a hot and damp country, ' 
especially if ncai* the sea coast, numerous doora are certainly 
reunircd by which the cool hreeies may sweep through the house, 
and hence verandahs are ntoessary to shade the doors from the 
direct glare of the sun. But where, as in Upper India, it ia 
necessary during the fierce dry heat of April, May, and Jan^ to 
exelode the hot air altogether by night aa w«lt as by day, tbe 
fewer doors there are the better, and ventilation should be 
secured through the roof. In the mid weather, the paucity of 
doors would add ranch to the comfort of the house, and veran- 
dahs might perhaps be altogether diHpentted with. The tbial 
wnlls which now get so thorou^dily hake<.l that they continue tO] 
radiate heat by night and day fot- mouths together, slmuld boi 
made twice their present thickness, or better still, might bo 
double. Upper storied buildings are perhaps more suitnble to 
Lower than Upper India, unless the upper rooms are useii solely 
as dormitories, but con sidera Lions i>f expiMisc will gcuLTalty bnr 
their adoption. Iu many jmrte of the country iwrhaps the old 
Eastern style of bujldini;, round an open quadrangle iu tbe cen- 
ti-e, might be adopued with advHUtnKe. This open court paved 
with niarhle nr stone, filled with fragrant sht-utis, and with % 
fountain and tank in the centre, is characteristic of moat of the 
dwellings of tbe wealthy throughout Syria and other Eastern 
connlries, and is indeeil cminion enough in native booses iaj 
India. Perha|)s soiue one will work the idea into a taugibls 
shaiie. 

Next let us protest against the indiscriminate nse of plaster, 
so generally applied to bnildiogs of .-ill kinds in India. In most 
cases it is simply unpd to conceal )>ad masonry, and every . 
plastered building looks shabby in a few months after beiDjf'| 
constructed. It is expeiiuive, and adds no strength to the work.C 
Brick nia»oiiry if well executed has a beauty tf its own, ao4J 
with well-iusile bricka, well bomleil, and with fine joints, tber« , 
cau be no meaning whatever In hiding the material. Some 



AMf. 1, IIO] 



THE CIVIL ENGINEER AND ARCHITEd'S JOURNAL. 



«xcell«nl specimena of brick miwonry have been Ifttoly erected tn 
Upper India, bat improvement in required in the monnfaoUire of 
bricks before this kind of work can be exwmted to the beet 
advnnUij^ otherwise the dreaaing and chipping of the snrfttce 
entails roach Ubonr, i»nii removes the outer skin of the brick, 
which is the most dumble part and in best fitted for resisting 
atmospheric effects. The use of the puff-niill, n careful choice or 
mixture of earth, nud perhaps the enipTovtneut of machinery in 
UiouUHng, wouhl ensure the reipiisite degree of exoelleoce. Bj 
the employment of colourfil bricks in tfie ext<>Hor monhlings 
rerv good ornamental ettects niipht it is believed be produced. 
Plaster mnst still be nse<l for the interior surfaces of walls, and 
where the best kinils of liine plaiiter cnn be alfurdcd, perhnps no 
better material can be wished than the smooth polished aurfat-e 
tlirn-bv produced. But if inferior plaster We used, why daub it 
invariably with th« litsr whitewash, which comes nlf on the 
clotfaeH. Mid produers n most wretched and shabby effect? Wher- 
■v«r chalk can be obtained, it is little dearer than lime, looks 
mb better, does not whiten your cnat evoi-y time you lean 
■p^st the wall, and take < the otnmon culouring matters well. 
Of these the neila tutya [sulphate of copper), the peoree, toorvJtk, 
and MooUanee muttee, are well known in Upper India; and good 
shades of bine or green, yellow, red, and ban, are prodnced from 
them; but lot them be mixed with chnik, not lime, as is usually 
done, and use a sizing of glue or rice-water- There is a popular 
but ill-fouoded objection against the use of paper for walls. In 
a damp climate like Bengal it woald not do, bat in the dry 
Upper Provincea there is no reason whatever for not employing 
it. 

Will somebody invent a new material for roofs in Indiat Slates 
we have, not, except in one or two ont-of-the-way localities. 
Galvanized iron we cannot get. Tiles get broken, and look ngly, 
«od are leuky. Tlie ordinary flat terrace roof leaks also, Ana U 
WBry heavy. A trussed roof with a very alight pitch (say 10"), 
and covered with flat bricks and lime terrace is about the best wo 
know, but is very far from being what it should be. 

Bat our floors are worse. K lime floor looks very well when 
just finished, aud for a private house answers its purpose fairly; 
but fcr a bailding like a barrack it is soon cot up, is unhealthy, 
(the dusty particles flying about engender opthalmia,) and impos- 
sible to repair uatiufactcrily. A plank floor is expensive, perish- 
abla, and warps from the extreme changes of the climate. The 
bast floors hitherto mode are those of flat brick or hrick-on-edge. 
Bat why shonld not this methoii be improved upon in public 
and private buildings) Excellent coloured and glazed tiles are 
mode in the Punjab and other parts of India, and hexagonal or 
diamond shaped flooring tiles of while and bine or black look 
very well, aud ought, if propcrlv mode, to wear well. The glaze 
is objectionable as making the fioor slippery, and apt to chip or 
wear off, but why should we not use the unglaze*! encaustic tile, 
DOW employed no largely in England fay Miutou and other ninnu- 
Cicturers? No better floor could be devised for a private house 
in Ibe hot weather than one of coloured tiles, laid in an orua- 
taeutal pattern, and which would enable us to dispense with 
carpHt or maltiDg. I have little doubt that, if a manuf^icfure 
were started on a line of railway, the speculation would pay 
excellently; and I would reoommend the idea to Government for 
the new public oftices at Calcutta, Albhabnd, and elsewhere. I 
believe the r^qnlntt^ materials exist in plenty throughout India, 
and nothing u wanted but the requisite skifl and capital. One 
other material may be named for floors, viz., gypsum, or plaster 
of Paris (nnlphate of lime\ which abounds in some parts of 
India, as fur instance, the Duhrn Dof^n. It is excellently a<lapto<) 
for floon, cornices, atid other interior p&rts of buildings, and is 
caMble of being made into highly uraameutal forms. 

Fire-plaoes and chimney-pieces must be left to the taste of the 
boilder. The exceedingly ugly square upper windows may he 
repUoed by circnlar ones, esneoially if the doors have circular 
baUgbta above them. For ooth doors and windows coloured 
glais may b« used with great advantaee to the comfort uf the 
room, and the diapHane, or imitation stamed gloss, is both econo- 
mical and pretty. 

Punkahs may b« decidedly improved. Tlie kind generally 
known as the Bombay punkah, consisting of a single bar of 
woo«! with a heavy deep fringe, is <lecidpdly superior to the 
abominable whltc-washc<I rcclanglt; which iuvaiiably diafigurcs 
every room in Upper India. But if the latior shape is preferred 
as giving more iiir, at least let it l>e coloured or covered with 
OTDamental paper; let the fringe he of good material aud colour, 



and, above all, clean; and let the ugly thick white cotton ropes be 
replaced by thin colonrcd con! ur wire. 

Enough has boon said for the present, orwemiijhtstill declaim 
against mud walls of compounds, ngly rows of oafc*honse8, 
hideously orn.imental gateways, ic. But as it is to be hopetl a 
more renned taste is in progress, it may be sufficient to ut^ the 
subject on the attention of those whom it may concern. 



THE WROUGHT-IRON HOAD BRIDGES OF THE 

CHARING CROSS RAILWAY. 

By M. Pabkbs, 

( With nn Eft^rarinff.) 

Bbporb proceeding to the immediate subject of the paper, tt is 
thought a brief sketch of the line in t^eneral will not be out of 
plnce. Tt is therefore intended tn describe the nature of ihe 
ciMiKtructioiis, commencing at the Charing-crues end of the line. 

The line, nu leaving the Charing-cross station, crosses the 
Thames on an iron bridge of nine spnns, six of them 154 ft, and 
the remaining three tOO ft* Commencing at the north end, the 
supporting works are as follows: — 

Morth abutment of brickwork, with atone beds for ginlers; 
lir«t pier consists of nine cast-iron cyliDdcrs 10 ft. in diameter nt 
bottom, diminishing to S ft. and G ft diameter io the case of the 
two outjside and seven inside cylinders resppciively. These 
cylinders are merely filled with concrete up tii 6 ft, above Trinity 
high-water mark ; the lower edge of cylinders being about C ft. 
in the London clay, and are surmounted by a cast-iron bed-plate 
18 in, deep. Second pier: this is similar to the preceding, 
excepting that there are only five inside cylinders. 1'hird pier: 
north tower of snspensiou bridt|:c altered. Fourth, tlfth, and 
sixth piers each consist of two ca»i-iron cylinders, 14 ft. diameter 
at hottoiu, reduced bya diminishing ring to 10 ft. diameter at low 
water ; the lower edge of thecytlndera being from 15 ft. to 20 ft. 
in the London clay. The cylinders are filled with concrete np 
to ft below low-water, the remainder being brickwork, finally 
surmounted by granite blocks, 2 ft. 6 iu. deep, in semicircles. 
Seventh pier: south tower of suspension bridge altered. 
Eighth pier, the same as fourth, fifth, and sixth. South abut- 
ment, of brickwork with stone quoins and cornice, bed atones for 
girders of gmnite 2 ft. 6 in. deep. 

The bridge is 4fl fK 4 iu. wide in the clear, from the south 
abutment lo the third pier ; it then widens out, till, at the north 
abutment, it is 1G4 ft wide. The six 154 ft. spoDs constitute 
the "parallel section" of the bridge, and the three 100 ft. the 
" fan section." Each of the 154 ft. spans consists, mainly, of two 
trusses, 1 1 fY. 6 In. deep centre to centre of pins, and each weigh- 
ing 190 tons, and of fifteen lattice cross girdersi, 4 fl. deep at 
centre, and each weighing SJ tons. Each of the 100 ft. spans 
consists of two light trusses, so as to preserve an uoiform sky 
line, aud ten, seventeen, or twenty-fuur girders of S ft. deep, 
according to the position of the span. The weight of the trusses 
is 40 tons each, and of each of the 5 ft. girders 27 tont. This 
section of the bridge is covered over with 6 in. planking. There 
is a footpath on either aide of the bridge, which is carried on 
lattice cantilevers riveted to the cross girders on the 1S4 ft. 
spans, and to the cross girders connecting the exterior shallow 
girders with light trusses on the 100 ft spans. This bridge has 
four lines of way between the soatherc abutment and the 
third pier. 

From the south bank of Thames to Belvedere-road, the line is 
oarried on ten brick arches, .10 ft span. On plan, this section of 
brickwork is ofn fan shape, being wide enough between parapets 
at the river-ond to accommodate coke-stand, water-tank and 
crane, and turntable, beaidi*s four lines of way ; at the Belvedere- 
rond end, there is something to spare over the nsusl aliowanoe 
for three linea These arches, which are formoil nf five rings, 
have a rise of 7 ft. The piers, from which two adjoitiiug arches 
spring, are 4 ft wide, and pieroed with one or more 10 ft jack- 
arohev, according to the length. The parapet walls are 5 ft 9 in. 
high above stnng-conrses, 14 in. thick, and surmounted by a 
oope-stone 16 in. by 5 in. 

The Belvedere-toad is crossed by an iron bridge, consisting of 
six iuner working girders, and two face girders with a light 
parapet riveted to upper flange; the span is 46 ft. and the depth 
of the girders ■'. ft. ii]. 

Front Balvedere-rtiad to SuUon-strwt, there ars four 30 ft 

■ TIm Lridcc abnre ntnrti to, wUciTuh "Cbsrtu Cnm BcMn,'* *w Dlutnteil 

Md dcaeribMf ia UiU Joarnal. rol. xt*U. (1844). |<. Sl», HT, u*i V». 
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ftrches, nnd, cxoeptiog that the clear width between panipeU is 
3A fL £i iD^ they are similar to those previoasl; described, and to 
all other 30 ft. arches OD the line. 

SatioD-stre«t ia crossed at an angle of in dega. by an iron 
bridge, cansiatiag of two maio box girdera, 7 ft. 8 in. deep ar. 
centre, having cro»s girdera 2 ft. deep, riveted to their bottom 
flangea, for fnrminjc; pliitform of bridge. 

The lino is then carried on two 30 ft. archer til! it n'oehes the 
Vork-road, which in crouc^l, at k slight auglt, hy a bridge cdd- 
sisting of two single web girders, 7 f L in. deep, 70 ft. span — 
cnMs girders, 16 in. deep, being riveted to their lower 6augc». 

The line then proceedn iu a curved direction, on seven 30 ft. 
arches, till Vine-sircet ia reached, which is croaaed by a bridge 
■Imllar to that over Belvedere- road, excepting that the span ou 
■kew is 51 ft. Between Vine-street and Waterloo-road there is 
a triangular abutment, pierc«Kl with & 10 ft. arch. The a|>ex of 
the triangle is at the junction of the road and street, and the 
walla, which form the legs, are providetl with stone girder beds 
for the two bridges reepectirelj. A box girder bridge, nimilar 
to that over Sutton-street, crosses the Waterloo- mad at nu angle 
of 60 dogs. The span on skew 110 ft, the depth of girders at 
oenti« being 11 ft. 8 in., aud the clear widtli of the bridge ta 
40 fi. 6 in., to allow for cur\'e of Hue. Between Waterloo-road 
and Johu-fltreet there is a triangular abutmeul> similar to that 
just mentione<], excepting thnt the angl« at apex ia made more 
obtuse. The bridge over Jolui-street crDSses it at so great a 
skew, that no cross girder is connected to both main ginlera. 
Theee main ginlers aresimilarto those at York-road; ihelengths 
over all are 96 ft, 4 in. and 80 ft. 6 in. respectively, with a central 
depth, in each case, of 7 ft. A little beyond Jolm-Btreet bridge, 
there ia a short branch connecting the Charing cross with tbe 
Loudon and South-Western Itailway. Tbe branch compri»eB 
two 30 ft. arches, and an iron bridge crowing the Waterloo-road 
about 200 ft. from the main line bridge. There is only width for 
two lities on thiH branch. The wruuglit-truu bridge Is 77 ft. span, 
and conjiiatA of two main girders, similar to York-road, 6 ft. in, 
deep at centre; cross girffeni, 16 in. deep, are riveted to bottom 
flanges. 

Kstumtng to the main line, from Jobn-alreet the line is carried 
over six 30 ft. arches till it reaches Corn wall -road, which is 
spanned by a 40 ft. brick arch of six rings: thence there is a 
series of twenty-two ."iH ft. arches, terminating at Brondwall, over 
which the line ia carrioil by an iron bridge similtir to Belvcdcrc- 
mnd. The span of this bridge U 41 ft., and the depth of girders 
2 ft. 6 In. 

From Broadwnll the line is carried on ten 30 ft. nrchea to the 
Blackfrisra-road, where there i<i a box (jirder bridge of 100 ft, 
span. Between this bridge and the Sxuthwark Bridge-road, 
which is the site of the next iron bridge there is a section of 
brick viiwinct, conBisling of 6fty-two 30 ft. arohea. The iron 
bridge is of the bnx type, and it niniilar to the others, excepting 
iu the nnequnl lengths of the main girders; 136 ft. and 83ft.being 
the respective ieugllis. The line Is llieii continued bpr eleven 30 ft. 
arches to Sontliwark-streel, the junction of tbe City extension. 
Fiom Belv«lere-ro»d to this point there are three lines of wny; 
at Blackfriara-rusd, on tlie London Briilge side, the brick oon- 
stnictions are ext«tuU-d laterally for station nccomuodntiou. 

Retuniinf(*n Sonthwark street, this is spanned by a bridge of 
two bowstring ginlers, 150 ft. long, and pl.iced ("ifl ft. R|)«rt, 
lietween flange<i. Cross ginlers are riveted and bolted to the 
under side <^f "tie" for reeeivjug roadway plates and pernmnent 
way. The abutment at the Ohariug-cruss end i>f bridge is pieix-ed 
by a :tt> ft. arch, which spans lUKlcross-street; the other abut- 
nent is spanned by two 10 ft. arches. 

From South nil rk-sLre el tu York-street included there are onlj 
two lines. This purtian of tbe main line may be divided into 
three aectione, aa lolbiws: — 

First Kctinnfrom Southwark-street to Counter-street, ooosist- 
ing of nine 30 ft. arches; second aection, which Is an iron viaduct 
carried on tifteeucnst-irou columns through the Borough Market; 
ami the third section, a bridge over York-street, consisting of four 
inner and two face girderH, varying iu length from 44 ft. to 47 ft., 
and 3 ft. deep; iiarnpet 6 ft. high, of sheet imn. 

Adjoining York-street bridge, at the eastern end, is another 
viaduct throiii;h the iioi-ongh Market. This viAduot, the ^ite of 
the Blnatern Juuctiou of the City Extension, is in three spans of 
40 ft., the supporting works consisting of two brirk abtitmenta, 
Hudtwopivra ulliveandfouroolumnsrespcctivolv. Theaecolnmns 
M/vauroioauted by a box girder, which forms a bed for the longi- 



tudinal girdera, sa will be explained in a aubReqaent part of 
the paper. The line, on leaving the viaduct just referred to, 
passea on a small piece of brick viiulnct, consisting of one fiO ft., 
one la ft. and one 10 ft. arch, to Wellington-street, which it erowea 
by an iron bridge. This bridge is of the single woh ty|>e, i 18 ft. 
span on skew, and 30 ft. ti in. clear width, to allow for the ciirr» 
of line, which is here 10 chains. 

Between WcUiogton-atreet and the South-flastem incline is 
St. Thomas's viaduct^ fanned by one 30 ft. arch, and a V-sbaped 
opening on either side, sjiannerl by wrougbt-irou girders. Tba 
incline ia crossed by a wroujthl-iron box girder bridge ; the main 
ginlens, elliptical in shape, are 207 ft. and l"fi ft long reapeo-^^ 
tively. In thia bridge the main girders are not parallel withaac^^H 
other, being 44 ft. 4 in. I>etweeii flangeti at the Unke-atreet end^^| 
and 38 ft. at the St. Thomas's end. The curve of line on thia 
bridge is about the same as on Wellington Rireet. Between tbe 
bridge over the incline and the laat wniught-iroo bridge on the 
line — namely, that over Joiner-streei — there is a short Reetiuu of 
brick viodact, also on a carve, and ecimpriiiiug one ^ ft. and fcmr 
25 ft. archea. As previoasly stated, the Joiner-ntreet brid|^ is 
situated at the opposite end of this viaduct to the incline bridge, 
and, like it, comtisls of two ninin girders of uue((nal length, and 
not parallel with each uthrr. The main girders are of the single 
web type, and 70 ft. and Hi ft long reapectively: the depth of u\e 
girdera iti Q ft. 6 in. ; the top chord is parnllet to the bottom, anU 
has a sheet-iron screen, S ft. high, riveted to it. On orosung thia 
bridge, tbe downdine jilntform of the London Bridge Station la 
reached, a point at which the works may be regarded more aa a 
lateral extension of the South Easlern works, than tudcpendenl 
slruclnres; it Is therefore not thought neoeasaiy to conlione thia 
introductory sketch any further, hut tu pass on to the detAilad 
doacripliuns of the wrought-iron structures. 

La writing this paper, the object of the author ii aimply U> 
make known the proportions of existing works; as they are 
established facts fultilling certain cnnditiuns, which enablea a 
comparison of them to 1>« made with any intended slnicture, in 
accordance with the principles of the mechanism of bridge oon- 
struction. 

In all the bridgee on this line, a clear roadway the full widtii 
of the bridge has been secured. Excepting the Borough -market 
viaduct, tlua hna been obtained by the two following melboda: 
Ist In the case of spans up to, say .50 ft. by placing shallow 
girdera immediately under the rails for the working girders; the 
iwu face girtlerrf, which have riveted to their upper dangea a 
sheet-inn parapet, bt-ing of lighter section. Plate 35, Figs. 1, a, 
3, 4 and a, ia an ilhmtration of this type of hritlge. 2ud. In the 
case of larger spans, tbe roadway has twen formed by attaching 
cross girders to two main girders, aa rIiowd in Tlale 25, Fig8. 6 

tola. 

Tlie following sre the throe aysteme of roail-plating employed: 
1st. For the small Rpans, wrooghi-iron .irch-plates, i in. thick, 
are riveted to the top flanges of the girdera. I'late 2A, Fi^. 1. 
2nd. For the larger spaus, when the line is straiglit, longitudinal 
plalea 16 in. X i in., centred with the rails, extend from end to 
end of bridge : they are riveted to the cross girders ; then, arch- 
plates, i in. thick, are riveted to their sidep. Angle-irons, 
3^ Xii X S are subetltuted for the longitudinal plates at tb« 
sides of the bridge. Plate £5, Fig. 13. 3rd. For the pro- 
ceding case, when the line corves, the cross girder him riveted to 
its upper flange a ^ in. plate, 5 in. wider tlmn flange, and centred 
with it. The space between two croea girders ia then flllsd io 
with flat plates, i in. thick, riveted to plates on upper flanges of 
cross giniera. Plate 2.% Figs. 6 and K. 

There have been three types of structure employed, Dtinelj, 
the single web girder, the box ginler, Mud the bowstring gird«r. 
To avoid tedious repetition, the bridges of each type have been 
claBSed, and the details fur the bridgee of the same claaa given 
coDiiecutivpJy. 

The first bridges that have been classed together are, Belve- 
dere-road, Viner-Bireet, York-atreet, and Broadwall. The apaos 
and depths of girders are aa follows: — 

Belvedere-road ... 16 ft, span, 3 ft. 6 in. deep. 
Vine-street .... 61 „ 3 6 » 

York-street .... 37 „ 3 „ 

Broadwall .... 41 „ 3 6 „ 

These bridges being so similar, it is thought sofficient 
describe two only—namely, Viue-atreot and Broadwall 

KiTUHttr«et. — Tbis bridge accommodates throe lines of way, a^ 
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eoosisti of BIX working and two face girders. In Plato 1, Fi^. 1 
iB a balf-Mctiou of a bridge, 41 fL »i»m; llg. 2 in a hair-flevatioD 
of a faco girtJor; Fig. 3 ia a half-cluvation of a workiDg girder; 
aud Fi^ 4 and 5 are pUDs uf c&ds of a workiug and a face girder 
mpecUvely. The dimeasioDa of the working girders are as 
iftUows: — ^Top Qauge^ twu platus ^^ in. thick, 30 iu. aud L6 iu. 
vide: the former ia appormoBt, aud is prepared lo receive t)io 
roadway pUtes; bottom flange, 16 in. wide by j in. thick; web, 
^ in. thick, ititfeued br having the vertical joiDts connected by 
two T >t^"*i 5 lU.X^^ in.X^ io, Biveta \ in. diHineter, and 
4 io. pitcb. Each flange ia connected to the web by two angle- 
iroDS 4 in.X4 in.X^iu. Al each end there ia a bearing- pi ate, 

2 ft B it].X2 ftx| in., pierced with oblong liolea to suit four 
Lewis's bolts 1 in. diameter. 

For the face girdem, the fnllowing are the dimensioDB : Top 
flange, 11 in. wide by I in. thick, not centred with w«t>, but 1 iu. 
' oat: tliin i» to provide for atkii-Oiiug tbo roadway plates ; bottntn 
[ flange, 9 in. wide by | iu. thick; web, i in. thick, coaneoted to 
I each flange by two angle-imns, 4 tii.x4 in.x} ■"• The web* are 
•tiffened iu tlie same mHiiuer aa the working girders. The toad- 
way i« formed of arch plates, i in. thick, with a rise of about 

3 in., and riveted with ^ iu. rivets, 4 in. apnrt, to top tlnogea of 
I l^rdent. Ou the top flanges of the working girders toDgitndinal 

tJmbent, 16 in, wide by 6 in. and 9 in. thick, fur the lower and 
higher rait re9[iectively, are placed: each pair of timbers are 
fir&med together by a tranaooi >Lod 1 in. bolt every fl ft. The 
transoms are shown in Plate 1, Fig. 1. 

Fur forming the parapets, an nnglo-imo, 3 in.X3 in. ^S id., is 
rliveted to the tup l!auge» uf the fiioo girdcm, by the aaine rivets 
p "that Attach top flange to the 4x4 xi iuig]e-irou. To thia angle- 
iron, plates three-sixteenthii thick are riveted. Thoy are 6 ft. 
high, and nf such a width, lliat a vertical joint occurs over each 
padt of tee irons of the fsce ginlera, aud una )iM>tweeo any two 
[nun. The vertical joints are stiffened by a tee it*oii, 4x2x§ 
fiDside, and a strip 4 inX^in. ontside. The top rail is of iue 
iron, the eauie section as the vertical ouee. The rivets in road- 
way and lAnipet are the same. 

Tbi* clear width between parapets ia 3G ft. 4 in., which allowa 
for the curve of the line at this point. The weight of the 
et^ht girders ia 3B tons 14 cwt; and the whole weight of the 
bridge 60 tons 14 cwt. 

Broa/iirall. — Thia bridge also coiinists of six working and two 
face girders. The dinicuaions nro as follows: for working girders 
, —Top flange, 16 in. wide hy j in. thick, riveted to web by two 
RDgle-irouH, 4 in.X4 in.X j in., nnd pierced with holes for § rivets 
every 3 in. on each aide; bottwin flange, IU tu. wide by j in. thick, 
riveted to web by two angle-irons 4 in.x4 in.X^ in.; weh,^in. 
thick in seven sections, connected at vertical joints by two ifc 
irons, dX2(x3. At each end nf girder there is a bettriog-plate 
of the enme dimenflious as in V ine-Htreet bridge. For face girder 
— ^Top flsnge, 9 in. wide by |in. thick, not centred with web, to 
which it is connecteil by two angle-irons SXS't^. The webs are 
I the same m for working girden, and the pumpel similar to 
Vine-street. 

The girders in this bridge are braceil by a syatem of diagonal 
ban, 3 iu xif in., connected to girders by means of short pieces 
oft«e iron, riveted tn top and bottom of webs about « ft. 8 in. 
Apart. Tlie roatl-ptaiing ia »iimilar to that f»r Vine-street. In 
addition to the ordiuury an^lt^-iron cover, a atrip in nveted to the 
opposite aide of the girder. The Wflght of the six working 
girderB is 26f ton*; of the two face girdera, 4} tons; aud of tlic 
whole bridge, 4.> lous. 

The neat class of brid^je that it is intended to describe are 
those in which tb*> rmidway ia formed by crt.^sgii'dcrs ntlacbed to 
two main gir.ivrs of the single web type. There are five bridges 
of this cl»!t«— namely, York-road, John-street, Waterloo Branch, 
Wellington -street, ami Joiner-street The preceding ia the order 
it is intended to describe them iu. Plate 1, Figa. (J to 10, ia an 
illuitratiun of n bridge of thia type, 1 18 ft. span. Fig. 6 is a half 
tnuiBverse aeetion of the bridge to a 3 io. scale; Fig. 7, an eleva- 
tion of one nf the main girders to a ^ in. scale; Fig. 10, nu eleva- 
tion of end of main girdvr to a 1^ iu. scale; Fig. 9, an end eleva- 
tion of main ginler to the same flCale; and Fig ti, a transrene 
aeetion of groiM girder to a 3 in. scale. 

York Rwid Bni/ffi-.— Main girders^ 82 ft 3 io, and 80 ft 3 in. 

lung; tlivj' are similnr in other respevta, and of the folluwuig 

' dlmenj»i<ins: Depth at centre; 7 ft. 6 in., at ends, ft.; top flange, 

k S ft. it in. wide, cnnaiais of four ^ plates at centre, reuaoed to 

• three plates at ends; bottom flange, i ft wide, consists of one j 



and three ^ plates at centre, reduced at ends to one | and two f. 
Both flanges are connected to web by means of two angle-irons^ 
6x6x|. The two web plates at either end are 2 ft. and 2 ft. 4iD. 
wide, and the remainder 3 ft wide. Five plates at either end 
are \, aud the remainder \ thick; the vertical joints are connected 
by two tee iron gusarta, 6 in.x3 in.xf in., except at tbe end 
joints, where four angle-irons, 3x3 X §, and two \ in. gusset-platei 
are substituted for tlio tee irons. Kiveting, ul vertical, 1 in. 
diameter; all utherg, | diameter. 

Croe^ Girders. — Those connected to both main girders— the 
bridge being ou a skew — are :i9 ft. lou|{ by 16 in. deep; they are 
all placed 3 ft. centre to ceutre. Each flange is 16 in. wide by | 
in. thick, connected to web, i tldck, by two angle-irons, C in.X 

3 in.x§ in. The web is divided by vertical T irons into foor 
panels. The mad plating is on the second system, as shown in 
Plate 1, n^. 13. One cud of each main girder rests on eight 
rollers, 4j m. diameter. Tbo weight of the two main girders is 
49 tons 16 cwt, and the whole weight of bridge is 141 tons 
13 cwt 

John-ttreet. — As previously stated, this bridge is on a great 
skew, the bridge on pinn being of a lozenge ahape. The main 
ginlera are S>6 It 4 in. and 6'J fL Gin. long respectively; the depth 
at centre 7 ft.; at ends 6 ft. Buih flanges are 2 ft wide; the top 
id built up of foor nine-sixteenths pFates at centre, rednoed to 
three plates at ende; the b«>ttom is built up of one eleven-six- 
teeuiha aod three uine-sixtcenihs pLites at centre, reduced to 
one nine-sixteentlia plate less at ends. The cud web plates araS ft. 

4 in. wide, aud the remainder 3 ft. Five plates at either end are 
9, and the remainder i thick. The vertical joints ar*- connecteil 
by T iroua, the tuime ns York-road bridge, and the horiKontal by 
nngle-inma, 6 in.xti in.x| in. The crowi girders are all 2 ft. 
de«>p, but varying in aectinii tn nuit tbe length: tbev are placed 
4 ft apart, centre to ct-ntrv, ntid the sf>acea between tnem filled in 
with road-plating, ou the tUiiil ayflt4!>m nhown in Figs. 6 aud 
&. Rollers are provided at oij-* end of ench main girder» as 
in York-road bridge. The wei;.'ht8 of the lunger and shorter 
main girders are S4 tons 13 cwi. und 23 tons 3 cwt. ; of the cross 
girdera, Tj^tons; and tbe total weight of bridge. 124 tousT cwt. 

Waterloo Branch ^r«/jp!,— This is for two lines only; the lengths 
of main girdenj are b6 H. and b\ ft.; the depths at centre and 
euds, 6 ft. 6 in. aud ft. 3 in. Flanges % fL wide, the bottom 
built up of one j and three % plates at centre, and one ) and two 
f plates at end; the top daogeis beili up offoar^ plates at centre, 
reduced to three at ends. Twoanffle-iro&s, 6X6X(. connect ccich 
flnuge to webs, wliiob are di8p<«ed in the same way as in York- 
road bridge. The cross girders ure placed 4 ft. apart centre to 
centre; they are 16 in. deep, and cOnniat of a ^ web with two 
uugleiroua, 4X4XJ[i riveted top aud bultom for flanges. The 
length of the ginler is divided into three panels by vertical X 
irou9. The ro.-Mlwity ia of the secooil system. Plate 29, Fig. 13. 

Under one ei«l of each mniii girdtrr, yight rollers, 4| iu. diii' 
meter, nre placed; the upper and hwer plates for these to work 
between are cf caai-irou, 2 in. ihick; the frames are of wronght- 
iron, 3 in.X 1 in. The fixe.1 ends are provided witli beanng- 
platen | in. thick. The weight of the two main girders is 40| 
tona; of the eroas girders, 34 tons 10 cwt.; and of tbe whole 
bridge, 94 tons, 

WsUington-Mlrett Bridgt. — Thia is the largest single web girder 
bridge un the line, the length of tbe ginlers being 134 ft., 
and tbe span on skew 118 ft. The girders nre 1£U. deepat 
centre, and 9 ft. 6 in. at enda. 

Thu flanges are 2 ft. 6 in. wide, riveted with six rows of 1 ia. 
rivets. Tbe top flange is built up of five j| plates at centre, 
reduoed to throe at ends. In addition to the two angleMrons 
wlitch connect this flange to web, there arc two other of the 
same size, GxAX||* riveted to each edge. Plate 26, Fig. 6- Th« 
bottom flange is hnilt npof one |^ aud four i plates, reduced at 
eudg to one ^ and two f plates. On eadt aiile of the upper side 
of this flaoge a bar, 9 in.y|> is riveted. Thia ia ahowu 
in Kign. 6 and 10. Fig 10 shows the way the plates break 
joint The web-plates, with the escHpiiou of the end ones are 

2 ft. S iu. wide, the cud ont-a Wing '2 ft wiile, as ahown in Fig. 
Hi; S thick for a length of nine plates at oithur cud, aud flve- 
alxteeiiths for the remnining disisuce. 

Referring to Hga. 7, 0, an<l 10, it will be seen that a i plate ia 
rivuteil to tbe ends of the girdtra by means of anfflu-tron Kusseta, 

3 iu.x3 in.x| in.;a]so, that at the two end wob juinta | gusset 
pUiea nre riveted, with similar augle-irous. After the bridge 
ufkS erectetl, it was found ueceasari- to stiflTen the ends of the 
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girders b^ attaching revene AOj^le-iroui, 3x3xi) to the tuA and 
gOH0tp]atea The hileriiieiliat« vertical joints of web itrr> cijd- 
nected by two tee truu gusaeta, 6x3x8. and two strips, 6 X^, 
alternatdy. Thete strips, as sbowo ia Fig. 3, are cranked to Mt 
over the loogitudiaal aoffle-irons. 

Ono end of caolt gira«r was provided witli a bearing-plate, 
6 fix 4 ft. Xi; the other end had atLiched to it a catt-iron plate, 

2 in. thick, to bear OA eight roUera, 4^ in. diameter. The roller- 
bed:* are also of cast-iron, 2 in. thick, and further strengtheiiud by 
hanog three ribs 3 in. deep cast on; the roller fraiucit arc of 
wrought-iroo, 3 io.x 1 in. A Ioiigitudin»l aecUuu nf this roller 
arrangement ii shown in Fig. 10, and a transvene sectlou in 
Fig. 9. 

In Fig. 10, the lengths of ton and bottom angle covers arc 
showo by the number of riveta lu each. The dm hare 7 and 6 
holaa in each arm reapeclivuly, nud the second U aud 10; »o that, 
aiuee the rivets are 4 in. pitch, the lengths are i ft. B in. and 

3 ft. 4 in. The ordinary lengths of 

Angie-bftra 13 ft. 

Flat bars, 9X^ 17 ft. 4 in. 

Joints to ditto 3 ft. 4 in. 

lAHiinated plates 6 ft. 8 in. 

The dimensions A A, Fig. 10, are 16 in. each, so that they con- 
tain fonr rivets in the direction of li%ngth of girder each. Con- 
sidering one plate only, since there are eia rowii of rivets, we 
hare an aggregate of twenty-four I in. riveta, or a aeotiona] area 
of 18*84 square incites, agaiuet 1476 eouare inchea, the aecliooal 
area of a bottom plat^j thrciuj^h a tiuo of rivet holes ; or aueiceas 
in arvA of riveta of 408 square inches. 

Th« oross girders are 41 ft. 6 in. long, which makeA the dis- 
tance, centre to centre, nf luaiii girdem 39 ft. The iliiitance, centre 
to centre, of the ci-OM-ginlera themselves, is 4 ft. Tliey have a 
oentrnl and end deptli of 2 ft. aud i ft. 4 in.; the fixuges are 
ISia.x'^, conuecte<l to a j wub by 4X4x£ angle-inm. The 
top flaiiKe has also riveted to it on extra plate, 10x j, forattach- 
ing roadway plate. Fig. 8 is a section of one of the girders, 
ebowiog a roadplato attachwl at B. The length of the girder 
ia divided into eight |>anels by vertical T irons at joints, 
SXijXg. 

Ai each end of the bridge there are also shorter erosa girders; 
but, as they are the s.^me as a 41 ft, 6 iu.girdt-r, with a piece cnt 
off one end, nothing more need be aaid about them. The emls 
uf the cruaa girdeni hfb rivetetl U) tlie mains with 24 rivals, 1 iu. 
diameter. To the eiuUof the cross ginler, a cast-iron cornice C. 
Fig 6, is bolted. Thi rivets through loiiKitndinal angle-imns nud 
wens are I in. dinnieter, and Dinmgb vtrlical T iruus and Htriptt, 
and webs only j in. diameter. The weight of each main girder is 
69 tons; of all tlie cross girders, bO toQii; and of the whole bridge, 
24H tons. 

Joiner-street is if)Mnned by two main girders, 70 ft. and 52 fl. 
ioog, supporting fifteen en as girders, which form the platform of 
bridge. The main >;irde(-» are not placed pnra lei; the length of 
the longer cross girder c^^mnected to both being Al ft. G in., 
and the shorter 47 ft. 4 in. In both main girdem the lop and 
bottom flanges are |inr;(llel to e:tcli nihor; Ihe cuulrnl depth is 
5 ft. 6 in., and the width of flai(gc» 2 ft. 

In the 70 ft girder the flanges are built up of five g ptaiea at 
centre, reduceil to three at ends; in the 02 ft. girder Uiey are 
bnilt up of four ^ pUiea nt cenli-*! reducwl aUd to three at ends. 
Id all cas«8 the fltingea are connected td the web by two nngte- 
iraua 6 iD.X6 in.Xl in. The vertical joints of webe are con- 
neded by two f >>'(>■) guiwet4, 6x3xg. One ond uf eitc]^ 
main girder is provided wiili a hearing-plate ; the other bean on 
rnllera 4i iu. diameter. The 70 ft. ia provided with nine, and the 
52 ft. wiih seven nillei-«i; to the top flanges of buth a light screen, 
2 ft. high, is aitaclied by angle-iroa, 3XaXg, which couttiats of a 
three-«ixteeuU)8 web, with Lop and veitical te>e irons, 4x2xS- 

The crona girders, plncod 4 ft. a|nrt, centre to centre, are 2 ft. 
(i in. deep at centre, and 1 ft. 3 in. at cnda. The flanges, 16 in. 
wide by J in. ihick, are each connected to the J web by two 
angle-irons, 4x4xt; ^he top flange has | plate riveud to it, as 
shown in Pig. 8. Jn the niaiu girders, all vertical rivets mrel in., 
and the horizontnls | in.; in cross girders, all | iu. The weight 
of 70 h, ffirder, 21^ tons; of the 52 fL ffirder, 14^ tons; of all the 
erOBB girders, 63 tons 13 cwt.; and of the whole bridge, US tons 
12cwl. 

(To bt eoiUinued.) 



SUGGESTIONS OS URAINAGE WORKS AND 

WATKR SUPPLY. 

Bt Robert Rawlinsok, C.E. 

A valuable collection of instructions and suggestions relative 
lit sewers, drains, and water workn has recently been issued by 
Mr. Rolwrt itawlinson, one of the Government engitieers. Jxicat 
Burveyors, coniractorM, and others engager! on works of thi» 
nature, intended to undergo Gtivernraent inspection, will find 
them rery nsefnl for reference- The rules and Bugge«tions ara 
as follows: — 

Bvfnre a scbeni« of sewBrage is (l«viMij, the ditttriot should be folly 
examined, to m tA ohTaia a correct iHt-n of the drainage area, or the 
Mvcml drainage areas; inquiry vbrvald tlien He maHt) to ascertain how 
■arfKc« wftter ha* pacrH off up Ui th<- tim<>' nf luoh examination, and 
with ft hoi effwta. Main setters and tlminii ijiould be adajitcd to itm 
lawn urea, leiiKth uf streetJi, nurattcr of hmiKs, aurfacc arc* of honsa 
yards aiid nxifa, nunibiT of feti«4't ^ullevM, aiid vtiliitne of watirr supply. 

Sew«r«anil drama, is wet subsoil, should be maiie tou^t aa land tlmias. 

The following rules are general; eacti surveyoc must, bowtirer, use hta 
own jodgmant, and make the beat arraii^etiituts possible onder the ctr- 
eumstancas with each apec»lam,and with th« inat4Ena)iat command: — 

1. Natural itniims should not be arched over to form ithud sewers. 

2. Valley lines and natural strvauia may be improved, so as to remova 
mnre rMulily Rurl.'u-£ water ami eXLrwm^ falls of rain. 

3. Main sewera nt^Ml not b« uf capacity to onutaio flood waisr of tlw 
area dralneil; such flood w»t«r may be passed aver Ute surra4M, in uoe^. 
oas(;s without oauiing Injury. 

i. Mait) Bowcra should bu Inid out iu straight lines and true gradieciti^ 
fn'Mi puitic to poi t, wtlb ruanbolcB. fluahiug and ventilating amuice- 
meiita at each principal chant^e of line and gradient. All nanboie* 
iihoald be hrflught U[i tn the surface of the road or strcot to allow at in- 
apt-clion, and ahouM be finished with a cnrer easily removablu. 

5. iJupIieaUi Hyitcms of sewer* are not retiuired. Draina to natural 
atreams in vallev linea (or stonn waters may he retained, and may b* 
improved, or if uec^'SBary, enlarged. 

6. Eorthuoware puten make good sewers and drains up to Lhelr capa- 
city. Pipes nmal l*e truly bud, atid aeeure-ly jiauted. In ordinary 
ground they may be jointed with clay. In sandj gniund apMcial meana 
must be used to prevent aand washing in at the joints. 

7. Brick ivvtlts ou|;hl Lu be formed with bricks moulded to the radii. 
R. Brick aewers ahould iu all CAHe* be ael iu hy^lraulic mortar, ur ia 

cement. In no caaa ahould any scwcr be formed with briclm act dry. 
to be imbHfquentJy pouted. 

y, Main sewers may have flood-water OTcrflowa wherever practicable, 
to prevent such sewers being choked daring thunder^ storms or haairy 
mine. 

10. Sewers ftbontd not join at right anifles. Tributary sewers aboolil 
deliver sewage in tlie direction of the maio^flnw. 

11. Sewers ard drains, at juuctimm and curvet, should have extra 
fait to competisate for friction. 

I'J. Sewers of unequal sectional diajnetcn abould not join with level 
Inverts, hut the Icsncr or tributary s>iwer should have a fall iout the 
main at leaat equal tu the dilferciictt in tho aeotional dtanveter. 

13. Eartbeiiwarv pipe* <(f erjual diauetera abouM not be laid aa 
braodie« or tributaries — that t>, fl in. biding iuto V in., or € in. into 
6 in., but a Iciaiir pipe abould be joined on to the greater, aa 6 in. t« 
t> in., 1-2 in. to 15 in., V in. to 1'^ in. 

14- Houie drains ahoukl not pass direct from aewers to tba insiJe of 
houses, but all drains should end at an outside wall. Mouse draina, 
sink pipes, and iwil pip«e tbould have means of eKtemal ventihitioD. 
The largest block of buddings may have every sewer outside of tlie toabinj 
walla. No foul water dniiiiii nur fexHpvt ahuuM be foiined beneatli any 
house liatemc-tit. All riuid refuse nhoulil pass at once from the draioa 
to the sewers aud from the sewers to the outlet. 

Ifi. Sinks and water-closets sbould be againat external walls, so thai 
tho refuav water or soil may bo diHclmnsCd into a drain outside the maia 
widl. Down snouts may be uM-rl fir vi'ntilalioQ, care beiag taken 
tho head of such spout ii> not naor a window. Water- dosjts, if fix< 
within bouses, and having no means of direct daylight aud external aa 
ventilation, arc liable to become nuisances, and may be injurious to 
health. 

16. Inlets to al] pipo-draina abould lie properly protected 

17. Side-j unction H aboul) bo jtruvidcd In all sewers and drains, llur' 
position should be aketohed, an<j iitdicaled by figures in a book or on ft 
plan. Side-j unctions not used at ones, should be larefully doaed for 
subsequent use. 

18. A rscord should be kept by ibe surveyor of the character of tba 
subsoil opened out in each street acwerod or drained. 

11*. Sewers and dnuna should be set out true in line and in gradient. 
All the materials used should Im sound, and the workmanship should be 
carefully attended to. 

20. Sight-rails should be put up in each street before the ground is 
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opened oni, ilMiring tbs cenln Una of e&cb Mwcr wid dapUi to Uw 
invert. 

21. Scirer> b«vtug iteep gnwlicnu «1k>uI(1 Iikvo full idquib for veoti- 
latioa at the bigUcxt poiiile. 

22. T»ll chimncyi may be uted with wlvanUgn for tower and drabi 
TBTitilation, if th<i nwnen will alLuw a cobtiecttob u> b« made. 

23. Seweri ontlet-woHli ibould be mmple in form, cheap id ooa> 
ctntctioD, ao'l eo aiYanj^ed aa to remove all aolids, eodinient, aiul floocu- 
leot matMr from the iimmgt. 

In execating tofni aeweraand draiiui, tlungur miy be antictpaled from 
aevpral oonditionit, as uh'ier: — 

Where a itreet or pUoe ii dutow, with buildiiigt on botb tidw, and 
*wb«re tbe treocfa.ia dcv^j; wbcrc tbe suVjeiraU in cUy or muH, ma^Ie 
^rottad, looee eartli, bog xad ai\\ quicksxDd, tir any combination of auch 
ttrata. 

Qakiisand ie the mont difficult to deal with, and ai a nilc ■octi 
gronod flhould only be opi^ri in flhort leagtba; tliiii ground may 
rin|uir« to In* c om timbers), and in such oan^ itaHe litter and ashea 
wiU be foand lueful to pack bohind and bettrixt the polling lioanbt. 

Sound lonkiiur <^Ia.v nr loarl lunv requixe oor^tf ul tiiuhcni^; tu prevent 
heavy brealunt^ fmm tbe aidca u[ the Ircncfa. Wbeunuch^Mund "seta" 
kavilv, Ihe wwcr, if of bricks, ina; be iKriuusly injured; if of eartbvuwaro 
jiipee It maj be nunnd by cracking, ur by cnmbijig and diitortiiig the line 
uf Mwer or drain pipee, 

Ab a mle, all eewcr and driua tranches in town* should be careful^ 
tnabend, and lach timlienng must either be left in, or be ui^t carefully 
romnv«d M tbv treucb in filled. 

The boiMct and bniklingi in narrvw ttreet* may require to be pro|)pod 
aad Majrad; if en, nuob pn>p« and ntayii nu^bt not to bo removed until the 
■Sinr or drain ban been eompleted, and the ground Income perfwtly oun- 
•ondaiMl. 

In many casee it will be cheaper, beoame Mfer. to leave timberiog in 
4lMp treitobea and where there is ppecial danger tbe tnnch may bo filled 
'•iln omoTBtQ. 

A foreman in ci)af:g« uf iirn-cr workit b expei'tul tu be un the watch 
to HM) that the men exoonte tfaa work aafcly. lliu local surveyor must see 
that timber miSdeot in quantity and quality it Ruppttod to eecuro nil <>pcn 
tracbcs, and the building;* nn mlbt-r wli^. 

Where ground iv known tn be sf>«oiAlly dao^eroua all available prccati' 
tioM mukt be taken U> prcvvut accidents. 

Il is of the utmost itupirtauDe t^i iuipreee upon local mirveyora the 
neeewity of care in petting out wain eeworage works and huuae drain* 
with accuracy, in choosing sound matoriali, and in pnipcrly anpcrintenfling 
the works during their pmfn^Mw. House drains iihould be eo anaaged 
■■ to be capable of rcmovHng all wat^r, Mnil, and fluid refuse from yvds; 
roofi^ and interiors of limiseE to the ecwm, without any risk of gaieooi 
eontamination to euch bonsea. 

Street sewers should be capable ef conveying all sewage to some 
CMBmon outlet, without nttaimiig ■Mlimi-iiC iti tttum. All ecw^ni and 
drains should have amuigviiiiuiU for full vunlilalion at «ucli puiiiUi and in 
•nob maatiar as not t» cauM any uuiHance C!haroaal (as proposed by 
Dr. John Steabotuc) may be useil to filter and disistect wwage gises at 
all maid»lBt and otber vcntilaton. 

If tbe fluid sewsgo can be applied to land for sgricullural uses, means 
••hniild be provided for effecting this puqfcse. 

Watcr-closeta ahould have a ilaylight window (mrt a " borrowed light ") 
and fixed means for rentiUtion, which can neither be seen nnr be 
tampered with. Permaoont openings, ec[aal to a alit of 12 incheii in 
length and 1 inch wide shoald he provided. The oov«r or Ud of tbe Kwt 
should be made to close and leave tbe valve haodie frae, so that the 
eotrteots of the closet may be diaeharged with ibe Ud closed down. At 
an Cimas wbsn a wster^losst is not in usa lbs M or cover should be 



Warn Sopptt. 

Where a Htvtriet ia to be aupplio) witli water, all nthor things being 
equal, tbe softest and purest water should be adopted. 

A water supply may he gravilaling; or the water tnay be pumjied by 
steam-power. The relative eumomy of one or the (itber form uf works 
will defMod on detsilsof cost and ijuautyuf wMer. As a rul«, gmvilating 
wnrks rvqojra tbe lamat capital. Toe aoaual working expenses of a 
pumping scheme will beqaenUy be greateat. 

1. PUds and aecttoaa of the prupMed gatbering-groutid of any storage 
reservoir, geologically coloured, should b« produced on a scale not less 
than 4 inehos to the mile. . 

2. The area of the gathering- grounds proposed to be affeet«d shoald bo 
given in statute acres. 

3. Plan of slonige res ervoir and works immediately connected there- 
with most be ai a sosie not less than 4 chains to the inch. 

4. Tbe fall of mm In th« district, for not less than seven years, ought 
to bo produead. 

5. IVial shafts shall be sunk in the oeati* line of the sits of tbe propuaed 
embankment^ at distaaoes not greater than 101> feet apvL Tne results 
and details relative ti tbe stratification obtained from aucfa trial shafts 
sbkQ also be prodnced. 



6, Plana of tbe propuaed outlet and other works, in detail, at a soaleuf 
not less than SU f^it to 1 inch miut be prtparod. Suoh detnib xbould 
exhibit the emlMudcment in plan; and also oroas ■vclimis at tliw dt-vt-cNt 
part of tbe proposed embankment. The following detail drawing,'* eliaU 
also show — 

a. Top liank width of embankment. 

b. Inner and outer slope o{ bank. 

c. Puddi«-waU and puddle- trench. 

d. Kelativc li^vel of by-wash below Vup-bank level. 
t. Outlet workb 

/. By-wash and by-wuh conduit. 

7. The capacity of the reservoir, to the level of the by-wash, lu be 
stated in cube feet. 

j^. No puddle wall shall be leas in width at the top water tine, In any 
part of tbtf embankment, than 8 feet, and thail jnorease for CAch foot of 
vertical height n->t l«*w than I inch in width on each skte of such puddle 
wall, down to the ground-line at the dcoj^et part of thf cmhankincut. 
Similar pniportiona idiall be prcservud tlirouglKiut the vtitin line of the 
puddle wall. The puddl* tr«ncb Bhall be filled entirely with puddle. 

9. Tbe inner slope to an uuiUuiknient shall not he leas than three 
horixouta] to one viirtica]. The t>uu.<r slope shall not bo 1««b than tw«i 
and halt borixuntal to one ^*ertical. EmbaiikoKnts should b« formnl is 
layen of earth not more than 12 inches di'Cp, spread e\'enly over the entice' 
area of such embankmrnt : neither railways nor trmmwsys abuuld be used 
on a waterworks emlxuikuietit, but dobblu-carla or wheelbnrT'>wp(. An 
ecDbaukment should be formed evenly and regularir, tbe puddle wall 
and the rest of thti bank being brought up simiiitaneously. 

111. The finished top-bank width of any restrvoir shall not be Ua than 
th« following dimenstoas, namely — 

An einbaukuKtut S5 fiaet daup not less tlmn 6 feet wide. 
50 .. 12 „ 

.. 7fi ,t Ifl M 

Intermediate, or leaver, or greater depths of embankment may bav« 
propurtionatolr arran^^-d widtlw. 

11. The fintahtsl toti-bank level of any reservoir shall not be at leas 
than the following elcvatkms, above the edge uf the by-wa»h, irr top 
water line of a full rceervi>ir, tuunely: — 

An embankment '25 feet deep, not less thsn 4 foet. 

50 „ Sfset. 

75 „ tffeet. 

Interm«dialn, or teasor, or greater depths of embankment may hava 
prnportioaatvly arranged relativt; top-baiik and and by-wash levels. 

12. Each impounding r«s«^^'oi^ shall have full and free by-wash space 
not leas than 3 feet m length for every hundred acres of gaUier- 
ing ground; such by-wash, n^tere praotioaole, to be formed in the solid 
ground. 

13. Cast-iron pipes, culverts of timber, or other material liattle to 
decay, shall not be used for outlet disuhArgo. or for ovurfluw works, il' 
required to be buried under or within any tesen,'oir tmliankmect in tuch 
manner, and of auch dimensiona, as to preclude rr^airs, and endanger 
die structure by decay. Valves and aluices ahonld be ptaoe<l within the 
line of puddle wall. 

\i. A reservoir embankment shall, at all tiuiea, be preserved at its 
full height, and tbe relative level of the top bank and by-waah be 
preserved. 

15. All nMcrvoir worlu and apparatua, such as goits, colwrta. 
tunnels, conduiu, bye-waabca, doughs, sluioea, valrea. and working 
macbiuery connected with such clooghs, sluices, and valves, shall be 
maintained sound and in good working oidvr. 

Iteservoirs for service distributiun abuuld be oovered. 

Water nLould not be exposed in open reeervoirs and tanka after 
filtration. 

Cast- iron pipes, properly vamialied, ahould be ns«d for street mmns. 
It is not advisable to use mairu leM in internal diameter than 3 in. 

Lead »bould not be lUMd either in service pipes or in house cisfcnrns. 
Wrought iron tubes, with iorew joiDla, may bo usctl for house seivice. 
AU house taps should have itcr«w joiute, and be of the description known 
as screw down, so as to admit of easy repairs. 

In jointing and fixing wrougbt-iron Mirvioe pi|H«eare should be taken 
to tnssrt double screw joints at convM1i•^nt jioiiita, to allow the removal 
of a length of pipe for alterations and repair*. 

Up- bends should be avoided, or a tap sliould be inserted to allow any 
accumulation of air to oasape. 

Wrought-ifou aervice pipes are cheaper, stronger, and more >nMily 
fitted th.iu Btsrvice ripcs of lead. Certain so'ta of made ground in towns 
act rajiidly and injuriouslv on both lead and iron pipes— funuce ashes, 
waste gaa and chemical refuse, old boitditig refuse containing lime and 
othsr Bucb aiaterial, I'i)>«tB tihould not be laid in such matarial with- 
out a liuing of sand or puddle, or other special protection- 

Rartlisnware pipes mny be used for water conduite, provided the 
joints are not plaeed under pnssare. 

A public supply of water should not be leas in volnme than 20 gallons 
ilaily per bead of the population. Tbia. In towns below 'JO.OOO popuU- 
tion, will include water for public purposes and for trade requtrcmcnta. 
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High prMturft aod cotuUnt Mrvioe ihoatd be seoared vrburever 
pncttoable. 

Water at and below wx Ae niwia ofhmrdnaM ia "lofi'* water; above tbis 
tsnge water is "hani". 

Hardowv ia wntT impUei one ^rain of bi-earbooate or lulpbate of 
liniB in eadi gallon t>r woter. 

Each (Icgros iif hanlneaa lirttnyw Sj oz. of loap in ««oh 100 g^Uooa of 
water uiMal for waaJiiuy. Soft water ia ther«rore, commercially, of more 
valae than hard wawr, in proportion to the worth of 5 ox. of ooap to 
oach SOO gallons for each dogreo of banlooss. But toft wtkt«r Lb alio 
more wholsomo. and efftiota Rvlng ia other operatioBa-Hea making, 
and in ^Beratiog iteara |>ower. 



LOCAL TUtLWAYS. 

A very important problem, tliAt of branclimilroAilH connecting 
aiiiitll [ilncea witli each oth«r, and witti iFie raAiu lioca, is being 
row)Ired in Fn»nce. The honour of the initiative belongs to the 
depflrtment of the Bas-RIiin, whose con Mil -general, id IS.'Vg, 
cftiue to the tletermiualiou thnt il whs ili»iirable to creiit«% secoml 
aerten of roada unititJg the priiicipnl pLioes iti each commnne, and 
to oifer these to compnniea or local speculators for the forrantioa 
of milwtiys. There was, however, considerable oppooition, one 
]>arty objecting that the fund* r>f the road trmt, as it wnulil be 
calle<] in £ugland, oould not pro|ierl,v be applied to the formation 
nf ro«>da to be converted into railwajB, and ncother, that local 
ratlroodi were the mere dreams of thoorista. Lastyenr, however, 
the project obtained the support of the miniaters of kUI« and of 
M;;nculturt!, M. Itouher nnd M. Btdiic, who supported the 
pnjpusals in the cnnneils-g^nernux of the Piiy-de-Donie iind nf 
tlie litinches-da-UIi6ue. The prefect of the Kas-Uhin li'id, iu the 
menittinie, pusbeil forward hia scheme, and Id ISMt h^ »>>uitned 
the ^auction of the departmental authorities. Tie then "peued up 
coriespDiideuce wrth theOrcat BasterB RAilway of France, but 
the negociaiious nnded in nothing, and it was determined to form 
local comimnies for the purpnue, and in 1^61 « supplementary tax 
of 26 centimes (about a shilling in the pound), extending from 
1A61 1> 1B71, was made for the special purpose, and the work 
was commenced. Oti the aith of September, 1S6(, the first of 
these departmental liow, about 47 miles 'u length, was opened 
for tratfic. The gnvemmenl recognised the importanoo of the new 
movemLMit, Ihi- ministers of the interior and of commerce deter- 
nuued on frainin;* a apecial law upon the subject, and a oommissioa 
issued from the oHice uf the latter minister to collect full 
infnrmiition upon the subject. 

Theexniiipluofthe H»!t-Rliin waasnon imittitod by its neighbour, 
the depitriment of the Haut-Rhin, in which a line from 
Hajfncnt'nit to Niederbroun wna opened on the I8th, and Rn>>th«r 
from S»inte Miirie-aux-Mines to ScheleHladt on the 20th of 
December last- The department of Sarthe has voted the menus 
for carryini; out three such I^xail lines. Ain, which is very badly 
off as regards railway cimraunication, is now engrtqed on the 
question; and several other departments havn adopted the idea 
and nr« now ni*cupied with its mkliHatinu. In that of the Seiuu- 
lufbriuur aurv<>yB arc beiu^ made for a Hue to connect St. Valery- 
en-Caaxwith theKouenaud Bavi-c railway, and which iBintendetl 
V> f'»rin |i:irl of n complete system which will unite t'lo whojo of 
the smail ptact-s <iii t1mt coHMt with the mink line in qucfttiuu. 

The tPfi'ilia, in a fiuandal point of view, om only he guessed at 
by tbe short eiperience of the line iu the Ba«-Rhiii; this rnad 
w'as opened for pitsseng^ra on the aAth (if ISepiemlwr, and for 
heavy tniflic, in p/irt, on the 24tli October, and completely on the 
a!)lh I^ccnibor laat, when the weather was very bad, and the 
oondilions consi-queutly disndvnniagcous. The total reoeipt>t, 
from the £'ih September to tbe 31st Dec*raber, were equal to 
X2^-19, "I-, «>u an averajje, of £'.i-H) for littlii more than fn of <* 
mile. The ptiilit renulting is givi^ii at £tKK> francs per kilometre, 
or abiuit i'KJU jier Kngliah mii^;. The nature r,f the tratfic is a 
very important question. The Bnrr line has 5ft<'eii tiiatiuns, that 
IK Ut Kiiy, line for each cnTninmie; this was used by 70,000 peisims, 
who |>:dil a tiital of fiO,^0:i franco, or, on an &venigi>, 8() centimes 
|>er pin>*nj;er. This is tolcmhly concloslvo evidence that the 
traffic of the Hue wils emitiently local, and ind^jjeudeut of the 

Sruernl rnilwav traffic of the country. There is another prot>r in 
IS flirt that tim total of arrivals and departures at the siatiou of 
Stmsburg, on tbe main line, during the sadio period, was only 
47,708, wl>ieh lenvea ii^i^i for tbe parely 1l>cu1 circulation, 



without taking into aocrmnt those which may have travelled for 
local pnrposes between tbe chief town and intermediAte station* 
on the trunk line. 

It is not intended thnt groat speed should bo attained on these 
local linos, aud therefore the question of curv. s and gradients 
becomes of smaller importancv. In the Uaute-Marue the misi- 
mtim radius is 6xed at 250 m^lresi in the ludre it has been set 
at 300. The inclines adopted in the Haut«-Marne vary from 0-02 
to ODlb per metre. Lastly, some of the local linea will be worked 
by horses, while the engines and carriages employed on the othen 
are of a smaller and less oostty kind than those used ou the main 
lines. In the Bas-llhio the expeuse of tbe new roads has beea 
45,000 francs per kilometre, while it has coat tMe Great Eastern 
Company, which has become the o>BCM*wnawof the line, 60,000 
^ncs per kilometre to convert the new roa<ls into railroodSt mod 
provide uuichiucry and material. 

Thus the total cost of those local tines may be taken roughly at 
au average of llft,(H)0 francs per kilometre, while the Paris and 
Orleans coat 36S,fX»0 francs, and the Rouen line 404,000 francs 
per kilometre It is not onsy to exaggerate the results which may 
arise from the complete carrying <mt of this system of nirmi 
railways, and any fact emnected with il ia of import&ucft 



LOW'S PATENT BORING MACHINES, At* 
Bt Jobk DowsiK. 

iWilfi an Enijraviny.) 
Machine /br TunneUina and Driving Adita. 

Fiue. I and % PUte 26, exhibit the machinery employed » 
driving tunnels. In these tbe carriage frame is so ci>uitnict«daa 
to (Miablo the borer lo be placed iu auy jwrt and position, and u> 
bote ut any angle, in any Jireciiou ou the face or sides of tbe 
tunnel, and consists of a strong open cast-iron frame A, support- 
ing one or two columns 13, according to the number of borera 
used, mid runs upon four wheels fitietl with propelliDg gearC. 
In orJv-r to convey the machine to or froVa the rock at intervals 
required for binsliug, it is ^tted with a double break DD» to prese 
upou the mils, and also wiili a powerful screw clamp at top, 
actuated by a worm and worm-wheel £, so tliat ufwm the machine 
being adjusted against the fiice of the rock for working, the break 
is screwed upou the wheel, and thu clomp jammed against the top 
of tunnel. L'|)4)n the noluiiiu aforesaid is mounted a jib F, which 
carries the boring cylinder by the two trunnions. The jib F, c&u 
be moved up and down the enluinu on a screw iuside, by a worm 
aud wonii-nat, actuated by a hand-wheel G;aud npon a clutch 
being put iuto gear with the screw and woruinut by lever M, 
the samt- handle G will move the column from side to side by 
turning tiie ucrew-ahaft, which has a pinion working iu a rack iu 
the top !tnd bottom cnwa slide-bitrs HU. Tbe jib P, ia provided 
with a d'uble ledged circular rest at bottom 1 (next the olamps 
which carry tin; jib on column). Between the double drculiw 
ledge is a worm-wheel cast on the jib, into whicb a worm, 
actuated by a handle K, which will cause the jib to turn reund. 
Utton the jib clamps IJ/, being alockeued, it will swiug round tbe 
column. Thus it will be seen that the boring cylinder has live 
ditferent movements, viz.— 

1. The b<iring cylinder can transit horizontally or at any angle 
from the horizontAl to vertical poeitiou. 

2. The jib with cyliuder can transit oompletely round and 
Hideways. 

3. The jib with cylloder can swin^ round the ooItUDD. 

4. The jib with cylinder can be raised up or lowered down ^e 
column. 

6. The column with jib and cylinder can be moved from side 
to side. 

All the above various movements are provided with powerful 
breaks, so as tn render Uie whole [>erfectly steady whilst at work 
in any dirfction. 

The lower (mrt of the carriage frame is constmoted a« low as 
pU!i.^ibU<, ai:d there is ample room between the oolumtia which 
will nllirw a pibssage low and wide enough to oonvey the 4i-brit 
through, whilst the machine is at work, either by wheeliog. 
currying, pitchiug, or otherwise. 



■ CosUaiud (ru ptic« IM. 



w 

o 

H 

o 
n 

H 
H 
<! 

cfi 

V 

O 
•4 




, THE NEW YORK 

PUBUC UBRART 






— fTxontf 



Asi. 1, 1IU1 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



£45 



Machine for tinlring Perpewticular SHa/U (Fig. 3). 

Tlie carriage frame or cage A, for carryiag the borer, U an 
open franaewurk hung hy a chain, and is fiiruished with eight 
screw damps BBBH, which are clamped aj^inet the Bides of 
■bafla when lowered to the proper place fnr oneratiDj;. The boring 
cyliuder and jib ifi carried on a horizontal Rolnmn C, along which 
it can be moved whoa neccsaary by a screw inside by hand-wheels 
at each end DD. The column C, ia afl[ixe<l to a circular swiTel 
table K, which turtu ou iia oeulre by a woroi-wheel and worm F, 
■0 that tlie tool may be lurried ruuad to work in any direction or 
mt any angle required, being provided with fonr diflereat move- 
meats viz. — 

1. Boring cylinder and tool can transit in jib end. 

S. Boring cyliuder and tool with jib may be turoed round 
ndMwaya. 

3. Boring cylinder and tool with jib may be moved along the 
oolaroa. 

4. The swivel table carrying the whole can be tamed round. 
The steam or air pipe G, to supply the cylinder, is adapted to 

the orntre of swivel tahl*-, no that tlirre in im difficulty in turning 
il mund. The frame and swivel table is uiade uf o|ienwurk, so 
that the detrit can easily be drawn up ilirough the frame withont 
the oecessity of hoisting the frame itself. According as the work 

firoceeds the frame can be lowernl by loosening the damps, 
oweriug to the required position, aud then re-clamping. 

Mackine adapted far irorktng up^n turface «/* ZjWet Quarritt, or 
Top of Cutting and J.evtl Ground (Pig. 4.) 

This eoualsta of a carriage A, upon four flanged wheels, carry- 
ing a vertical steam-boiler B, in centre, around which is a massive 
eut-iron circular pivot brncket C, bolted to the carriage frame, 
and has a circular groove in which a strong ring or table D, 
ouT^'ing two long horizontal jibs E aud F, which wilt swing 
round the carcase, and is provided with a powerful break to 
•ecare it in any desired position. Ou one of the aforesaid hori- 
zontal jibs E, is mounted the boring cylinder, which can be 
moved along the jib by a double screw G. The double screw is 
geared into a partial hollow globe, and actuated hy the hand- 
wheel H, in which a hnll or (;lobe cast on the boring cylinder fits 
this, and will allow the boring cyliuder with tool to bf set at uuy 
moderate angle. To operate downwanls u|>on the surface of the 

Sound, a bre«ik is provided in the outer hollow globe. To secure 
e boritg cylinder at whatever angle it may bo set at, the end of 
the other horizontal jib V (which is continuetl on the other side 
of pivot carriage, oppoaite the other jib carrying the boriuif 
cylindvr) is furuisheii with a lengthened screw K, to clamp 
against the ground, ao that the stiaiu of the working may be 
communicated through the two jibe on the screw clamps and 
tending U> lift the carriage, which is half way, ao as to steady the 
whole. This class of boring machine is exceedingly coovenient 
for working upon the top of ledgee; aa, supposing the horizontal 
jib carrying the boring cylinder is 15 feet long, the rails can b« 
laid IS feet from edge of auch ledge, aud parallel thereto; so that 
it will be aeeu that IT) feet of material, aud to a certain depth all 
along one side of the raits can be removed beforv it is necessary 
to shift tbc rails, whilst to remove the rock under the rails, the 
jib can he turned to operatu at ttie end of the mils, and aa the 
rock ia diaidace<l the machine is gradusllv moved forward, aud 
the railff tnKen up, to be Uid on a new suifaoe lower Juwq. 

Machine for Working against the foe* of Quarrit* or open 
Cuttings (Fig. 5.) 

The jib with boring cylinder and tool are mounted batwoeu 
two columns or posts A A, which are joluted to a torn- 
table B, ou top of carriage C, so that they can be set at any angle 
to suit the alojte of the cutting, &c A tension rod D, is attached 
to the lop of the posts at K; the lower end is secured to the 
carriage turn table D, by double screw handwheela at F F, 
which, n|>on being turned either way, will alter the poetA A A, 
to the required angle. The jib with boring cylinder and toot is 
Fused or lowered to tho n-uuirfKl ptuiiLiou by a screw shafl G, 
actuated l<y a hand-wheel ll, at bottom. The boring cylinder 
and tool has all the various movements ad described in the others. 
The wliol? is carrieil upon a turu-tabte B, affixed to the top of 
carriage C, so t-hat it can be aet to operate at end of cutting or 
either itde. The steam-boiler I, supplying the working cylinder, 
is ni'tuiited oo the carriage, which by itn weight will increase its 
■bihility when at work, aod to farther which the carriage is pro- 



vidwl with two long ground brcftko, K El, under ouh side of the 
carriage. 

This boring machine is adapted to work slate quarries by 
adopting led^ 30 feet, ode above the other, round the quarry, 
and along which rails are laid for the carriage to run on. 

/.Ota'/ Machitu may also bo adapted and arranged for ooal cutting 
although it ia more particularly adapted for l>oring hard rocks or 
mineralB, auch as " yellow." " grey," or " peac:)ck " oreiB,(lulphuret 
ofoopper},aod the" mundic''(HntvuuriteDr8ulphQretof iron), found, 
for inslaucc, in the miuea of Devonshire, Cornwall, Wexford, 
Portugal, and elsewhere, in nearly all copper mines throughout 
the world. Id uaing it for ohtaining coal od cither system, it can 
be 80 modihcd that indriving "adits" or "headings," orworking 
coals " stoop aud nK>m," where the roof is dan^roos, it will 
cut aod trench three feet deep all round the sides by a tra- 
rersing motion in nddition to the percussive blows; while at 
the same time a central hole can be bored and widen&l at the 
bottom ID the usual way, which, on being blasted, will dis- 
locate the whole mass, and if it be objectionable to blast, as in 
some coal mines, the ma&s may be dislocated by driving wedge* 
ia the trench. In the "long wall" system of "holeing" or 
*' kirving" coal, the machioe can be adapted to cut a ooutiououa 
trench along the bottom of the seam, by which two succeseiva 
diipiacementa of coal can be effected, each three feet, or six feet 
altogether, before the rails need be shifted nearer to the face of 
the "benk" or working, and whe<e there is a good firm roof, this 
niUMt he a very obvious adviintage in many respects. In addition 
to the above, vertical and angular cutting may also be effected by 
this machine, and alt the niovcmunts miule self-aptiog if deairad. 

Indeed the advantau«?!i i>ecnliar lo these niachinca appear ao 
self-evident, that furtlu-r comment becomeasuperfiuous. 



ON METEOBOLOOICAL OBSERVATIONS AS MADE 

IN HOLLAND. 

By Da. C. H. D. Bous- Ballot. 

Frof«mor of Mathematioi at Utrecht Univvnity, and Director of Ifae 

Royal MetherlamU MeUwrulogicol Institute and Observatory at 

Utrecht. 

A Ot^TCH seafaring moo named Klein, formerly captain oa 
boani a Dutch Bast IiidiAman, published some two jears ago a 
small pamphlet compiled by him from a larjt;er work of mine, the 
title of which reads iu Dutch, ' Eeutge regeleu van Weersveran- 
deriug in Ne<lur)aud,' published by Kemtitk and Sons, at 
Utrecht, in 18(H1.» 

My present purpose is briefly to state in how &r the ayiitem of 
meteorological oK-wrvations a^ intro<luced in the Netherlaoda 
(MoIUud) ^tuce I860, is superior to the systems introduced and 
carried out abroad. The Dutch system waa approved of by 
Goverument after exaniiniog scientitio and practical men ou the 
subject, aod is iu full oporaliou. 

The rules for foretelling the weather, or some features of the 
weather, rain, thunder, wind, are of different kinds. In the firat 
class we may plac4> thoM rules which were laid down in the pre- 
ceding century, aud which are to be found on the scales of nearly 
every barometer — stormy, wet, 6Qe, &c. These rules, to judge 
from the actual rcadingi of barometers and thermometers, as to 
rnio and wind that will probably follow, have been accurately 
tested with the old Dutch observations. So, for the Netherlands, 
these rules ought to be modified for diifereot localities, the 
probability u( rain, and of such quautity of rain is indicated when 
the temperature is so much above the average in winter, or ao 
much below it in summer; and when the barometer is so much 
above or below the average, say five, ten, or twenty millimetres. 
In the same manner, fmtn several years of olwervatlon, it is 
dedoceil what ia the probability of a storm of such a force when 
the mercury in the torricellian tube la so mnch beyond the 
average of that day of the vear. 

In all this there is no great difference in the Dutch svstem 
with the systems of other countries, save this, that by a long 
aeries of obaervatioua at Uoarlciu and Swanenburg since 17A9, 
and at other places, aud hyc-^ropariscusof the last thirteen yean 
at Utrecht, Mfuutricht, Hvlder, with Haarlem, &c, the average 
height of the boroniulur and thermometer is accurately calculated 

• Tkto pamphhrt wv trajHbbwl lata) Ea^ith hf Dr. M. A. adrbal, sad ■• j bt 
(AulsMl M 1. Wiue omceiNwt, FWtdrKt, ec M lit, iinaO. 
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for every day of the year. AH thoee d«tcnniti»ttonB are con- 
nected wiih other long series of obsert-.itiotiH at Bniaeeto, Pnujoej 
BresIaUf St. Petersburg, Munich, Rnme, Geneva, TouK-nse, &c, 
and so the average heisht of bttninieter and thermometer \» 
deternaiued for m vera 1 placea in Europe, in my paper, " Sur la 
marche aoQuellc dii 1uironi(.-lre ct ilu thermoinctre en Ni^rUnde 
et en ttivers lieux ile I'Enropp, {miille par I'AcaJetuie Ronnie de 
Science d'Amnterdam, 1861. (Sulpkt\ Anisterdaia.) 

It is obvious, but tint generally ackoowledu^ed, that no abso* 
late reading of the barometer h.-w any aigniScniioo. but only ilie 
diflereiioe (called departure) of au actual reading with the avemge 
readiog of (hnt in^ftru ment at the iam» place, at that latitude, lougi- 
(nde luid bf>ight above the sea uu the name day. The duparinre is 
the true and accurate measure of the perturbancc, Jind inli- 
nmtely connected, but« as we shall see^ nut identical, with the 
force that tries to reatore the equilibrium. The viugle rending 
of the barometer, oa the contrary, is an arbitrary uuiuber uf uo 
sigaiGcation at all, unless you subtttitute an accurate approxima- 
tion of the average height of the readinjis. [ tlierefnre aill 
the dHtermication of the average or normal height ttit character- 
istic of the Dutch system, and this bstse in adopted in the Dutch 
metenrological Annnnires, which have appeared i-e^Iarly since 
18d2, and wherein for every day of the y^ar a tabuUr view is 
given, repreatnting the departure uf temperature and atmo- 
spheric pnsaare for the whole of Europe. 

In the eecDud place there are other rules. The rnlcfi of the 
firet dass, the oldest and roughest, are thought insutlicient. 
So it ia really, they have iiunie value, and as empirlod rules 
they may be used. But further iuveetigntions have proved that 
the weather of a certain day antl pUoe, is not the weather, 
viz., the temperature, the wjnii, the luoisiure, Ac. eiciied by the 
suu that day and at that same place, but the tesultaut of the 
weather broughtabout by tbecurreulsofair from theaurmundiog 
places, and, much to tlie diatrete of meteorologists from the 
higher strata of the atmosphero. It id therefore tlmt this ob^^er- 
vatiousofMr. C>lniiiher,whr-8epor3everHUceaudftkillare beyuudall 
praiw, are valuable to meieondogical »cienoe. Tfierefure a record, 
giving at small expunrtc tlie Hiatc of die 1ii<;her strata of the 
Atmosphere would be iuvaluable, fur when the sUle of the 
weather ia recoguiwnl not to ilefwod chiefly ufwu ilie action at 
the place itself, but to Ym itifiueucnl by timt atiie in MLirrouiiding 
localities, it is evident tlint conniniiiJcitiKna shoidd be obtained 
from thu*«e districta. The Neiherlunda have so little surface tliat 
I dare not assign a mnrked diiTererioe to any locality indicated 
there. The rale« of thix cintut are to me only these: that when 
at Bayonne, *t Cburhmirg, and at Brest, there in a heavy sea and 
ranch wiuti. and when tlie barometer gives indicatiomt of coming 
storms, 1 |j:ivi! wnniing to all the MAports of my country. 

I have to explain n third class of ndes more tsepecially cha- 
racteristic of the Uulcli Nynteni of foretelling the wtother. That 
system doefl not uverJ'xik the rules of the f-u- i-er clasaes, but 
1 think that to obeei've them is a stop more in advance, when 1 
pay full ntteutiuo not only to the departure at a certniu ;ilace, 
but to the ditterence of simuititneouji lifiparturcH at ditferent 
places. For inslaMC(>, there m.ty Lie a depatiure of 1 Euglisli inch 
at Paris; ilien it is a dangerous c^ae: it is prolwble, from the 
rule of the first clann, that there will c"me a strong wind or 
storm ; further, from the mie of tlie fltf.'rmd chus, it may be 
ascertjiiued with some probability if a stnmg wind comraences 
to blow, that it will proceed to Bwlgium, the "lay iiftorwards to 
Uollaud, then to Hamburg, or at some more ea^iterly Kitnatei) 
places. When however the barometer Is 1V7, O'y or 00 inch too 
low, not only ia France, hut in <jermnny, England, Holhiud, and 
throughout £urope at the aanin time, then, it may be entirety 
uuiet for eome days. It is eviilent from itself, for when tdt over 
Europe the piwi»ure i^ if) millimetren leas, why slinutd thesit 
originate a strong wind in Autiria I The wind will originate at 
the circumference where the negative departure is notaofrreat, 
nnd where the places with positive departures are near. Then 
we may infer that the wind wili originate at those regtoua where 
over II smitU country the difference of nimultaneo-.is departures is 
great, or, you may say, where the inclination of the atmi>dphorc 
is aeneibiu; where the [Ki^titive departure is greitter, the height of 
the atmosphere, or r&tncr thu average condensAtion (elanticity} of 
the air ia greater, and tbertjfrom tlie air is pusheil towards the 
places with lesa poeiiive den;irtureft, nr greater negative depar- 
tures. Now this theoT'eticiii rule is tested by the very accurately 
known simultaneous departures in UieNttherlands at Belder (H), 
Oi-oningen (0}, more northern places, and Maastricht (M), and 
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Flnshing (V), the two soathem places; and it is fonnd that if the 
more sonthwanlly siloate^l places indicated by ;M) nnd (V) are 
abr^Totlie more northwardly !>itaated ones (H) and (G), Uie wind. 
will have the letter W in its name, «od when the dejwTlures are 
more positive at Helder and Gromngen the wind will have au K 
in its name. More accurat/'Iy, it may be stated thits: according 
to the rule found for HUimrs in Irehuid by the Rev. Dr. Lloyd, 
in Dublin, that the deepest deprcMion of the barometer ts at the 
left h^nd of the storm, where it in ragini, according, therefore, 
with the tlie"ries of hurrioine* of Mr. Hedfield, and other inves- 
tigators in the sante field, the wiild which will blow sIihII be 
in sQch a ilireetioD that it will have at nearly right angles of 
its left the most negative depnrttire, vis.« the place where the 
pressure is least. 

To the paper of M. Klein I have added k statistical table, 
to show in how many instajice* in a hundred this rule for the 
direction hnlds true: and m to the strength of the wind I have 
found that it matters n 't much for our cciuntry if the northern 
places have much greater pre-wore than the scutheru places, since 
eaHt windn an> not Htrong ia Holland nor dangerous fur the 
shipping on our L-oasw; but that there will be u strong wind, a 
gale, or a storm, if the difference of simultaneous departurus at 
(M) or (V) above [H) or (G) is 4 raillimetrea or more. At the 
foot of the copies io writing of the telegraphicAl communicatioot 
there ia written a line cntalning, tirelly, the name of the pUo* i 
where the departure is most positive, say M, at the end the uam» ] 
nf the place where the pressure was lowest, and between the»^ 
difference of the departures, say io: viz., M 4'5 below H msMiM 
danger fi'r a south-west aud west strong wind; V 4o below] 
G means duuger for a westerly or north-westerly stonu, and ' 
soou. 

In comparison with the warning of the late Admiral Fitzroy^ 
taken from his eleventh meteorological pa| er, I have added a tabi* 
showing what warnings were given io the |M>rts of the Netbec^ 
lands. I must, however, acknowlnlge that these warnings w9 
not so pubiiolyorofficiallygivenin the NetherlanJsasiti Kuz^lsud, 
hut at 8«venil pla'-es, such as Flushing, Amsterdam, and Hnlder 
the ah;pmft5t*r» m-iy obtain the simu^Uneous departnre of tha 
biiroiucter iu tlio ditferent post-towns t-arly in the morning, aud 
thev cnu see what oonclusiuu is dmwu thei-efrom. 



COMMUNICATION BETWEEN DIFFEHENT PARTS OP 
A KAILWAY TRAIN. 

Thk subject of intercommunication between the diflereiii 
parlsof railway pamwuger trains while in motion, is one wliicb 
has occupied the attention of the public for a long ]i«riod, and has 
called into exercise much ingenuity to devise an efficient and i 
economical means for its acC"mpli«hnn:iit. Some months sineo 
Captain Tyler, RE., was reqneitted to i-eport to the Board of 
Trade the results of a very careful and complete iuvestigatioB 
which he had made into the snbject, and which has onlyjuvt 
been publieheil. It* interest nud importance induce us to lay it 
before oar readers in sxtenim. Cuptniu Tyler alates: — 

Tiiis riueBlion, which has received much alteutiou from timeUftJ 
time, both in this country aud on the Cuuliuent, luwofUtw* 
undergone considenible ch:\nge. In fomier ye-trs numerous 
accidents oocnrred in which &irriage» were dragged along, soui^ 
times for miles, in n disabled condition, or on tire, nnknowu to 
the engine-driver; and it has been princi|>ally in consequence of 
such accidents that, fimt the Commissinners of Railways, «idj 
sfterwarda their lord»hi[w*, have addi-eased circular letters fn 
time to time to the differiMit railway companies. 

The subject hod attractetl much attention previous to 1847; 
and in October of timt year a ctruular was issued by the thea , 
Commissioners of RailwHva, Lonl Granville, Sir Edwanl Ryan,,j 
and Mr. Stnitt, after ci-mmunication with tJie Ore.it Western ' 
and London aud North-Western Rtilwjiy Companies, describing 
the methods proposed to be adopted by those two corajianies: — 
the Oniat Western, of employing a travelling pctrter to keep watch 
from a box at the bjick of the tender; and the loodou and 
North-Weatcrn, of employing a guard to look uutfromavan next 
behind the tender for aiiy signal from the pas&engen or hind 
gtiard, or for any symptoms of accident in the Imin. The Ijondon 
acd North-Wfistarn Company also proposed that the under guard 
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rtiiine next to (be t«oc1er shoald have the jxtwer of aoundinfc a 
wbisUe on the engiQe. A fumble illutitmiiou of the ueccd^ity 
tir auch precautioDtf preseoUd itaelf iu Ocu>ber of thot yeir in 
the CMO of Lady Kctlamt, whose carriage was s«t on Sre ou th< 
Midland Aoilwav by a »\>HTk fruiii the eugiue. 

The CouiuiiwiouerB iuued a ttecaml eirciihu* in Octobpr 1H51, 
po'iDtiuK oai hi)w deuirahle it was that " the power of travelliuK 
JiloufT trains whilHt tu niutiori HhniiUl be given to the gu;in]M niiJ 
Hcrvniics of the compjuiy," and obiservini; "thai th« benetit 
d«rii**«! from that meii-nre tvmy V* materiiiUy an:<mei)t«il by the 
mot* geiiertil Hdf>|>tion of(ie«t»i for the yimrds, (i-oil which they 
may look HloDg th«ir rcBpt-ctive iraiii!*, so that they imiy readily 
. perocivo whenever unythiiig in their iriiiuii may require their 
attcDtioa." 

The practice at that time in Belgium was the »ame that had 
since been followed in thst conmry — of employing the nuwnU to 
travel alung the fiKJtb^iaiwla outside of the carriagea; and several 
ufthe £n;;nsh companies having oxprRctied their willingaeas to 
^opt this amnf^euient, the c>>i}!icnt of tliu l\i3tintnitcr Gfneral 
wRsobtaiue<l fcr the addition nf NteiM to the P<>»L OlIic<> velnclen, 
with A view to its being ^^''''''nliy C'irrie^i out. After further 
communioalion between the lja;trd of Trade, the railway com- 
panies and the Clearing-huuee, a aub oouimittee wtcs iipiJuiuted at 
the Clean ngdtou*; by a minute of the general managers, dated 
4lh February, 1852, to consider the prvpwwl of the Boanl of 
Trade to uau the foolb«mrd8 of the cnrria^t-a a« a meaita <if com- 
tuonicaticiQ oti the oulnidu of traiun; and the sub-committee drew 
npa list of queries, and circulated them amimg alt the railway 
comimniea of the Uuit^tl Kirigiioin. They i-eceived replies from 
tliirly-6ve companiirK, from which it appearei] that there were 
tweuty-three compimiua on wh<r?ii! litiHA either brt<lgei), tuuDels, or 
other (Mniiauent structures ri-ndcro^l it dangerous to pus along 
the aide of a train in motion; there were sixteen companies 
wliose statton pJutformd wuuhl have ri--<|iiire<.l alteration if the 
footboards of the carriav'es hud Weu lenjftheued; and all these 
couiiianiea were iu the habit of runuijig cattle-truck* or goods- 
truciu to a greater or les9 extent with tli^ir passenger trains. All 
but two stated that no accident ha^l occurred which might hare 
been thus preventeil, and that ihey considered the power of 
pasflinjT along the fuotboanU w<iiild leiut to ranh expoamv on the 
part of the public. Alt but live thought that, if paaseugeni were 
able to move from a luwer to ahi^herclassttf carnage, they would 
be likely to take aih'antagu ofthiri nieann of defraiuling the com- 
panies. All but one thnu^'ht the syntem would alfui^ facilities 
tor robbery and assault upju pawjcngei-s, nud enpocially on females 
travelling aluna. Four companies had employed the nystein for 
general purpoises, and two enpeoially for the ocdiection of tickata. 
But one had dtscootiuued it from n])prehenxion of danger, aud 
auuther after au accident; and a thiri) did not consider that it 
had been attended with beuefil or the reverse. All but three 
thought lliat tbe disadvantages of it« adoption would prepon- 
derate. 

The committee came 6ually to the conclaaion:—" That tliere 
AreMCvurnl railwayB the dimensiona of who*e permanent struc- 
tom would prevent the plan from being generally adopted, 
without which it woald bo inoperative; thit the expense of the 
alteraliun (which they estimated at ^I65,aW) would be out of 
all proportion to tbe beuehts that would be derived from it; that 
it would expou tbe public to great danger aud to robliery, and 
the oompaitiee to fraud; aud that therefoi-c it in not dcHimble to 
adopt it." 

I Diay here add, by way of pareDtheetB^ that the di^cultiea of 
each com muni cat ions have incre;iaed since the year 18r>2, In con- 
sequenoe of the greater width of th« c;irringe8 on different lines. 
And it must not be forgotten that the apprehensions above ex- 
prr^sed were actually r«nlised, by the murder of M- Foiusot on a 
French railwav, in December I860; the assaasio having appa- 
rently obtained nccesa to, nod escaped from, the compartmeat in 
whioFi M. Poinsjjt travelled by means of the footboard^. 

The Hubject was allowed to drop after the receipt of the above 
report fi-om the Clearing-house, until a serious accident >'n the 
Boekicghamahire Koilway causc<l it again to bo brought forward. 
Captain (now Colonel Simmuua) of the Itoyal Engineers, then 
draw up a tnemorandua (on the 12Lh February, 1&3Z) on the 
meamres which bad been adopted in France and Belgium, and 
made suggeatioDs with rnferenoe to the British railways. The 
French law provided as follows: — " Les conductenm gardes freiiis 
seroDt mis en commonicatiuu avec le mecanictei], pour donner en 
CM d'aecidcDt le signal d'alarme, par tel moyeo qui sera autorise 



par le ministrc dea (ravaux publics sur U proposition de la 
comi>ucnie." 

AniTtbe law was so far pot in force that a gnard in thelcatling 
carriage of each train was provided with a cord connected with a 
bell on the tender; but no greater advantage was obtained by 
this method than by the syiitctn prcviiiubly refcrre<l to as having 
been adopted ou the Great Weatorn Rulway of England, of 
placing a travelling porter to kcepa look out from a box ou the hacf 
of the tender; and uumeruus experiments which were mitde 
in Franc© with a view to the more perfect system of pro- 
viding a oommonication throuehnut the whole length of a trabi 
were not productive of any useful result 

C'olouet Simmons concluded bis memorandum by recommend- 
ing: — '' First, that a communication should be estubliahcd between 
a guard to be stationed in the froiu of a tnuu and tbe driver, as 
in Fr.itice; second, that this guard should be placed in a box or 
van, HO that bis niuist convenient aud natural position, when the 
train is iu motion, Hhould be with bin face to the rear, and look- 
ing alon^' the train; aud thinl, that a guard should ;ilways bo 
placed ou the last carriage of the train. And he contemplated 
the gu.-irds exchanging stgDala by flags and lamps, aud making 
use of the footboards when neoessary. 

Iu coneeqaence fif farther agitation, the Clearing-house com- 
mitt«e of general managers met again in tho latter part of 1822, 
and re-appointod A sub-committee, "with the view to nacertairi 
whether a plan for eittablwhing AUch a means of communication 
can be dcvise^l nhicli would not creale greater danger thau it la 
designed to guard agiiinst." They julflrettsed letters to all the 
British and to the priacii^id Continental railway cvimpaniea; tliey 
investigated the mtrita of the plan which hail (l)us Iwen proposed 
to them by theii- lonUhipA; they iijBpect««l and cnusidered the 
model.-*, drawing, and descriptions ot numerous cnrrespondeuta 
and iuventfim; »nd they finally drew up an elalmrata re|>ort in 
March 18.'J3. They found that the only arningemeuta which 
were in actOiJ use were, (1) voltaic commumcation, on the 
Orlonns llailway, which had not answered well; (2) a mirror ou 
the Moutpellier a Cette Hallway, placed in front of the guard, 
in which the train was reflected, which was admitted to have 
many defects; (3) a rope attached to a bell on the tender, or to 
the steam whistle, "carried aluug the tops of the carriages, sup- 
ported on brackets, and placed within reach of the guards and 
brakesmen," as used on the Dutch, and on the Prussian, ITano- 
verian, and other German railwayi^. ^Vlth regard to tho question 
of giving the passengers the power of comniuoicatiug with the 
guard, they reported OS follows:— "Without overlook ng the possi- 
bility of such an arrangement being occasionally of tier\'ice, tho 
uommitt«e have been unable to ptirsuade themaelves that it would 
nut lead to greater (liiuatcra than it could, on nuy view of the 
miiiter, prevent. Tnlew the guards and engine driveps had 
orders to atop the train whenever a passenger made a signal, the 
privilege would be useleiM to the tatter. It, however, requires 
little aciiQaiutance with railway travelling to be convinced th&t 
its dangei-s would l>e greatly increased if the train wei-e to be 
stopped whenever aud wherever a passenger under the influence 
of tear or levity chose to make a signal. The committee is not, 
therefore, prepared, in the first instADce, to recommend any 
arrangement or regulation which would put it in the power of 
the timid or reckless to control tho discretion of the guiml or 
engine-driver, and to put the safety of the whole train in peril.' 
And they added In another place — "Should it, however, appefti' 
that the wlvaatage of providing passengers with such means of 
oommunication countervails its dangers, the committee see no 
meobanical dilfiuuliy in ibe way. But it is of o|iiuiau that uo 
auch concession should be made until thulegisUturehas specialty 
guardeti u:s:ainst the abuse of tho privilege by making it penal." 

After referring to the practice on a German (the Cologne and 
Minden) railway, on which, according to Ilerr Minokwir, *' three 
conductors, who during the journey control the time tables and, 
standing on the s'h\9 of the carriages, watch over the safety of 
the iMssengera, and also three brakesmen, who greaM the breaks 
aud ailetrees;" aud on which " tho passenger carriages are so 
arranged that the officers cau pass round them when iu motioD:" 
and to the Autericnn syulfm, -'where the railway compauies 
maks little distinction ii» rT^fards passougem, tlte carriages being 
so coostrueied aud arranged internally that both the passengers 
and conductors can move from one carnage to au'jther by means 
of a passage running tlinmgh the middle of the entire tiainf* 
the commilteo pri>ceed to fitat* — *' As regards tbe first of then 
modes of enabling tbe gnards to move ftlung the train while ia 
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iDoUon, this coraniiUee proved in the report on the sabject 
(fclroady referred to) wliich the Cleariog-hoose committee for- 
wkrdea l&st year to the Board of Trade, and to which it now begn 
to refer, that thouf^h the plan of leiifrthruinR the footboards of 
the carriagm fur thin pur|Hwu! BtK:nicd simple and fluitable, there 
were difficulties in the way of Its adoption on British railways 
which are insuperable. And afl regards the American nrranpe- 
tn«DL, it is obnous that it is bo opposed to the social habits of the 
English, and would interfere so mnch with the privacy and 
comfort which they DOW enjoy, lb at these considerations, apart 
from others nearly as important, would forbid its adoption id 
ihis oooDtry. 

The committee ooDaidennl that the " electric fluid is too stibtile, 
nnd the apparattis used for evolving and conducting it too delicate, 
f'lr the roagh usage and the' distarbing causes to which they 
would be exposed when trains are in motion." And they pro- 
ceeded to state their opinion that a conl or line of hemp, copper 
wire, or {{utta jwrcha, as might he found beat in practice, em- 
ployed for conoecting a van at the tail of the train with a bell on 
Ihe tender, under detailed ormugeiueuts which tbey described, 
would Iw found beiit U) fulfil the various conditious of the cose. 
They strongly recommended the companies, parties to the clearing 
system, to give effpct to this plan without delay; and they 
appointed a committee to assist the associated compAnies in 
eoBiiring uniformity and efficiency in the application of the prin- 
ciples which they laid down. 

The members of the select committee of the House of Commons 
nn Rftilwiy and Cnoal BilU of 16&3, who had the above Report 
before them, report«>d to the Iluunn the following resolution : 
'*That provision should be made for euforcing tne nie.nus of 
ronstaat commuuicaUou between all the servauts to whom the 
safety of the passengers in any train is entrusted. 

On the 'i9,nd July, l^.Vt, after another accident, their lordshipe 
addrsased a letter to ten of the principal railway companies, 
calling attention to that reaolntion; and oo the 5tfa August in the 
same year a letter tu eighty-seven companies, with reference to 
that resolntinn and the Clearing house Report, concluding as 
follows; " My lorda are desirous of recalling the attention of the 
directors of the several rsilwuy companies to this importaut 
subject, in the hope that snch meaaores may be adopted as arc 
calcolsted to bring thisimprovement into general use in the most 
couveuipot manner; and they direct me to poiut out how serious 
a rcsjiouHibility will be incurred by them, should an^ accident 
hiippen ID cooieqaeace of tbeir neglect to establish tbis mo«i« of 
affonliiig incresaefl sectirity." 

The replies of the railway companies to these circuiars were, in 
some oases, a simple acknowledgment; in others to the effect that 
the directors were making inquiries or taking steps to secure 
the object iu view; in others, that they were prepaied to adopt 
whatever might be adopted on the lines of neighbouring 
companiea; in others, that communication was afforded by the 
footboards of the carriages; in others, that the h4>lt ami mpe 
system recommended by the Clearing-house cnuimittee hnd been 
tried and found ueeleRs; and in otliera, that it faad beeu brought 
into uafl. The Ureal We«tcrn Company still retain their 
system of a travellinff porter on the back of the tender. The 
tondon nud Northwestern Comjiauy had ordered the Hdoption 
of ProfeAHor (ilfii^kinan'!! invention, which provided a voltaic 
eommunicatiou between the guard and the engine-driver. The 
Loudou and North-Westem Company expended, indeed, a con- 
sidersble sum of tnoney nt that time on af>paratus for working 
the Gluukman method, and only abandunetl it because they found 
by ex[>erience that it was not effective, from failure io the mode 
nf coMpliug iu very long trains. 

Ou the 30th December, 1857, tbeir lonlships again addressed 
a cii-culnr letter to the railway compHniea, calling attention to 
two recent acdilenls by tire; the oue on the Great Wealem Rail- 
way (to a train on which there was no travelling porter}, and the 
other ou tlio Ijincnsterantl Carlisle Railwsy; stating that twenty- 
sis accidents h»d occnrrwJ during the previous four years, "in 
which t-ither the Hccidviits themselves, or some of the ulterior 
Cfmsequences of the sccideiits, would probably have been avoided 
had such n means of commiinicntion existed;" referring to the 
Clenrinc- house Re|»ort of 1853, and requesting to know how far 
the witches of the legiMnlure, aeexprei*<>etl in the recommcndfttiona 
of the select coDiniitiee of ]8fi3, had beeu carried into effect. The 
reptiea to this circular were not materially different from those 
refrreil to previously, which were made to the circular of IhM; 
rope and wire ccFumiunicatinns having bceu adupted by some 



companies; th« sudden application of the guards' bnnk haTingj 
been depended npon by others; the footboards havioff been oor 
sidered available on some lines; and no communication havii_ 
bccu found necessary, or possible, on others. The select oomr*] 
luittee of Ihu House of Commons on railway accideuu in lS98f| 
afier hearing a great deal of evidence frum all qoarters on thai 
subject of communication, both between passengers and gnard%' 
and between guards and engine-drivers, recommended at 
follows: — ** That yonr committee is also of opinion that it 
should be imperative on every railway company to eatabliih 
means of communication between guards and en^ne-drirers.** 
On the 27th September, 16A6, in forwarding a circular letter 
to the railway companies on the subject of citra break power on 
pa&scngor traius, their lordshipa drew attention to the advisa-. 
bility of some other means of communication being provided^ 
between the engine-driver and the guards than by the stesm- 
whistle, and concluded as follows: — " My lords regret that the 
railway companies have as yet niaile so little progress in aduptui 
a means uf cocamuuication lictweon the engine^riveiasndgnan 
of trains, by means of a cord or otherwiae, which shall be certain 
of attracting the inimeilinU; atlenlinu of either itie guard or 
driver, and not be liable to be misuudei-atood; and my lorda tmst 
they will oo longer delay to provide an efficient means of com- 
munication as well as nsufficieucy ofbreak power for stopping th« 
traios.'* And on the 30th July, 1S64, tbeir lonlships addressed tbeir 
last circular letter to the railway companies, calling attention to 
" recent occurrences of a criminal nature, as well as to the com«^ 
plaints frequently uryeil ou their atteotion of the danger existti 
or apprehended (in case of accidents) from tiie want of means < 
comuiunicntinu between the different portions of a railway ttain^ 
while in motiou." Nothing new waa elicited in tlie replies to 
this circular. 

I have already quoted the French law on this subject, and 
stated the measures which were taken, up to 18A3, towardi 
carrying it into effect; and I may now refur to the report in 1603 
of the distiugui sited French commission, which was nominated j 
ou the fith November, 18G1. The conimissiouers show that th*J 
ffoling amongst the French railway eonipnuies is much the i 
h»4 that which has been expressed by the English railway oont- 
Imiiies, id the following sentence: — 

" KiUuvcmeut h r^tahlissenient d'une oommunicstion eotre lea agsoto , 
dti train ct les voysgeurm lea compagnies out uiiaiDement dMarto V^'i 
ct;tui coTamiimcatioa dtait liiii«iiai«Bablo parco ifu'cUc ooosslouiMnut pltl 
dt> liuigent qu'elli: at retnlmit dtt ncrvuxM." 

The comniiflflionera refer to the report of the French ooiaml»>| 
sion of inquiry in 1857, which was against any commuoicationJ 
between passengers and guanU ou the score of economy as woUl 
as iif practirahility; aud to the refwrt of the three ingenieura-en-l 
chief dcs pouta et chausetees who were appointed specially (after i 
thf death of M. Foiusot) to consider the question of the seovrilj ' 
of pasaengera in traiuA in motion. This last oomuiasiou, who 
reported on the I2lh of April, 1861 — 

"l->artA tout dabord Vid^ d'une commauication cntre les vojigean 
et lea agents du train. EU« ss boma a demander qui les oompagalso 
fuasent Invitees: — 1. A pratiqner dana 1g dfOai do ■ta moia dans tssJ 
compartimeDts de 1 et 2 dame une ou deux on^-vrtuns fcnui^ par nna 
glncc troitapareuto et plac^ su deesus des Bleta k vrtymgm. 2. A 
organiser dkin le ui^me d^lsi sur tooten les voitnrM compotMit les traioB 
de rnyagours un ayst%me de tnarchepieds et de mains onaraates bo t i w- ^ 
tales qui permette, ■cit anx sgcnut du train, soil k das oontrAloun spentia^ ) 
de paroourir touto U lon^iir du convm du c6t6 dt» acootaMttta da 
obemin. S. A prMenter au minlitre \m otiIicb d« serrios aniMi ptr sMu 
pour CD contnMe de roato en ex('-ctition dm prcscriinioos ei dessos. 

And the comtuisfiiou, which reported in 1663, stated their own 
conclusions as fullowa:— 

"Que t»ut«s \f* roiii qne la oomposition des trains ne i'y oppasera | 
la cuiumuiiioatiflD entre )m ganW frains nb \f> in^caniciea dsvra Mva 
renduf obU^ktoire; qu'il n'y s [ins lieu de fairf de tndme, an on qui tottcba 
Is cnmtnimicsUoa entre les <>ojt4^eurB et les A^ual* du train," 

Such is briefly the historj- of this question of eommanicatioaj 
In railway traius. The result ia, that the bell-and-rope syatcm 
has, within the last few years, Iwen extensively employed for 
euabling the gnsnls to signal to the engine-drivers, and haa been 
gcDernlly suct^'ssrul, though it has sometimes been found to fail, 
from the jauiniing of the rope, both in this eonntry and on the 
Conttueut, in very long trains. Serions accidents to traiu of tho 
dcMcriplion referred to nave of late been on the dacreasa, partij 
in conseqiueuce of its having been adopted, and partly in conae- 
queuce of the improvements that have been made in tlie jjcrms. 
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oent way and rolling stock. But this system ia comparativAly of 
little Q«c ill the auca to which KtttiDtion is uow more particularly 
directed— of uQtrafic io railway carriages. And siDce the murder 
of Mp. Briggs (which no means of commuuicatioD could have 
prevented) other cnseJi have occurred, showing the want of further 
fiurilitiea, which have excited the pulilic feeliug lo n degree that 
nn beet be appreciated by those who travel moKL 'rhere has 
been, indeed, a panic amougat railway paaaeogers. Lndios, 
oiublei of cuurWf to diacriiuiDate at the moment oetweeu those 
whom they should avoid atid tliuse who would be their best pro- 
teetora, ahua all alike; and gentlemen imxaengers, as well as 
railway officers of nil classes, coQstaQtly refuse to travel singly 
with a stranger of the weaker sex, uuder the belief that it is uuly 
oommoi) prudeooa to avoid to this nmnner all risk of beiug 
Bcensed for purposes of extortion, of insult, oraattault. 

The latest phase of the qut^tjon in this country has, therefore, 
reference more to protection from outrage than to precnation 
a^iust accident; and there can be no doubt of the desirability of 
aflbrdiug, if poesibli;, at luuHutiable cost, and iu a mode nut likely 
to be abuserl, to every iiosHentnir in a train, sniuo facility of 
attracting nttentloD to the comiDtrtnient in which he (or she) la 
travellinj^ in ghm of urgent need. Ad increased desire, as well 
as nndoubiedly au increased necessity, for such a facility, is 
oause«t by the improvemeut which hiis twen wisely iutroduoed 
apoD the ditferent lines, of longer runs and fewer stoppages, 
wherever the nature and amouDt of the trnfhc has been found to 
JDSlIfy it, as the best and safest mode of accelemting the speed of 
the tmina. Thus, trains run now liaily, without stopping, on 
the — 

UUh. an. Mill*. 

Seoto-EastoB Rulwaj, fram LoDdon to Thirsr, for . .. Ht 

lioodoa and North- WtMtem, Chester to Holybeiul, fur 8' 

!• .. „ LondoD to Kugby, for ... 8t 

Gnat-Westero, IxMulnu to SwindoD 71 

Gnat-Norther n, Loudon to Pvtvrboruugb . . H 

London and Sauib-Wttatoru, London til Biksiogstoke ... if 

and for distances not much shorter nn many other lines, or oh 
other jwriious of the same lines, whicii I need not enuiu«iate. 

The facility of oommuuicatiou would tend at onoo to restore 
confidence to the Irarelling public, and to have a p^iwerful 
deterrent influence on the evil-disposed; and the less the apparatus 
was employed, the more wuuld the object of providing it have 
been attained. In America, a cord under the ntof, and free 
circulalifiu through tlie carriages, do all that ia required; but ibe 
great difficulty to be (-ont«nde<l with in this eouulry, in any 
aitenipt to cnmbine eniciency with reasounble cost, cnnsiats in the 
neoesstty which appears to exist, not only for providing handles 
or instruments on the inside of each' ooiupnrtineut of every 
carriage for oommunicnting with the .servimta of the company, 
but also for counectlng those instiuments with outside si^uals 
to direct them to that part of the trait from which an alarm 
haa been giveu, and iu the eveui. of a false alarm to ensure Uie 
discoTrry of the otft-nder. 

And there is further the difficulty of enabling any servant of 
the 0')mpany to visit a compartment from which a signal may 
have been given while the train ia in motion, to sBcerUiu the 
cause of alarm. I have alremly adverted, anJ shall hereafter aay 
more iu regard to the daoL'er of permitting comniuuicaliou along 
the f'«>tbiianls of the cirriayes wliioh are in use on many lines, 
for want of Hpxce on either aide of the train. It would'uot be 
advi«.-ible iu many cases, or as a rule, U> st^p a train at once on 
an alarm bein^- ;;ncu; and I cannot couuijer that the difficulty 
would be satisfoctorilv met, even if the roofs of the carriages 
were on the same level, by coii9irueiiu{,' a tramway and oovei-ed 
passage, as It ts bveu proposed, aluu^ the tups of the carriages, 
through whicli the guard or a travelling porter should push bim- 
•elf baokwards and forwards in a truck in a rocliuiug posture. 
The only practical n^medy that remains is tn provide that when 
a signal fntin a passenger has been given, the servanU of the 
company shontd, If they have oo means of aacertainingtlie cause, 
and are unable to discover any gooil reason for immudinte stop- 
page. procee<) fnrward lo the next (jxud signals, and come to a 
■Inud under their protection. This would seldom lead to a 
■erion* dday in pulling np, and it wuuhl nukterially decrease the 
riak ofau unusual stopiragp, which is not slight iu some li«)iIiUes, 
and QDiler the arraogemcuui on which many lines are worked. Of 
course, in case of fire, or of a carriage lifing disabled, the train must 
be stopped at all hazards; but it will in other cases be wi«e to leave 
it to the discretion of the servaata of the comjiauy to stop their 



tmina aa speedily u they can do ao with aafety, under the elrcnm- 
stances of eat^ particular case. 

I annex an abstract of the proposals which bare been made to 
their lordships in official communications, and I shall next pro- 
ceed to describe the ditferent cla&ses of methods which have been 
proposed here and abroad for providing commuuicatiuu iu trains, 
and to make acme remarks upon them:— 

1. Bells, goD^, whistles, delonaling, and other sound signala 
on separate carriages, connected with outside indicators of difl^e- 
rent descriptions, to attract attention to the part of the train 
from which the sound proceeds. Such aignals rendering each 
oaiTiage iiulepeudent, and requiring no exti-a coupling between 
the carriages, would bo admirable iftbcy could be made efficient 
Bnt unfortunately, there is no cerUinty of their being heard, 
even from front lo rear in a long train; and they are frequently 
inaudible uuder the moMl fiivourablc conditions, when a train is 
travelling at bi^h epeai, towards the front Xhe rattle of a train, 
in passing particularly through cuttings, or tuunels, or bridges, 
is eo great as sometimee iu render the steam whistle of the engine 
inaudible to the guard iu his van. 

On this point the Clearing-house Committee of lHfi3 observe: — 
"The remarks made in a funner part of this report, when treat- 
ing of air whistles, prove that signals depending on Mjund, tf 
made at a distince from the engine driver, are as little to be 
relied on as those ilepeodiug on atght Several membera of the 
committee have at various times conducted experiments having 
sound for their basis; and the result has iuv:tribly been that no 
noise, Iiowcvpt loud, shrill, or continued, whetlier the aound was 
nmduced by compressed air, trumpets, or gun|>owder, wold be 
heard, even when the train was short, when there was a head 
wind, or when the speed of the train was cousiderabie." 

My own view on this subjeet waH confirmed by some experl- 
iiifule which the Ixjud^u and South Westorn Company and Mr. 
h'dinuiid Tattersall wuro gutnl euougli to allow me to make 
recently with bell signala fitted up au carriage* ou the London 
and South-Weotern Itiitway. 

Exph>8ive8iguals,al8o, would be liable tu fail, after lying leody 
perhaps for ye-ira, wheu they wei-o required for use. 

2. Separate sight signals ou each carriage, independently of 
sound. Signals of this class also have the acTvuntagn of requiring 
no extra coupling between tbo carriages, but it would be uecessnry 
that a servant of the company should he constantly and specially 
on the liMjk out for them, because the guards have luggage, 
(parcels, p»rjei^ to sort aud attend to on iheir journeys. It is 
further difficult to keep men constantly nn the alert in looking out 
for what is very seldom seen; and these sigimls would be in- 
visible in thick fog, or in the smoke and steam of a tunnel. The 
French Commissionera of 1 861 remark, pithily, with regard to the 
above two daoses of ■ignula: — "Lea Nos. 2, 3, 14, 24, consisteut 
dee appareils visuela ou sonores plncr-s »ur lea vultures dea 
voyageura. Nous demoutrons que leura sigoaux visuels ue 
seraiont point vus que leurs siguaux sonores ne seiuient point 
entendns,*" 

3. Mirmrt for the use of the engine-driver or guard, or both, 
or, as haa been propojwd, so arranged throughout a train as to 
give the ^uiud or guards the opportun ily of constantly overlooking 
the interiur of every carriage. These again, berides reauiring to 
be cotistiinlly cleaned on the journey, would frequently i>e nseleaa 
in tunnels aud fogs; and it would probably bedisagreeable to maaj 
paaseugeni of both sexes to )>e linblc to be watched by persons 
whom they could not see, evuu if the system of supervisian 
propoae<l oonld be rendered suitable for adoption in practice. 
Mirrors on the engine, or the van, must also, to be of any use, be 
extended to a more or less inconvenient distance beyond the side* 
of the train; and extra illumination would be necessary at night 
Neither the engine-driver nor the fireman, nor tlie guard, could 
be expectetl to ho constautly looking into them 

4. Apparatiu worked by the revohiing axiet of the tender or 
break vans, such as air-puin)>s or maguelic arrangements, are 
open to the objection that they requii« to be adjusted to extreme 
variations of speed, and would be iiKeloss when the wheels wer« 
skidded by the breaks, In sLiokcDlng speed or in descending 
steep inclines. It is further desirable that the machinery <? 
communication should be as far as possible independent in ita 
action nf the machinery in the train. 

i. Tubes thn>ughout the traiu for the conveyance of aonud \ff 
a whistle or otherwise, would require some better means ihab 
boa yet been devised for connecting the actimi, which leads to the 
emission of sound, with that of an outside indicator. The 
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eoapling!) might be mndn without ilifficnUy; htit it is a, question 
thftt aiu ooly he decldi'd l»y exppriineut, how far ihe ftcaud 
woulil be be&rd throughout the length of a long trnln in motion. 
On this subject, the Freoch pomiuinsion r^irark: — '* Ijf^ Noa. 17» 
26, SS ct 29, croiont a TodicacUti dv tuyatix aocoustugm*)* com- 
inuDiqttiDt sur toatc la lnng«ur tlu train. II eitt facile de 
demoulrer que oe Kystenie do comniuuication serait au coutraira 
eoti^rciDent incfficnce." 

Tub«4 for the cvtureyance of bnlU, as boa also been proposed, 
by a carrent of air geiierate^l by an air-pump on the axle of the 
break-vati, are op«n to the obJccUon already referred to under 
No. 4, and wonld nepessitate the keeping coDstantly in order of 
ftD air-pump on every break-vnn. This idea baa been worked 
out in a moiiel, ibo intention being that tlie fuuiengerA tthould 
tranHtiiiL ballji to the guanl in the normal stale of too curreutf 
and the guard itiould have the power of roTeralug the current 
to forward balU to the engine-driver. 

(To U coptiaued.) 



THB ERITH EXP1X)8I0N AND THE REPAIR OF THE 
THAMES EMBANKMENT. 

The following account of the repair of the breach in the River 
Wail, atErtth, caused by the exploRion at the pi^wder maj;azinea 
in October, 1864, ia from a paper by Mr. Lewis Moorb, read 
befor« the Society of Enginoera.* It atiould be atfited that Mr. 
Moore resided in the tooUily, and undertook the direction of 
the work of rpparntion. 

Thw finiit atep to repair the wall was to set to work the men 
who were fi>riuimtcly preRcni, in number about f'-rtr; these 
were set to puddle the rent>* ami dpe|» (insures in the !i"l^ ranaed 
by the explmled barge, and whidi were below low-water level, 
but were tt>mi>oi-arJly protected by the fragments upheaved 
around the edg*^ vf the hole; had not this been done before the 
water caue iutp the hole it could never have been got at again, 
and the whole sop«*n)trurtore, however solid, niont have ueou 
liuderniiiied and wtiRhml nwii^f. It may be renilily infurnHi that 
the Imuk's of (.|HT:tiiitus »ei-e nf the worst puanible description, 
Win^ liiutpa of earth and clay separated byiarge fissores several 
feet in leii;;ih, nud exl«ndiiig nndcr the iuieuded Jam. The 
next thing was lo smid for -uwiatauee from the nearest point; 
fortnnntety this M-as obtainable at the CrtiKsncss work.«, about a 
mile oU, and at Ihe garrison ni Woulwich, abunt four miies dis- 
tant trom the s|»'iL At alM>iii ten roinniea Wfore nine u'clock 
l)ie call w.iM |>r<>mptly re«ponde«i to by iliearrival from tiieCrogs- 
ness works f'f Mbi.ut 3^0 navvies, with their picWs, ti.trrws, &c., 
who came none Un> soon t'^ C(^)UipletH the |>oddliiignf this trea- 
cheroufi found.iiion l<efnre it wait covered by the tido. Between 
ten and eleven o'clock, 1j*}i>U millUry arrived, fully equipped 
with some ap|ir"priale irnplementa, and they devoletl iheomelves 
entir-ely to the bucking up with immense quantities of earth the 
works which the nnv^ien wen> puddling in front, thin) making it 
■uffieiently Mul«Lan1i»l — rurisiatenl. with speed and means at hand 
— In contend with the now r.ipidly riiniug tide. In this, as is well 
known, by a uinrifil strugcle, tliey only just succeeded — racing as 
U were inch by innh with tlii? fixing watem. 

The firht and i;r<-nli^<4t dilhctiUy that pr4>RPi)ted itself was the 
portion blown out by the b;irge in frout of the river bank, and 
nelow low-wuier, inasmuch ns the soil was very much broken 
Dp and disinlei^rated over a large area, and the time during 
Wliicb puddling cnuld be done wan exceedingly limited. An 
ermueoua Impresiiicin pr«-viitled among aome [wrsous present, 
tliAl it would be ncccssnty to dig out this p»rtion to a good 
bottom, in the u^nal manner of ciimmenciug the construction of 
a river wnll, and tho aiitbor had mui^h dtlbcuU}- in persuading 
them thai immt-dinte puddling of the tissures and broken ground 
below low-water mark wns the. only hope of succeeding, inas- 
much aa the culling a grip would have occupied nil the precious 
time to be emplnyed in filling up. This puddling was most 
important in oilier to pi-eveiiL pei'coUtion, the danger most 
necesasry to I* averted. Wlien the navvies ar-ived from Oross- 
oeaa, they were immediately set to continue this important part 
of tlte work,aud also the filling of the actual gap; it required 
some little lime to arrange the nnnilier of men to ailvantage, but 
being acDompaiiied by able HUperiutontlcnts, they were aoon 
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allotted to their separate works of digging cUy,— wheeling it to 
the spot, — and carrying water for ibe punning, where the clay 
was well worked with iron punnera. 

While the paddling, &c., was being vigorously carried od \j 
thia large furoe of men, the military arrived, commanded by 
General Warde and Colonel Hawkiiiu, U.K. The difficultv oif J 
immediately rendering available, without confusion, the laboor 
of all these men in so small a oompaaa, and on ihe spur of the 
moment, may readily be imagined. Willi tho greateet prompt- 
ness Colonel Hawkins adopted tho suggestions offered him by 
the aathnr, as to the method of proceeding. Several barrow 
roads were laid leading to the gap, numbers were employed ia 
digging and loosening earth, filling and wlieeling. The number 
of impTementa available for the use of the aohliers was^ of coarse, 
limited; but, nothing daunted, Uiey were formed into Un«« 
between the bairow ronds, and passed from hand to hand-J 
towards the gap the lumps of earth and clay dug up by tlu«»l 
the back, the whole of the clay and earth for that purpose havfag^ 
to be brought from a diaUuioe of GO or 70 yaitls by the barroirl 
roads ana by hand, the soldiers pikssing lumps from one to 
another from this distance, which, wheu deposited in place, were 
immediately punned down perfectly solid. Having to deal with 
some 20 feet head of water, it was neiVHwry to extend the widtb 
ofthedaiit at the base, which absorbed ao incredible amount of 
earth, tho width of the breach being I'M) feet When the tide 
had reached and filled the front hole, it was found that the level 
of the water was within 2 feet or 3 feet of the top of the pro- 
gressing work. The tide rising very rapidly, fears were enter- 
tained Okat suQiuieiit soil could not be obtained to enable tha| 
work to keep ahead of the tide At this juncture, the milttaryf 
produced a quantity of bogs used for making sand-bag batteries, 
a numtxT of nitrn were set to fill them with soil at the back of 
the work; these twigs were at tii-st being thrown in i'ldiscrimi- 
natcly, when tlie author directed ihat they ahoold be laid at the 
back of the puddled face in the form of an arch on plan, toj 
receive the horizontal pressure of the water. Theee bnga ^ 
Jaid in courseH, and punned so um to come in perfect oontactr^ 
By tliifi means the bank could be raised of sutbcieot strength 
with nbont one-half tho material, and the disposition of the men 
was so arranged as not to interfere with tho other parts of tbt 
work. In this way abfmt liOOO bags were used, and it waa 
sittiKfactory to fiud they answered tlie purpose admirably, but 
even with this assistance the tide was following the work very 
doBuly. 

.An alarm was now raised that the water was coming lu, and 
it became apparent that there was considerable percolation trnder. 
the dam — probably through the broken grouud upon which mJ 
much labnur had been bestowed In puddling — and making itaJ 
appttarauce many yards at the back of the work, it was difficnltl 
to arrive ai the treacherous point. This was most disbeartenii] 
by the knowledge titftt a small stream would soon iucreaee 
Dowly-made earthwork, and undermine the whole. The exertiona 
were redoubled ; but it is feared that these would have proved'l 
of no avail but fur the timtdy seltleniunt of the structure, and 
consequent cumpressiun of the snUtlmta, By this providential 
circumstance the leak was staunched, so that the settlement, 
apparently a source of great apprehension, proved really a mailer 
for c<Migratu1:iiiou. Sole attention was now turned to raising the . 
bank, and protecting the face from the wash caused by pai 
steamers. Timber breakwaters were hastily constructed 
floated in front of t)u> work, and this in a great meaaure pro- 
tected it from being nndorinined. By half-past one xhe tide was 
at its highest, and the baiik woa but a few inches above it; the 
structure succetufully withstood tho pressure of the water, bat il 
was evident to all that the backing up must be continued before 
the dancer was past, and the men, therefore, workwl on until the 
tide had far recrd*'d. A large staO'of men continued the opera- 
tions throughout the night of Saturday. 

On Sunday nmrning the hunk was found lo have settled some 
four feet, and, in consequencH uf high wind from the east and a 
heavy sea running, tUreaiening to undermine the worka, the 
author telegraphed to General Warde, for 5(JU sappers and 
miners, who arrived in time to reinstate the dam. The work of 
restoring the wall to its original condition, waa conlinuedJ 
through the month of October, and it is now as secure aa any ' 
other portion of the etubaukmeut. 

breaches of the river walls reclaiming the marshes from tfaa 
river Thames hive been frequent in times gone by. These hav 
uot arisen from causes similar to the one under ooosids 
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bnt from liigh tidei, defectiro aluices, aud evcu rot-hnlo«. In 
152T, tlio rivtrr miiilc an irruptiou at Planistcad and Kritli, nod 
so much luud wiis subrucrgetl that it wan oot nil rv^aliied until 
1390, ft matter of Bixly-tlu-ee yean. TbiB breach occurred within 
Haifa mile of the pre^teut nue, aud thert; ure now existing tmres 
of the eiisting eiubaiikmentH hy which it un-i reclainifd pii^re- 
meat, lu tlie tiuio of Uourv the Ki^jhth, thu iiianili(?ii of Plum- 
stead and Le^uea, uow the Wuolwlcii urnctiniDg ground, were 
suboiprged by the water coming iu fi-om the Krith breach. 
Bot the most recent, as well aa tlie mnst ioiporiaiit, was the 
Dageuliam breach, which «>ccurr«d in 1707, at a )Kiiut exactly 
op|K>»ite tlie soulheru ouLfall workii of the Ijoiidon newerngc. 
Coutiuued atlempta to etopthis (jtuiich werv made foreiKht y<^^^8, 
bat without 8ucce»s, wbeii Captain Pfrry undertook to reclaim 
it. At this tiiue the breach ie stated to have been ou one occh- 
aion 'jO feet below tow-water, or 70 feet below high-water, caunMl 
by the ingreu and egre«a of the flood and ebb tides. Captain 
Perry, it ia lUtetl, employed 3O0 meo fur 6ve years before he 
tacoeaded in stoppiug ihia breach, making thirteen years iu atl, 
daring which lime an immeutM quantity of the marahea wer« 
washed into the river, greatly obatruct-ing the navigation of that 
important highway. The meana he adopted wei-e, firstly, form- 
ing aluicea in the river wall to reduce the scour, by allowing frear 
aecesa to the water, aud after so <lotug he drow dove-tailed or 

grooved pilas from eilher HJde of the breach, proteeliug lh<>ui as 
«ent on with clay. The iucrenaed acour caused by ibJa im- 
padinieul threatened to deepen the chnnnrl so na to be beyond 
the reach of piles; and if the depth above niated waa correct it 
would have be<>n imposaible to havit NUi>oee<ltid by thia method, 
ao that the inference is that he cbusea sh.illower portion of the 
breach; curtain it ia that ho did succeed, although at a ruiuons 
coat. 

The Dagenham breach began wilh-the failure of a ahuce which 
bad been allowed to get out ufrepjiir, aud quickly extended from 
« gap of 14 feet, aud ultimately ted to the obliteration of a 
thousand acres of laud. Bnt that woa not all: about 120 acres 
were actually washwl away iuto the bed *'f the river by the flow 
of sullage, and the snil ho wa.<tlM>d formeil a bank about a mile iu 
length, reacliirig hidf way acrow the river. 

Perry, in luti work on Dageuhaiu breach, proceeds Uj explain 
hnw this aullage drivvu Iuto the river w.is de|K}8iledat (he mouth 
of the hreacii, and kbove as well as beluw it, iu the reaches of the 
Thamea. He remarks that the deposit had been particularly 
detriraeotal lu Knth Itmich; aud that even in Woolwich Ueach, 
as be bail becu informed, the depth of water waa letuicuiMl. All 
breaches, he observes, must be stttriided with a cuiiiii4lerable flow 
of sutlnge into the river. After mentiouiug brenchea that had 
occurred before bis time, including one in the levele of Dagen- 
luuu lieaui, not three yeans and a half stuce, and several near 
Dageuham since he had becu coacernud thei'e, he says, be altri- 
bates all such breaches not to any damage from the tides wash- 
ing down or ninniiig over the top4 of the bankif or walls, but to 
the bad workmau.ihip, dei-ay, or defect of the sluices or irnnks 
which are made for the drain of the leveld, &c.; aud he alludes to 
•luices made of wood ua a prevailing cuntom in KugJAud, and as 
generally inaecure and uDRkilfuUy placed. Ho recommends, 
tberefiire, a law to ubiige all «luicc« ou the banks of the Thames 
tu bo uiade with sloue, cemente<l with tarras. The rcaxona 
why they have not been made so, he thinks, arc, tirat, that men 
in England are not very willing to depart from the way of their 
fathers; and secondly, the matter of foundations. He argnes, 
however, that if the foundaliouH ware eouatruutwl nfter the 
manner of buihlings in Holland, the sluices might Ite formed of 
stone, or a aort of brick, ai in iioUand and Flanders, and might 
endure thousands of yeara. 

The greater portion of the land bordering on tlie Thames, 
iaelading the south of Ix>ntl«n, indeed, from Richmond to the 
Nore, is below the level of high-water, and reclaimed by walls 
varying bul little in their oonetrnctiou, the general cli iracter of 
which ui au etubaukmenl, the face of which is puddled with clay 
to • slope of :i!^ to 1, aud protccteil from the waah of the sea by 
ft stone face. In some cases, whera tlie steepuess of the bank 
oeoessilales a greater »Iope, the face ta stepped, aud at each fltap 
a row of stakes driveu to keep the atuue facing in phice. In cou- 
itraotjag these walla, a grip about 6 feet deep and 6 feet wide 
ia cat into the marsh to be reclaimed, on the site of tbe wall, and 
paddled before the bank is made, to prevent percolation. These 
walla and the necesuary aluices fur drainage require careful 
wfttchiiig, for auy portion failing would cauae a catastrophe equal 



tu the Dagenham or Middle Level inundation. Tbe extent of 
Iheae wallii or embankments is very conaiderabla 

It ia A very remarkable circumstance that the marshes ou tbe 
river side of the walla still unreclaimed, aud lermetl "salt 
manihes," are invariably at a level of high-water, whereas the 
land reclaimed is generally i feet or b' feet below that level. 
Whether the constant action of the tide raises the land subjected 
to it, or whether the absence of that iuflueuce allows the level 
of the marshea to subside, or whether it is due to both these cir- 
oumalances, is a fit subject for discussion; but, be it as il may, 
there is no question of the fact that they do so exist. 

Another material point for discussion is furnished by the sup- 
position that failure hatt attended the attempt to stop the recent 
breach, aud that the watera had regained poaseauoa of their old 
territory, some 7 feet deep at high- water over an area of from 3000 
to 4000 acres. Assuming this to be the case, the breach wottld 
be rapidly widened and deepened, aud, were the old system 
adoptd, the reclamation would occupy many years. It would 
be a work of from throe to (our times tbe uiogniludo of the 
Uugenhaiu reclamation; and on the authority of Lam bard, the 
laud inundated by the breach which occurred in lfi27, near the 
recent breach, aa before noticed, was not all reclaimed in sixty- 
three veara. 



b. 



HOBART TOWN WATER WORKa 

The irnportant undertaking for ensuring to the inhabitanta of 
Hobart Town and the shijtptDg of the Port an amnio snpply of 
purB water is approaching completion. The original plan of the 
works waa furnished by Mr. Gale. When that gentleman 
relinquished oflico, Mr. Bastow, who had been employed under 
him, coutinned in office, but he was succeeded by Mr. Grey, the 
preient engineer. The foandation stone of the tower forming 
]>art of the works was laid on March Gth, 1861. 

There are two main springs aud several minor ones, brought 
along ihe race to a point at the east end of the Orown's River 
basiu, which constituteaone source of supply; auother ii furnished 
by stre-auiB from two other creeks brought into tbe aame bailQ. 
From the llrown's River basiu, the water is brought into a 
receiving reservoir in^oodeii troughing, and from the receiving 
rei«ervoir the wnter cau be scut direct to townaa pure as tt comes 
from Ihe springs. 

lu times of !i«avy rain there ix not only sufl'tcient to snpply the 
wants of Hobart Town, but a considerable surplus. The esti- 
mate for a day's supfjly, iillowing 30 gallons to each individual, 
istfOO,UOO gallons; this Is an ample quantity, taking the popula* 
liou at 20,0(X): bul the present engineer has known water to come 
down at the rate of 5.000,* Kio Kiiltuns a day. During the last 
summer the smallest quantity tliat came down in auy one day 
waa 362,860 gallons, or upwards of is gallons to each person. 
The works iuclude a receiving reservoir and a storage reservoir, 
a d;im, flood-gates, a valva-house, and a hy-wasK. 

The receiving reservoir is a building with two divisions, ft 
little above the storage reservoir; this building is 30 feet by IS. 
The water comes into the weateni side, and thence flows over' 
inlo the easteril side, the two being supported by a mid-wall. 
Provision ia made for straining tbe water, in order to intercept 
leaves, small vegetable and insect m/itter. After the water haa 
passed fnjm the west to the east of the storage reservoir it goci 
to town through a lo-inch iron main. 

If there lie a greater quantity of water than the main will take, 
as iu the event of floods, it overflows from the receiving reservoir 
to the storagA reservoir. Near the foot of the outer slope of the 
storage reservoir the valve house is pl.^oed, Valves arecouneoted 
with the storage and receiving reaervoira, so thaffthe supply can 
be taken front either source; and the main (lO-incb} is coutiuued 
from tlie worka to the distributive reservoir at the top of Molville- 
streot. Flood gates are uouatructed at the end of the storage 
reservoir, aud for the purpose of admitting water iuto it, if 
desirable. Beyond the flood gates a dam is placed, convex to the 
stream, with openings for the p&aaage of the water, the object of 
the dam being to intercept trees or anything heavy brought down 
by floods, aud prevent their striking the flood gales. At this 
poict there is a oy-wash, that is the oreek is diverted along tha 
south shore of the reservoir, extending as £kr as the bridge to 
Gillou's qoarry. 

The storage reservoir is ftbont 4| acres iu extent, and ia esti- 
mated to hold 40^000,000 gallons of water. It mu originallj 
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formed by thmwing an embankrucnt acroaa the valley, (n tbe 
centre of which U a puddlo wall, the inner aqJ outer portiua 
beiug of earth. The wall is supporteU with curth ou vho tusule 
ami ouutde, sloping 3 to 1 on tlm iuside, and 2^) 1 oo the »utr- 
aide. The u>wer i^ erectv'l near ihe foot of the inner xlupe; id the 
tower are plaoed the valves, bo that when the sources of water 
from the spriaKS are iosufficieDt to supply the town, tho valves 
are opeued, aud tho reaervuir le brought iuto uae. 

Aft«r the works had proceeded tu a cortntn extotit the then 
engineer, .Mr. Grile, was aiixiouH to teitL tlieui; he tlierefore took 
advantage of a flood which camo at that time, aud opened the 
flood^atcM admittiug the water into the storage reuervolr. After 
the water had been io Uie reatirvulr fur two or three weeks, 
sjrraptoiuii of leakage were observed ou the Dorth-eaat side of the 
bauk, to such an extent as to render it desirable as a matter of 
safclj to withdraw the water from the storage reservoir. Mr, Gale 
about that time relinquished hts connection with the works, and 
Mr. Joseph Brady, aa enj^ineer cf Victoria, was coni^ulteil; tlmt 
gentleman ha%'ing visile*! the works proposed that a Ireuch should 
be cut parallei to the foot of the inner slope of the bank, Roing 
down tiiu rock and extending from side to side of the storage 
reservoir; and tliiit the inner ^ope uf the embtinkiuent .should 
be stoppetl, that the trench should he tilled with puddle, and 
the puddle cnn tinned up tho slope to the top of the 
bank. As these sod other B<Idilional works involved an expense 
beyond the original sum the oorpnrHtinu wire emjHiwt'red to 
bonow, ft further Act of Parliament was obtained aulhorisiog 
thoin to niise au addiUonal sum uf .£lU,OUU. The proposed of 
llr. Brndy was adopted, and the works carried out by Messrs. 
AndersoQ. Shields, and Co., whose contract for the pnrpo«o was 
accepted October I9th, IBrtS, S.>nje v.iriation from Mr. Bnuly's 
plan wss suggested by Mr, Grey, naiuely to pUce broken uietnl 
i»Q t!ie puddle to preveut tho sun and the wind from actiug on and 
cracking the puddle; and in order that the witter from the r'-^ervoir 
iui;{ht nut wa^rh over and beyond the puddle and undermine it, 
Io Iiip the puddle over the top of the bauk, so as to carry any 
water clean uw:iy; and stone pitching was placed nn the brokea 
metal, iuatesd of puddh; as pn-poaed by Air. Brady. In order 
also to prevent Ihe water from wauliiuguver the togw of the bank, 
there is a raised border of litoueH ml at right anjjleii to the inner 
alupe, sq that in the event of waves caueed ^ heav^ winds work- 
ing down the valley, the water might be Kept within the inner 
slone. 

It was originally intended to lake the water from the storage 
reservfiir through the valve liousu to lowu by a pipe laid 
through, and ai the lower purti<m of the embaukment, betweea 
the stornge reservoir and the valve bouse, but when the weijjjit 
of water came on the \i\\ie» (U-trich) they broke. An effort was 
then ma<.le lo drive a drift from the east font of tho embankment, 
bnl it watt uiiaucoessful. Tho objfctof the drift whhio get to and 
be able to rej^-'iir broken pipes; but us llie attempt diii not succeed 
it was abandoned, and the opeuiug was filled in. hecuurse was 
then had to n M-plniii; but during the repairs to the storage reser- 
voir it was fjund desirable to dispense with Ihe syphon and drive 
a drift, which was done. A drift was drivcu through from the 
cast side of the embankment to the ti<wer,and lined with timber. 
At the ea-it uf the drift a culv«;rt was built to support the fout uf 
the LMuVmnkment: and a propuseil extension of the south wiug of 
that drill is to form one side of tlip proposed by-wash. A (x^rtiou 
of the other sid» uf the proponed by-wash ia also built from the 
valve house M) or fin feet upward. 

By the action ufthefloud of June Id last year, the lower por- 
tion of the by-wush failed, and it in now prupoxeil to bring the 
water down in a now coiime past the valve Itoude in a mure direct 
maaner, the works to l>e of a aubstiiutial character. 

A. wa»t.t wRirsiti also to be constrooted, to bo executed in a 
mauuer Mimilar In the inner s1m|i«s of the embnukment, puddle 
upon steps <■>{ earth, coven-d wiLli bntkeii metal, on which stoue 
pitching will be laid. The fftlimaled cost of the work still 
■■eqiiired it vury mr>derate. Messrs. Anderson, Shield and C'u.'s 
contract, with estras for certain rep^virs, amounttHi to £0,^62: and 
he total co^t of the work done, atiil pro|iu»ed to be donK, will 
exceed the X0()tCN)O nutlii)riHeil t<> be b-jfrowe*!, but the sur- 

{>lu» wdl, prolMbly, be pfti'l out of the rates, without a further 
oan. When, however, the wai*Ve weir, the by-wash, and the 
sloped eiubankmcut down to the valve tiouse are tJuiMhed, the 
Water Works as a whole wilt he a credit to the city, and to those 
whi^, in spite nf dillicnliivs, shall have helped to perfect so nece*- 
avy and so useful u aohcme. 




APPLICATI0N8 OF GEOLOGY. 
Of all sciences geology has, perhaps, more ihan any otberij^ 
beea assailed as altogether an unprofitable study. A knowledge 
of tiie depositions of various rocks and strata, their relative ages, 
and calculations respecting the probable age of the world, has 
often been considered as practically worthleu; while ihe dia- 
covery of the existence on the earth, at period:) far antecedeot to 
the creation of man, of varieties of autmals tttat have become ex- 
tinct, has been looked on by many with doubt and suspieioo, 
because it was regarded as opposed to the Moaaic acoonut of the 
creation. Geology has, therefore, had to struggle in its progress 
uot only against the assaults nf ridicule, to which most scieocea 
are exposed, but it has bad to encounter the still more formidable 
weapons of bigotry. It ha* fortunately made a triumph.int staod 
against both. It has so far succeeiled in overcoming the objec- 
tions of the ministers of religion, that geology is now enlistetl by 
them in support of the fundamental doctrines of ScriplunU Irut^ 
and it has vindicated its utilitv by numerous valuable applica- 
tinna For the purpose of bringing before the public, io a 
familiar manner, some of the practical uses to which the science 
of geology has been applied, the council of the Society of Art4 
decided to apply a portion of the proceeds of the property. 
bequeathed to them by the late Dr. Cantor to the delivery of ft 
aeries of lectures on practical genlogy; and they appointed ProC 
Aosted as the expositor of the subject. The lerturee were 
delivered during the session 1S64-S, and they have juat been 
puhl'itiheil in »n expamleil form. We have only time in our pro- 
sdUt uunitmr to draw attention to this valuable contribution to 
practical science, which comprises, among other matters interest' 
mg to our readers, notices of springs and water supply, of cvmenta 
and artificial stones, and of stones oi^d in construction. W^ 
kIaU give a more extended notice of the work in the next namber * 
of ilio Journal. 

PREVENTION OF RAILWAY ACCIDENia 

TO TUS inrniM ov thi civil tiaiKna ahi> AKcniTaiaKa johkhai. 

Sir, — I lind same important remarks upon the above subject 
at page 105 d1 your last number, and beg to extract one of yoor 
statemfiils, and add a little thereto. You say that each train 
ought, an far as possible, to be provided with means uf " ft«lf- 
protectiun." In that sentiment I presume alt will agree with 
you. Tiie professed difficulty, however, upon the part of railway 
directors has been, that there has not, up to this time, been pro- 
duoed a practiail means of meeting the requiremenU of the case^ 
and not li;ible to be improperly uned by nervoua or miscJiieroiM 
persona, nnd which might not be the means of (n^neing g re fcler 
calamities than they were calculaied to prevent. However that 
objection may have applied to other plans, I am not prepared to 
show, but 1 submit to cnilwny directors that the followiog pUui 
Miill meet one reqiiiremeDt. I (luote from the catalogue of tbe 
Wevt Louduu Kxliihition, Floral Hall, t'oveot Gai'dsn, Na 760: — 

" Intercommunioattoo for tbe protection of pamiugera while 
travelling on railways. — This is to be effecced by cutting tfaeaut« 
iu the existing railway can'iagea, and causing them to lift up, like 
seals in the pews of chuixibes; ur tlie fwrt uf the seat which is oat 
the breadth of tbe doorway can be affixed to the dour, and k>> 
move with it. The doont at each end of the carriages will be, in 
part, glaas. The doors, as between the compartmenla, would be, 
in pari, perforated zinc. The nian is thus observational, conver> 
aational, and commuuicationai, applicable to existing railway 
carriages,at a light exponiw, and by wbich passengers are enabled 
to protect each other. The guard can al«> be communicated with 
by atmospheric tubular ari-angemeut, and the tickets cuUeoted 
while the initn i^i iu moiioti." — I »m, &c. G. B, Gallowat. 

a, Margarwt- street, C'avundiab-Rquan. 

1 . . 

Example* <^f Building Construction, No. 7A. — (Simpkin & Co., 
Londou.j — Iu this uuinber there are several very eicelleut exam- 
plea, which may be examined with advantage tu the aixhitectural 
student. We would notice those devoted to the np)M>r purtiuuc^ 
the lower of the NuwTowu Hall, Bromley, built fiMm thedesigiui 
of Mr. T. C. Sorby, architect. The details of two of the doorway* 
In Wi;fau and Cusher^s hup warehouse, in .Soutbwark and Great 
Guildford street, are bold, striking, and eUVclive examples; and 
tlie old mnoy- pieces from several buildings, de»igut>d and execute 
by Mr. H. J. Withers, are neat, effective, and inexpensive. Alb 
gettior we look upon thisaildition to this useful work ascaloulaied 
tu keup up its high reputattun. 
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WANTED: A NEW SOCIETY OF ARCHITECTS! 

Tbe gravitj, and porA<lveQturo tlie patience, of our r«a(Ieniwni 

moat likely uuil«rgo a ruda tihockf on their merely ^Inticing at the 

|<tiUe of this article. "SukIv," aome of tliem will exclaim, od 

Iteeiog it, " tliere la no lock oi arcbit^ctur&l eocieties in this Iciog- 

F'ddia: ve have in Lonilon alone the Inatitute of Architects, and 

thfi Architectural Awociation; and in the provina?^ there are the 

Architectural Alliance, the Miiuchester and the Liverpool 

Architectural Society, and the Bristol Societj of Architects; to 

i**J nothing of the Ecdesiological Society, and the legion of 

rdiocenn and archteological aocietiea, established all over the 

king«loni." 

All this, gentle niaderor readers, is unquestionably true; and 
yet, before we lay down our pen, we hope to demonstrate that 
there is eomethio;; wnnied still. The Institute of British Archi- 
tects is very veil in its way; but UtuUble as have been ita late 
I efforts for the advanceiueui of nrchitecttire »nd Its profcnsors, it 
Ijpiakes no way with the gCDoral body of architects; and inde.d, 
Imay be deemeft, with a few exceptions, to be mainly a 
r^nere ctub of London architects, to whose round table nil 
> oomera, who may happen to bo unnxcoptionjU citizens, 
willJDg tA pay two or four guincna a year, are cligihlo, without 
any competitive examination whatever. It is, in fact, a chartered 
dab of gentlemen, who are ■willinji to pay so much perHDiium for 
the plensure and improvement derivable from social intercourse; 
or for the Emtilicatitm of adding LB.A. to their names, nnd yet 
keeping aloof from their fellow-Feliowa and Associates all the 
^jeoT round; as more than half its members do. 

That, practicjiilly, the Institute does not answer the intention of 
its originators, and give promise of really hecomiuf; a club of 
BritM Architects, was seen by a correspondoneo that, about a 
yearsffo, occurreil between its ihen President ;M;d the Secretary of 
the Architectural Alliance, who mcilly pnjveil that, in niinibpr of 
I arcliitecu pracliiiing nil over the kingciom, the Alliance greatly 
i'oQtshone the Institute: and yet the Architectural Alliance is a 
r thing of yesterday cnmpared with the Institute; and is, moreover, 
J Ml unchartered Iio<ly. We tin nitt luiiise to inriuire the cause of this 
l,^ODialy: wc wish to proceed fui-tlier; nud suy that, neither the 
Institute nor the Arcliitectural Alliance are aa useful to the public 
and the archilecturM fraternity as tbey might be. As to the 
Archttf'ctural Aflsociation, it has acoomptished great things for 
arcliiteclural students and architects — we allude to it with respect 
and esteem: but, for the purpose we shall preiDcntly unfold, it is 
even wonie than the two other societies named: its members are 
continually coming and going; so that, at the present time, 
were the odil sci>re or so of Its original promoters, most 
of whom are living, to enter its rooms in Conduit-street, and 
join in a debate, the present members, who will themselves part 
oomnany in a few years, would open their eyes and moutlis, and 
atraightway inquire, " Who is lliat old fogey, who has risen to 
■peak?" The Association is, in plain terms, nothing but a nursery; 
—and a very fair nursery it ia. To become a permanent institu- 
tion, or focus of professional authority, its nature and constltntion 
would roquire remodelling in toto. A new member (generally a 
rjDung sttideut) enrols his name on the jVssocUtion; listen? to ihe 
papers periodically read by the members; reads a paper hiraitelf— 
perhaps half-a-dozen papers^ — nnd then passes out of the society, 
to run his course, either as an architect unattachn) to anv society 
at all; or, if he is doing well in the world, to figure for a few years 
MM a member of the Institute, nnd ultimately be " laid up in 
laveoder" on the moster-roll of (hat very safe, e.viy, and comfort- 
able society. People can't alwuys l»e rea<.lit)g j>apera at the 
Institute, or at the Associatiun; or uuywhcrc else. Architects 
' grow bald and grey, whi^U iauothinf;; but they attain toanacUve 
praotioe, which is something; and for \hh tliey cut reading papers 
•^nay ihoy do lunre: thev refuse to beur high office, and to ait io 
the preiiideiitinl cliaii fu Ituur them read. 

Nor is this diKMiutiiging state of things conBned by any means 
to the Institute of British Architects; it has been, or will be in 
the lonp rnn, the nonual condition of every society of architects, 
both nintrojtoIilAU and provincial, whose main province is tho 
mere reading and discussion of periodical e^avs, and the giving 
of amrvrmzrioni. These things are well ennugli in their way, but 
ther are better fittetl for the many amateur architectural ami 
' areoeoolngical aocictio than for an Institute of Arelntects; and, 
with all deference be it said, such things are not only better 
suited to, but they are better done by, amateurs than architects. 
Id proof of this one need only look over a volume of Transactions 



o^ say the Itoyal Institute of Architects, in which the euays 
contributed by amateurs play so considerable a part. 

Wo have said tliese periodical readings, &C., constitute thd 
main province of the Institute, and of the various other eodetiea 
of architects; nor can it be said that the other tasks to which the 
members devote themselves can be fairly regarded as anything 
beyond exceptions to the general rule. The general rule holds 
good; notwithstanding the praiseworthy students' examiuationa 
of the Institute, the useful class of design of the AaBociatiou,and 
the pleasant archaeolugicul trips of the Liverpool Architectural 
Society. 

The Institute, and the other societies in qnestioo, have uo- 
doubledlv done very much to populari«e architecture; but so has 
tho Ecclosiological bociety, and so have the many other societies 
of amateur architects. 

Now, whatweaskisthis,— Canarohitecta themselves do nothing 
louro to elevate themselves and the practice of their profession 
than club together, as do even amateurs, for the reading of papers 
and the giving of ocawjonal "spreads," or contertazioni ? Is it 
not a fact iu this year 1865 that, notwilh a landing the Institute 
and the other societies, any man may call himseir an ai-«hit*ct; 
keep aloof from all these societies; get flienu; practice as an 
architect, and boldly defy anyime to pr>ve (what may be an nn- 
questionabte fact) that heijino architect at all. If this be the case, 
which no one can deny, what is the real intrinsie uh? of a man 
being a fellow or an associate' of Ihe Insiiitite of Archilectsf Tho 
two titles or degrees indicate nothing whatever, save that their 
possessors are men well (o do in the world, or at least capable of 
subscribing a oertnin number of cuineas a year. The Institut« 
has done aomo goal in iU day; idbeit by dint of much " pressure 
from without;" but oertes, il aununlly does a deal of harm; if in 
nothing more tluin thiK, — it jumbles up the capables and the in- 
capahlas of the profession iu trul^ mittchievous chaos; elevating 
plain IHck So-and-so, who has a litile mouey and a sev<-n -year-old 
brass plate {"Mr. Richard So and-av, ui-chiteef^ to an ostensible 
level with every eminent arclijit-ci cii its roll of Fellows: e.g. Sir 
Charles Barry and Prof. Cocker' 11 were both Fellows of the 
Royal Institute of British Architect^; «» it Mr, Diek Sv^nd-n. 
Jfay, this is not all; he is a greater man by fur, and a more 
eminent architect altogether (for is it iiot written in the chroni- 
cles of the Institute i) than yuuder gifted, tiavelled, experienc«d 
man uti the back bcuL>hcs, architect of more and finer public 
edifices than Mr. So-and-so can ever hype to erect in bis whole 
life; for he, sitting behind Mr. Dick, is nothing more — '"poa my 
honour^ — than a {wtltry Associate of this ndmirahle Instltuta. 

Svtta foarn' prtcUro m^kM a F<Uow: 
" lilt nut it - losiher sad prandls." 

How can anyone, who reflects on this degrading feature of the 
constitution of the Iloyal Institute of British Arcnitecis, wonder 
tliatmureanrhitt-cts di> noieund themselves members of it? How 
can its cuuucil oomplain with justice that our practising provin- 
cial architects for the greater part withhold their names and their 
influence fmm a society — chartered, indeed, and capable of better 
things — which remains to this day, and bids fair to remain for 
many a day to come, n mere social club of Loudon architecu? 
The term, "British," is i>ure1y imaginary and fallacloos. To 
merit it, the Institute requires reforming altogether. Failioe 
this, there is uuqu«9tionaLly " H'untotf, a ruio Society of ArchitKt*. 

SouiMON Set-sqcahk. 



CONGRESS OF THE BRITISH ARCH.«OLOGICAL 
ASSOCIATION. 

Tns annual Congress of this Association was held last week ia 
the aty of Durham. Thongh at such a distance from Loodoo, 
nearly all the principal metropolitan members were preaetil) 
including tho venerable treasurer, Mr. PetUgrew, Mr. E. Boberts, 
Mr. Gordon Hill*. Mr. Planche, Mr. Thomas Wright, and Mr, 
Halliwell. The number of looel asaociates who joined the 
Congress was iiuusually large, espectatly ladies, and at the public 
dinner on Monday, the 21st. ult., there were mustered in the flne 
hall of Durham CaRtle at least two hundred. The proceedings 
commenced the same aflemoan in Bishop Cosin'a library on the 
palace green, which was crowded. According U> usual practice 
the president uf t&e previous year, I^lr. Tumliu, M.P., ought to 
have been present to meigu the office to his successor, the Duke 
of Cleveland, but be deputed Lord Iloughloo, who was president 
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at the Congress at Leeds, to discharge that duty. There waa 
Dothiog remnrkable ia the speeobea nor in the iiiau^iinil address, 
and tho only thing worth notice at the public diuner in the 
evening was a passage at arnu between the Bishop of Durham 
and Botiie of the officers of the Association. The Bisliop, a short 
time ago, gave offence LotheArchreologiRts by an alteration which 
lie had tnado in a piscina in the cathedral, the bottom of which 
he hod cut out and tilled in with a solid block of atone. At the 
dinner on Monday the Bishop, in responding to the toast of the 
Bishop aud clergj- of the diooeae, took occasion to give a rap at 
the arcliaeologiats for sometimes riJing their hobby too hard, and 
admiring objects simply becanae they are old. He alluded to the 
cburch at i>arIington, which he said had been disfigured in the 
recent reatoratioD by the rettntion of an old arch which was 
very inconvenient, auj rendered it n«nrly iropossiblo to read 
the comniunion service at the communion table. Ttiat arch, 
so far from being an object of beaaty and interest, wasa very poor 
pattern of a very ugly period. The passion of arcIiBeologista for 
things that were ohl. he observed, reminded him of a banqoei he 
once attended in his youth, wlien au enthosiaatic geologist 
invited him to partake of a jelly made from fossil bones, as a dish 
of surpassing excellence, because of the antiquity of its material. 
This joke was certainly ill-timed, and it called forth a response 
in defence of the archieologiats from Mr. Gonion Hills and Mr. 
Edwards. The Bishop was, indeed, misuken in the main point 
of his accnaatioQ, for the arch at Darlington church was not 
retained on account of it^ antiquity, of which it has not much to 
boast, but on account of its utiliy, for It was fonnd impossible to 
remove it without eudaogerintf the tower which it supports. Tlie 
Bishop, however, made amends for hia tinfounded attack and for 
his ill-timed joke by giving the members of the Association and 
visitors a liospiiable entertaiunient a<:< his palace at Bishop Auck- 
land, an Sittunlay. Feasting and excuraionlaiug too much 
occujiied the attention uf the f'ongreas, to the neglect of tho 
legitimate objects of the Association. Every day there was an 
excursion somewhere, and on four of the days the excursions 
were pliinnod wiili a view to being entertained by some liberally 
hospitable hosts. On Tuesday they were sumptuously treated at 
the Roman Catholic College at Ushaw; on Thursdav the Duko 
of Cleveland entertained them at Raby Castle, an<i he and the 
Duchess won all hearts by the vary kind manner in which Ibey 
studied the comfort and gratification of their visitors. 

On Friday Mr. J. Hodgson Hiude treated the inembors at New- 
castle, andonSaturday.aa already mention iid, the Bishopof Durham 
welcomed them with good cheer at Auckland. It must be slated, 
hnwe%-er, that the exciiniions were n^t limited in their objects to 
fifasLiiig, though not a few of tbuaa who took association tickets 
contiued their oxcursioos to the places where the entertainments 
were provided. Among the objects of aroheevlogieal iatareat 
visited and described on the spot were Lumley Castle, CJiester- 
le-Street, Lanchester Church, Fiucbalo Priory, Barnard Castle, 
Staiudrop Church, Tyneraouih Priory, the friaiV Monastery at 
Newcastle, the liomau wall aud Museum of Antiquities In that 
town, and Brauccpeth Castle aud Church ; uor must it be omitted 
to state that one morning was devoted to the inspection of tho 
cathedral and monastic huildiiigs uf Durham, under the guidance 
of Mr. Gurdon Hills. 

The paper on Baby Castle, read by Mr. Hodgson within the 
castle, was one of tbc most interesting, and the filasbing manner 
in which he attacked the modern iunoviitors, who hare entirely 
dastroyod the ancient beauty of tho interior, was quite 
"refreshing." The description, by Sir. Hills, of Durham Cathe- 
dral, and of Fiochale Priory, by Mr. Itoberts, formeil also impor- 
tant features of the Congress. Mr. Thomas Wright brought the 
excavations at Wroxeter before the notice of the Congress on 
Friday evening, slating what ha<l been discovered among the 
ruins of the ancient Komau city of Uriconium, aud what are the 
prospecta of further discovery, for prosecuting which it is intended 
to apply for a Parliamentary grant The proceedings wer« 
brouglit to a closa on Saturday tvcning, by a soiree in llic magni- 
6cent new Town-hall, where the members aud associates were 
entertained by the mayor and corporation. 

Mr. Jiodgson'a paper on iRaby Castle, and that by Mr. Htlls 
on Durham Cathedral, will be found iu another part of this 
sumber of the Joumiil. 



TJNDERSUNK FOUNDATIONS. 

TiMDKR piles are eminently unsuited for India, as tbey arvj 
soon destroyed by white aula. Iron, until very lately^ has never I 
boen much used on a large Kale, but undersunk foundations of I 
brickwork have boen in use for a very great length of time^l 
The natives were in the habit of making them in a reryl 
primitive way. The ground was cleared and excavated as deepT 
as possible wittinut uaiug shoring. The curbs ooosisted of a rti^H 
of iRusket work, or rough Umber in some cases, on these masonry j 
cylinders were built, ordinarily of splayed bricks Ui>l in UqaiaJ 
clay mortar. Wheu this reached a convenient height it vaaJ 
bound tiigether with hay i-opes. The well-sinker then got insidsJ 
and excavated the earth troni under the curb, until the cylinder] 
sunk to its whole depth: a further portion of cylindrical waltJ 
waa then built and suuk in the sanio manner, divers being ns«<|^ 
when the curb descended below tb« surface of the water; some- 
times a contrivance called a jham is used, by which the earth ia 
lifted, but it is of little use in any but sand fnuuiiation. When 
the wells were sunk to the nece.<«.try depth, thuy were slabbed or 
planked over, according to the material to bo pmcured. In thej 
Madras Presidency, wells for fouudiitious have been constantlj 
used. The Vcllore Annicut was so founded, as also St. Andrew^' 
church, built we believe iu 181S. 

When the K&si Indian Railway was l>eiHg constructeii it wa«j 
found necessary, or rather advantageous, to use these brick cyliif 
der foundations. European engineering skill made the following 
improvements on the native metlic^l of making and sinking 
The curb was carefully made of strung timber bound togetha 
with iron, the section showing a wedge end downwards; rertieal 
iron ties joined it to the brickwork, and prevented a separatioD. 
At certain heights rings of iron were budt into the brickwork, 
and vertical ties passed through them, thus binding the whole 
together and preveiiliug ouv portion of the brickwork from 
falling away from the rest, a disaster likely to occur without this 
precaution in quick and shiftiug sands. Again, wh«r« the iron 
rings wore placed, cnms horiz'>nlaI lias keep the brickwork 
together aud prerent the wells from bursting; when these had 
been suuk to the full depth required they were domed over, or 
corbelled out and in, to squares arched over, and arched over 
also fronii one to tho other. 

In the Jumna bridge the wells were partly filled with coDcrets 
and then built in with masonry, and not arched over at all, but 
we prefer the latter system, but it is often advantageous to fill 
the wells with concrete, thus each foi-ma a solid oohtmu; but in 
all coses we recncamend that thi» titling should not be built upon, 
preferring to ai*ch over fnnii iliB brickwork. The biickwork of 
the wells should always be of the very boat carefully-moulded 
aud well-burnt spliiyed bricks laid in ilie best hydraulic mortar. 
To clear out the dull from tlii^ interior, dredging machines are 
used with succetts, and can be seen at the Armenian Ghat, where 
Mr. Deuham, the district engiueer of the East Indian Railway, 
is sinking some welU for the new pier; these are eom«time9 
worked by steam power. A spoon and clay cutter are alao occa- 
sionally used. A new sand pump has been patented in Ensland, 
and one on the same principle ia now being made by Meaere. 
Mai-itlier and Edwardes, the Indian agents for the (patentee. 
The best means, in our (ipioion, of getting out the subsoil to 
lower the wells is by means of divers. Tliese men work with 
much mure accuracy and economy than any machinery can; 
wells ai-e apt to get out of the perpendicular, and n^juire careful 
excavation to get them straight agaiu. Mr. l>eiiham had Rve*t 
trouble on this acoonut, we believe, with well No. 1 on the How- 
rah side, hut overcame it. Indeed, this well is now sunk to a 
depth of 87 feet below rail level — perhaps the greatest known 
depth in the world — aud great skill and engin»ering kuowleilge 
was displayed in overoimiug tho many difficulties. 

We now proceed to moke a few remarks upon the differeci 
considerations which [(uide na iu designing bridgea apon well 
foiuidatious, the heaas of which we enumerated in a fornieT 
cumber— viz., t. To sink the wells until they rest ufmu rock or 
other good substratum; £. To sink tho widls to snch a depth, 
that there is scarcely any fear of danger from scour; 3. To 
make a cootinaotts barrier above and below, with a platform 
between, through which the wells (on which rest the piers) are 
sunk. With respect to bridges built on the first principle « 
would prcmibo that the following general rule holds good. whC 
practicable, wilhwells as well aaotherfouDdatioos— viz. thftt wfa 
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foondiog apoD rock, oo matter how hard, yonr mas«nrj ahoahl 
be mnk At leant 6 inchei iato the rock nt the shallowest part, 
and at least S feet into the most teaadous clay. 

When a good soil is fouml withio a reas<iunblo diataDoo uf the 
■arfaoe of a river bed, cotferdaiu * are geueralty made use of, aa 
in the case of the bridge over the river Adj.ii, oce of the prin- 
cipal rivera of Lower IlftiiiiHl, wbicli waa built iu 1854-55 by Mr. 
Sioley, now chief engineer of the Eiiai Imiinn liailway in the 
North- Western Prorinoea. The cofferdam was iu this case made 
ID three bays for each pier, and was comp.-'sed of brickwork 
blocks^ with Iwu pockets each, which were SHed with puddled 
day; between the blocks also it was made water-tight. 

rtie only instance we know of a bridge built on Cbia first prin- 
ciple were the bnd piers of the Kankan bridge at KnQ)pt«.-e, of 
wnich we will speak more hereafter. Here the wells were sunk 
through wuid iinlil they rested on aandatone rock, which shelved 
down at an antrle of 30*^. We fear these were not allowed to 
bite into the ro^, as the appurtenauces for aasit^tiiig in doing tldx, 
viz., Siebe's diving drwaetf, were hitnded uver to the Barraknr 
bridge, where the lute Mr. Powell tu!d uh they proved must 
usefal, indeed nece«sAry. 

The second principle of designing well foundations — viz., sink- 
ing thein lo such a depili as to obviate danger from soonr, is the 
«ue which has been most extensively used on the East Indian 
Bailway. Amongst the principal bridges otay be enumerated 
the Soane, which is completed, and the Jumna, which ia in pro- 
firesa. Jn the former ttto wells were, some of them, sunk to a 
.ceptb of 60 feet, and iu the Utter they are being sunk to a 
depth of 43 feet. 

We believe tliat in sinking one of the wclU of the Jtimua the 
raina of an old well were found, which interfered much with 
operations. It is pnibabit* that an attempt had been made in 
fiirmer years to build a bridge on wells somewhere ne.tr the pre- 
sent site. 

The third system of building on wells may be called the 
Madras system, as it has chiefly been nsed in that country. It con- 
sists of building a barrier or annicut across the rivor, b3' a line of 
continuous blocks above and below. In some cises the upper 
blocks hnve been only duok some 4 or A feet, and the lower onus 
little mure, between these (wo curtains is laid a platform of 
' Btooe, and below the lower an apron ts laid to prevent scour, a 
most. needful prvcaulion. 

It it evident that at least one, and if possible both lines of 
barriers should be c(iin|)Ieteil in one seoaon. We believe that 
the Kaiikan briilge Ht, Kamptee failed through this precaution 
not having been taken. 

We are of opinion that the two barriers and the platform 
between and Uie apron below ehould all bo built in one seaeoo, 
and be completed before a single well for the piers ia ooramencec 
upon. In designing a bridueof this description care should be 
taken to ascertnin tnat the oanks are deiermined at the line of 
your barriers, and that the water will not poeaibly turn the flank 
of yonr continuous wnll. 

In the Kaiik.-tu bridge above referred to, it was intcudcil to 
sink the upper barrier 10 feet and the lower one 20 feet. The 
wells under piers also 20 feet. We have not been able to obtain 
any reliable inforniatimi reganling the failure of this bridge. 
We think it a pity, as these (biuga should have thorough venti- 
lation, as a beaeuu fur the future.— TAe Calcutta Engineer't 
Journai, 



RABY CASTLE. 

Tbk following Rcconnt of lUby Castle, by the Rev. Mr. Ht>dg- 
•OD, WAS delivered at the Cougi-ess of tlie Bnttah ArcliRologicul 
Society. 

Mr. Hodgson said that, rich as the dluceae of Durham ia in 
objects of archieologicai interest, it is pre-eminently so in the way 
of ancient fortresses. Differing very widely in their situation, 
aise, character, coustructioit, and historical importance, extending 
locally ovwr its whole surface, and chronologically from the dim 
and mist enveloped days of the ancient UritoDA to the time of 
oar Kngliflh N'ero, when the castle-building of tho Middle Ages 
was at an end, they form, aa may well be imagined, a most Talu- 
able and In tructivo series. Conspicuous in their for4>most rank 
is R&by, now the grand northern seat of the Duke of Cleveland, 
bat dear to archieologiats as the cradle, the old ancestral home 



and heritage of the mighty house of Neville. Baby, pointing by 
its name to a Danish origin, itt first mentioned iu connection with 
King Canute, who, after making his celebrated pilgrimage over 
Qarmondsway Moor to the shrine of St. Cnthbert, there offeie«l 
it with Staindrop and the rest of Staindropshire to the saint. 
Bishop Flanibard wrested the rich gift from the monastery, but 
reaUired It again on his deathbed. It contiuned in the peaceful 
possession of the monks till 1131. In that year they granted it 
for an annual rent of four pounds to Dolphin, son of Cghtred, of 
the blodd roviil of Northumberland. To him most protwbly the 
first fitund'itinn of the manor might be attributed. Mnt whoever 
the original fonnder may have been. Dolphin's descendant, Robert 
fitins Slftldred, was at all events Dominue do Raby when early 
iu the I3th century he married Isabel Neville, by the death of 
her brother tho last of that lino, and aole heiress of that great 
Saxon house of Bulmcr, lords of Brancepeth and Sheriff Hutton. 
From their son Oeo^^y, who assumed bis mother's surname, the 
history of the Nevilles may be said to date. To his descendant, 
John Lord Neville, we owe tlio present castle of Raby. Broadly 
stated, the whole of tbe building bears the impress of one era, ana 
seems the realised conception of a single mind. How far any 
portion of the old manor was retained, or to what extent Its 
foundation may have influenced the present ground plan, cannot 
now be said. Compared with the work at Sheriff X/ntton, how- 
ever, we see a striking contrast. That magnificent structure, in 
after times the residence of his great grandHon, Richard IU., 
thongh a little later iu dnte, was still being rebuilt by Johu Lord 
Neville, in part, nt least, contemporaneously with Raby. The 
plan is there a very regular one, an oblong sqaare, with four huge 
towers of the same shape at the angles, and a gateway in the east 
front. So far as internal arrangements go, there is nut much to 
be learnt, but its huge si^uiiie mass, stark and gaunt, shooting up 
vertically to a vast height, is as unlike Rnbv in all respects ui 
anything of the sort can be. All things considere<l, it may fairly 
be coMcluiled, that while some portions of the older fabric were 
incorporated with the new, Raby presents essentially the work 
and ideas of one period. Us particular value in the aeries, tbete- 
fore, and that which diatiugmshcs it from the rest of the larger 
castles, such as Ainwjck, Warkworth, Durham, Prndhoe, &c.ris 
this, that whercHs they consist of Norman cores, which have, na 
usual, agglomerated to thcititiclves a hetorugenuous muss of build- 
ings of a later date, following more or less the lines of the old 
walls of enceinte, we have, or rather had, in it a T^rfect example 
of a I4th century caatJe, complete in all ita parts, without any 
appearance of earlier work or Inter altemtino whatever. Nearly 
every one who mentions Ibiby points one the ap|>arent weakaen 
of its site. But though certainly not set on a bill, it hnd yet 
originally other means of defence of which no notice is uken 
— viz., water, «hich making the place damp, no doubt, and being 
found practically unnc-ooesary, was drawn off. A careful exami- 
nation, however, will show that it must not only onee hare 
completely insulated the castle, but towards the south have 
expanded Into something like a lake. But tbe real defence of 
Jlaby lay beyond the mere circuit of its own walls and watera. 
They were to be found in the warrior spirits of its lonls, and in 
tho border castles of Roxburgh, Wark Norhnm, Berwick, and 
Bamburgh, which they commanded continuously as warden and 
governors, from the davs of Robert Neville, in the 13th centnry, 
to the time of Queen Elizabeth. 

Apart from the question of the site, the castle itself is of great 
streugth, and skilfully di8poM<l, The general arrangement is oa 
follows: — First, the ccnti-e nucleus, or castle proper, consisting of 
a compact mass of towers connected by shore curtains, and of 
which tbp block shape may be described as something between a 
right-angk'd triangle and a si]uare, having the right angle to tbe 
south-west. Next a spacious platform, entirely surrouudiug ihta 
central mass, then a lowembattled wall of enceint«, strengthened 
by a mout bouse and perhaps a barbican, aa well as by numerouii 
small square bastions rising team its exterior base, and then 
the moat. The south front of the castle being so amply defended 
by water, its structural defenceo were naturally less important. 
Quite unlike tbe other, it was, with the exception of the fl.'tuking 
towers at either end, nearly flat The first, or western of these, 
called the Duke's tower, ia very Urge and a(|nare, and of different 
heights, being in fact two towers laid together. Considerably 
in recess, a rather low curtain connected it with the end of the 
groat haJl, which, till latuly, rose up, tower like, bnt withont 
projection. Beyond, and nearly iu a tine, came another curbun^ 
short but lofty, and then the wedge-like projection of Balmer*a 
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tower, -which flnuked tlie whole tnwnrda the enat This Vnwer, 
which onnnBemnmtes Bertruiti Bulroer, one of Uie Saxou niices- 
toM of the Nevilles, hy two rniseil B'e in ihe upper alory, beiog 
somewhat of uuosual nliA]w — viz^x peulagOD, foriDOil by ihe appli- 
catirtu of .-111 equilntenl Iriaiij^loto a square, has given rise to cniu- 
nieuta mul cnnjeclui-es of the wildest sort. In all llic writtou 
nnU uuiivrilten accoiiutH it is thoti^lii ti^ 1».ir a strlkiug fencai- 
blauce to an ancient nrrow-hcad. No Nomion or Snxnn toners 
of tbe same nhape are known. Canute was connectetl with the 
place — Clieater was a Dane, the Danes tued arrows, and, auUimo 
Oondaiiou] the tower is Danish, and its huildcr wna the Panish 
King, It is sad to destroy such a cnptivuting theory; bat nrchi- 
tectnnU evidence is inexorable, and prove* the whole t<>wer, h-om 
" turret to foundatioD-Btone," to belong to an advanced period of 
tbe 14th century. An uuderuruund pMiwnge, there is Utile or uo 
doubt, extends from the substructure of this tower to a small 
blocked up doorway in one of the bastions of the wall of enceinte, 
above the lake, from whieh again there h reason to think antitlier 
Iraveraes its whole length westwants. They require exploring. 

Passing onwards, we come to the east or north-east front. Tliia 
ia a very fine work, extremely bold and vigorous, set thii'k with 
towers, and broken by deep re-entering angles into imraeDse 
masses. Thoroughly fortre«a-like and utiTilariaa in its character, 
without the least pretence of ornament, it ia a mivatcrpieoe do Icaa 
of artistic than conatiiictive skill. Beginning at the south-east 
anglcj we have, in the first place, the great pentagon of Bulmer*a 
tower, and tlie ahort curtnin spoken o? as connecting it with the 
hall siandiDg out transvptwise from the latter, and defending it 
to tbe east A little further on, and about, midway iu its length, 
the cbapel structure, tcnuinating in a lofty lower, perfnrra the 
tamo B«>rvice. Frojeotiug fmrn the lower part of this lower, until 
destroyed in mudoru times, was an advanced porttd. Again, at 
abont an equal distance, a third transeptal mu»s, terminating in a 
tower called Mount Raakelf, stands out from auil protects the 
liall, A short high curtain, extending between the chapel lower 
and U]ia lost, forma, at the same time, the limit uf a stuitlt coarl- 
yard, and a screen to that portion of the halt which Ues behind it. 
Mount lUskclf is the angle tower between what are, strictly 
speaking, the east and north fronts. It4 northern face and 
curtain fall buck deeply till they join the great square of the 
kitchen tower, which projects at right angles, and ia connected 
by a strong machicolated curtain to the vnst fabric of Clifford's 
tower, by far the largest in the castle, and of immense strength. 
This tower is planted with cnusnuiinate skiU. In shape an 
obloDg square, standing almo«t detache*!, and s?t diag<>uiilly to 
the north and weal fruntH, it not only completely flanks them 
both, bat also, from its chise proximity to the moat house, could 
either lend it effectual aid iu case of an itssault, or reuder it, if 
capturvd, utteTly untfiiable. 1'uming tlie angle of CHiFord's 
tower, we gain the west front. A strung machicolated curtain, 
teu'liog slightly westwards, connects it with a lofty tower of 
slight projection, and separated by a short wall Apace from the 
well advanced and di agonal ly-aet turrets of the great gate-hotise. 
A deep recess in the eleviiiion intervenes between the latter and 
otir starting- point — the Duke's tower— which stands well out 
Roainst and t«raiiuate« the whole. Passing tinder the long vault 
of the great gate-house we reach the oourt-yanl. Lofry walla 
etoae it on all sides with very pictaresque and fine effi-ct, the great 
hall lyiug to tlia oast. A central tower of beautiful proportion 
which stauds out at right angles to it shuts off a Hniallrr court- 
ynrtl to tbe north. The chapel, which is ummcstionnbly the 
earliest part of the castle, and thornnghly fortress-like iu character, 
dcteniiinea by its date the period when the geuernl work of 
rsconstruction and fortification began. Taken by ittielf it seems 
tobeatiout ViVi. John Neville's license Ui fortify, however, was 
in 137d, while the great gate tower looks at least of 143(), and 
might be much later. It would seem at first sight most 
improbable that both the chapel and gate-bouse could bo of 
one man's time, and yet I think I have satisfactory evidence 
that they are. The chapel, which louks much earlier tlian 
l'.ilQ, is, I make no question, really so. But what does that 
prove 1 Simply that it wns ImiU Wt'ore the license to creiiellate 
was taken out. The neiKlibouring estJite of Witton nft'ords a 
parallel example. There Sir Ril[di Ente commpiict-d his fortiC- 
catitins without a license, whioli, when giHuied, contained his 
panlon for so doing. 

After pointing to several parts of the caatle wh^ch confirmed 
his <ipiniou, Mr. Hodgson procee<led to observe — We have proof, 
therriuTe, however unlikely it might seem at first, that both 



chapel &nd gate-hoose were boilt under one and the same toatt. 
Another most noticeable point about the work is the entire 
absence of buttresses. Every tower and cui-lAin stands on its 
own unaided strength. The great diversity of design, especially 
as Keen iu tbe towers, should aim be noticed Without the 
leant approach to affectation or extravngance in any, yet, of all 
the nine included in the central group, tbereareno two which bear 
the faintest resemblance to each other. This variety snd beany of 
proiKirlion m its parts, and the admirable way in which they are 
eomliiued, producing, as they did once, a sky-line perhaps 
unmatched in England, are realty the glories of the castle. A 
perfect eimplicity and directness of purptise, with infinite ohangQ 
and play ofline, chsracterise the building throuehout, and stamp 
it as the work of a master. Modem alterations nave so obscured 
and destroyed John Neville's work in the interior that there is 
little of it to see. Still there is something. And altogtber the 
castle, as completed by John Lord Neville, seems to bava 
received no alterations of moment (romany of hisdcwTendnnls. It 
coutinucil their chief residence till 1570, ine year of the rising of 
tbe North, when, for his prominent share in that unhappy 
enterprise, it was forfeited, with all the rest of his estates, by 
Charles the sixth and lost Earl of Westmorland, of the house of 
Neville. -Riby i^ -timply without a history. A sudden auprise 
without bloodahud later, aftwr its purchase by Sir Henry vane, 
and a sort of attack later, when aomc lives were lost, but of which 
there is no account, sum up all its claims on that head. The only 
serious sasautts it baa undergone have been in modem timea^and 
by architects. The wretclied saeli windows which disfigure tbe 
south front are due, it is said, to Inigo Jones. Compared with 
what bus been done in more recent times, however, his work was 
hnrnileM enough. The real ruin of the place was commenced ia 
the last century, by making a carriage drive l>elow the great 
halt and chapel. To carry out that scheme All the doors and 
windows of the lower hall were destroyed, its fiat ceiling was 
removed, and a vile imitation vaulting euhstiiuted, whicn, by 
cutting off nearly 10 feet from the height if the great hall above, 
Utterly ruined it also. So, too, with the chapel, which, in order 
to get an equal height in tlie sham vaulting, was positively cot 
in two from iho bottom, while the advaDced work neyoud, with 
all its heraldry, was swept away entirely. And yet no terms of 
praise seem to have been too strong for this terrible mischief, Em- 
noldeued by it,o tiruwnday has followed snit. Thegreat hall, already 
curtailed in height, has bad, by the erection of a semi-octanguhu* 
tower, in place cf its original sonth end destroyed, full 30 feat 
added to its length, with what effect to its proportions may bn 
imsgincd, Its ^•iiind old roof, which was pulled down at the 
same time, has been replaced by Another, bearing no mannar of 
res«>niblauce to it, .tnd simply infamouri. In Bulmer's tower ths 
magnificent vauiti-d rouf w:ts destroyed to get unneossaary hetgfafc, 
for some wretched bed-rooms. But the chapel has &red worat« 
A course of wanton, brutal havoc has swept away nearly every» 
thiug ancient that it had. Though coped, all its window tracerT 
has been tarn away, the line t«ik roof ilestroyed, the carved 
piscina IkiwI pulled out, the richly panelled western end as well 
as the aedilia obscured or deutroyed, and the doorway, with tbe 
beautiful vaulted stairs leading to it from below, utterly 
anniiiilated. The work of tbe mnn himself, which ia below 
contempt, needs no comment. Other things might be mentionei 
bat i forbear. It is painful to bear witness to such atrocities, 
but the interests of the noble owner, as Veil as those of art and 
archoKilugy, nipiire that it shonld be done. So far as Itaby is 
now concerned, however, under thewi;ll-inftirme4lauileidighten< 
rule of the present noble duke, 1 think Ipannot do better thaa' 
coQclude by saying, in the words of the old motto of the 
bouse, " £«perance me cumfcrt." 
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WESLEYAN CHAPKL, DALSTON. 

( JTi/A (in Engtaviwj.') 

Toe design from which this building has been erected wi 
chosen from some half-dozen, nubmiltetT in private competitioal 
by an many architects. At the time the original design was! 
luadc, and, indeed, till the completion of the working drawiug^j 
no aide road was contemplated, and the front and interior wami 
both designed on tlie expeclfition, that the aide showu io the eo*' 
graving, would be built up within a few feet; so that the side as it 
now appears was both designed and tendered for sobseqaently to 
the building proper, and was not to interfere with tbe (Vooi ele- 
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Tiition, nor tlie desiga and ftrraagement of the iut«iior, ai origi- 
nally iDt«a'ie(i. The treatmeut adopiod was uwiiig, tbereforo, 
more to the origlnat requiromeote than the circamst&ncee aa 
they esiaL 

Th« baacm^at atnry, whitih in approached ffom the arcade 
nuiler the ilops to chapel floor, ia but alighclj below the gruuud 
luvcl, aod coQtaiQB m the froot portiou four doas-rooms, 
approached froiu eilher aide of a wide ceutre corridor leadiug 
from ihe seiuicirotilHr «udui) eulmuce lobby to the achonl-room, 
which occupiea the ceutre of the buitdiog, and is at a lower level 
and more lufty ihna the claKs-room at the front and chapel- 
keeper't rexideuce at the baek. Thedimensinns of the school are 
46 reet by 52 feet, and 14 feet high, aud it hiui all tho internal 
kpp«amDC^tid iidvaiitages of a twhu entirely above groaud. A 
aeptimte private eutranoe to the fixed pUtfortu at the back, is 
provided through a couimodiou^ committec'roorei, or veatry, which 
with ft living-roolu the wime siee, and a bedroom and kitcheu for 
the chajwl -keener, tliu ooHl-dtore mid hentiDg-rooiii, occupy the 
back portiou of the batteuieut story. 

The chapel floor is reached by two flights of wide stone atepti, 
atarliiig in theoentr(>nf and winding round i>itherside of tbeapsi- 
dal prujection, which formii thelt'uditigfeatureof the ex tenor, and 
iude«d gives the icey-u<>t« to bolh the design and arrangemfint 
throughout. This peculiari'y of the plan and architectural effect 
huB many advnniAgeis and la far from belDg the ofTspriuf^ of mere 
vhini and caprioe. Tlia acoiuoKxialion, the coiit, and the size of 
the buildiDg wt're all arbitmry. The Dumber to be seated iu the 
building necciuitated all the apace lieyoad tho building Itue of 
the street beiug devuted to the ch»t>ei profier, nud left no room 
for any iuterual tobbiea or stairca»e4: it became necessary, there- 
fore, to centralise all such tun tiers in as comp^ict a form as possible, 
occupying as little ground apace hb niigbt be out of respect to our 
Eieighnours' lights, and as little wall space as poasible out of 
cousiderntion for nur own, which with the prospect of beiug built 
ap oo both sidea, were of vital iiuportaoce iu the front. Ouco 
inside, auy part of the building is in direct c»uimunicatioti with 
the Htaircosea aud Undiuga. which are entirely firo-proiif in con- 
atructiou, wide aud apacioua, aud while oocnpyiog a very timall 
ground space, are ample aud convenient from their siutplicity. 

The chapel (whtcli, as tlie interior may form the subject of a 
future illuHtriiiion, we will uot farther describe) aObrds acoom- 
modatiou for 120O adults including the gallery; the luiaiffium 
allowanoe is iO inches, while the uiaxioium for each person Is 
23 inches, the ntinimiiui width of pews is 2 ft. 8 io. and the 
maxiiuuiu 2 ft. 11 in. fruin centre to centre. 

The mitterialit are exteruHlly, picked stock walling with yellow 
nuJuis if-nd while isutfolk discharging arches, with black and blue 
SiaJTonlHliire brick Utiidi*, all brickwork tuck pointed, tho ceno- 
rai dniutiuga B.ith stone, stone columns red MaosBeld, slates, 
blue aud red Bangor couutess's, and the windows filled in with 
tinted rolled cathedral glass in three colours. The external 
lamps and finials are by Messrs. Hart and Son; the irou railing 
and gates by Mr. Lucy of Oxford,; the general c^utractora wer« 
Ueasra. Dove Brathera; and the architect Mr. Bassett Keeling, 
uf Gray's-iun. Tho original tender was .£4WK), the addition of 
uruanienul sidr elevatiou, £\3.% and extra works introduced 
daring eonstructioD, jglOO; makittg a loud cost of iE4£3d. 



THK ATLANTIC TELEGRAPH. 

The second attempt to make telegraphic comniuoicatiun 
between England and America lias failed more completely than 
the first: for that cable, with all its faulu, was stretched from 
shore to shore, and for two (Uya messages were Lransmitted, 
though at n slow rate. The experience then gained, the increased 
koowleilge respecting the cooducciug power of pure cupper, the 
impruvdd mode of invidntion, the precautious taken in making 
the cable, aud the greatly superior appliauces to prevent acci- 
dent in laying it, have proved of no avail; aud it now lies broken 

i and onelrM, twu mile* under water, in the midst of tlie Atlantic. 

The misfortune is said to have Arisen from circumstances that 

might be gunrded agaiust on another trial, ami sanguine hopes 

are eott'ruined that the broken end may be raisecl and sjdioed to 

[ the reutaining portion scill on board the (irent Eastern, and thus, 
after all, ilie great nbjt-ct may b» accom|tlisbed by the means 

' already at command. We ho[>e ii may be so, but we do not see 
much ground whereon to rest confident expectation. Great oare 
was taken by tlie conductors of the undertaking to prereut any 



reporten for tbe press from being on board to give an inde- 

Eeudent acronut of their proceedings; and the diary that 
as been publiHbed, written by Mr. Russell, former speciat 
oon*espoudaut uf the Times, is admitted to be the account of 
a gentleman who is connected with the undertaking. U ia 
no doubt reliable so far aa it goes, but it omits several moat 
important points on the accurate knowledge of which alone a 
souud opinion can be formed of the probability of success, even 
allowing the cable to be regained, aitd extended unbruken from 
Ireland to Kewfoundlaud. Mr. Kussell gives a very graphic 
desoriptiou of what took placeou board thegreat ship, and of tbe 
niiuiy incidenta that occuired in paying out the cable, but he is 
silent altogether as to tlie rate of speed at which the signals were 
transmitted, and hs omits to mention the condition of that 
pnrtion of the cable that had been exposed to pressure at 
the botlum of the uea. The gutta-percha being compressible, 
it is natural tu infer tliat at the bottom of the Atlantic it 
would be compres^ into a smaller comjutss round the con- 
ducting core of copper wire, and that it would consequently 
be separated from the external wire rope. If llint were su — 
and we are led to suppose it must have been, by the rrported 
improvement in the insulation as the pressure increaHcnl — 
the strength of the cable would bp greatly dimini^bed by 
its separation into parts, aud the stretching power of the external 
wire covering would lie increased as compared with that of the 
core. It is importaut, therefore, to kuuw what actually was the 
condition of that portion of the cable on which it« strength 
mainly depended, and of that Mr. Hussell says nothing. It is no 
less important to be msde ac(iuainte<l with the success of the 
Httcnipt to increase the rapidity uf the sigunU by adopting a plan 
that appears the reversu uf that which it knowledge uf the ordi- 
nary couditious of the coiiductlou of electricity would seem to 
dictate. It is a well-established fact that the thickerthe conduct- 
ing wire the leas resistance is olfured to tlie transmiiiHicn of elec- 
tricity, and it seems moat extraordinary, on lookiug at a section 
of the Atlantic cable, that the inner cji-e inteuded to conduct tbe 
electricity should be so small. The reason for adopting so 
diminutive a conducting wire was this: when a wire covered with 
gutta-percha is immersed iu water, atnl a current of electricity is 
transmitted, it oecomea charged like a Leyden jar. The conduct- 
ing wire serves as the iuner coating of the jar, the gntta*percba 
acts tbe same part as tbe glass, and the water is the outer con- 
ductiug coat. Sucii a wire, when of great length, if cluirged 
with electricity rctAins the charge for some time; in the samo 
manner as a Levdeu jnr retains some [lortiuu of electricity after 
ranuectiou has been matle between the inner and outer coating. 
Thus, when an electric signsl is nent through a snbm.irine wire, 
part of the electricity is rutained by the gutta-[)erch.a, and 
obstructs tbe tranamisstun uf the succeeding signals, and some 
time is rei.Miireil before the wire iseufficientty free from electricity 
to enable it to do so. That was the cause of the slowness with 
which the messsges were transmitted through the first Atlantic 
cable — the rate of trniisiuisaiou being about two words per 
minute. To increase the rapidity of trnnamisaiuu, it was proposed 
to ioctease the thickness of the gutta-percha covering; for as a 
thick glans jar cinnot \\a readily charged wiih eleclncTty, it was 
uupposed that the thicker the gntta-ttercha cumpared vith the 
tii/je of the onnducting core the less would be the degree of reten- 
tion. That wjut fuund to be the oue on making experimenia 
with gutta-pei'cha uf various thiclcneBses; hence it was concluded, 
that by greatly increasing the thickness of the insulator, messagea 
might be transmitted through auhmarinu wires with litU» 
obstruction. The name "induction" was given to tbe reteutiv* 
power of the gutta-percha, and by giving it that name great 
advance was supposed to be made in the knowledge of the subject. 
Tbe qnestiuu was unfortunately taken up by mathematicians, 
who disctivered or invented fonuulae for determining the propot^ 
tionate thickoenaes of tbe gutta-fwrcha and the conducting 
wire beat adapted to pi^evpnt "induction." Tlie view of tho 
subject of suhnioriue telegiaphy was thus completely chaugad. 
It became a i|uestinu of chBr:ge and discharge instead of conduc- 
tion, and it wnM considered that the best means of establishing 
rapid telegi-aphic commuuicatiun was to dintinish the conducting 
wire to the Hmaltest size, and to Increase the iuHulating coating. 
On that principle tite two Atlantic cables were constniutei). The 
strands of coniiuctiiig copper wires were little thicker than com- 
mon bell wire, their insulation waa carefully provided for, and 
they were jirotecled from injury by an eitenial covering of wire 
rope, of which the insulator formed the con. The consideratioa 
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of the condactinf! pnwsr and atrengtli of the copper wire were 
eotirel^ 8acrLfic«>l to thnt of dlmiuuhiug indnetioD nnd inerttuing 
the rapidity of trfiDsinimiou; and it Ib nio«t ew^ntial Uie pablio 
should be iDformeti whether thnt object woa attnitied, for ai yet 
n-e are in igoomuce nf the rata of transmiasiou so far as ootn- 
maDicatioD wan maiutained. 

If the Btretchiug power of the eonductiog strand of wires were 
not equal to that of the outer wire rope, it would have lo hear a 
atnuu enough to break it at any moment, and we tihonltl like to 
b© correctly iufurmed whether the occasioiral inlerruptiouB to the 
000)01 uaication, altribuleJ to "defw-tive iusuhition," were not, in 
poiut uf faut, due lo the rnpture of some of the stmiids of the 
oonduclJDg wire. The necessity for parfecl insulation ia oue of 
the bugbeara of marine telegraphy. We have seen very distinct 
siguaU transmitted tbrongh entirely uDprote<Ttcd thin wire 
strvtched through 100 yards of water. The thicker the wire the 
less would have been the quantity of electricity diverted from ita 
OQurae; and it ia a problem we would snbmit to the math etna ticians 
la solve: if an auinsulated copper wire one-sixteenth of an 
inch in diameter traoamtta electricity acrosa LOO yards of water, 
what thickness shotild such a wire be to transuait signals from 
Ireland to America 1 At all evenU, it would I>e ah profitable a 
speculation an tlie coosiduration of the miniraunt size of wire for 
such a purpose. 

Ordinary knowledge of the property of conduction dictates that 
the principle on which an electric telegraph Co America should be 
oon&tmcted, is that of making the conducting wire of the greatest 
thickness compatible with the lloxibility required for laving it 
down. It waH suggested by Mr. BAkewelt, in a paper retul at the 
meeting of the British Assodation, ten years ago, that the 
conducting wire uf an Atlantic telegraph should Im essentially 
•elf-protective. The only eiternal protection it requires is near 
the shore, but at greiit depths in the ocean no external covering 
is oecessury. A telegniph of that kind might be eatablishe*! at 
oomfiamLively small expen-te, and it might be stretched serous the 
Atlantic with much less difficulty than an elaboratftly fabricated 
cable. It might be covered with a sufficient thickness of gutta- 
percha to diminish the speciSc gravity to littlo more than sea- 
vatar, for it is not necessarj the wire should rwt on the bed of 
the ocean. A wire rope made of the purest copjier, one quarter of 
an inch in diameter, well coated with gutta percha, might, there 
can be no donbt, be ext-eiided to America without much difficulty, 
and if such a means of commnnicatioD were formed, the electrical 
difficulty ot transmitting signals through it — if auysuch difficulty 
were foonrl to exist— would be aoon overcome. At all events, such 
a plan is more feasible, more in accordance with the known facts 
of the conduction of electricity, and would be vei-y much less 
expensive, thau the construction of a complicated heavy cable, 
tlmt can only bo laid down in the Atlantic under specially 
Ikvnarabla circnmstauces, and which depends for its action on 
the principle of charge and discharge, instead of on the conduc- 
tion of electricity. 



THE ROUND TOWEItS OV CHURCHES IN 
EAST ANOHA. 

Wb have before us the List quarterly issue uf the Journal of 
the Britith Arckaolofftcai Atrooiation, dated 30th June lasu Tills 
Journal, as many of nur readers are aware, is admirably edited 
and illuHtrated, and always contains papers of great interest to 
llie archeeologist and architect. The j.>art now before ns em- 
braces, among others, the second p.-irt uf a paper by Mr. Gordon 
Hills, on the ADtiqaitiee of Bury St. Edmunds: by Mr. Planohi', 
on the Earin of East Anglia: MS. collections relating to the 
County of Suffolk, by Mr. Wilton Rix: by Mr. Edward Roberts, 
on the Ruund Towers of Churches in East Anglia. Mr, 
Itoberts* paper is peculiarly interesting, and we tranafer it to 
our pages. 

With the exception of eight detached instances, of which two 
are in Berkshire, two in Sussex, one in Surrey, two in Essex, 
and one in Northamptonshire, the whole of this class of towers 
exiata in the east of England, and coiucidee ezacUy with the 
lioiita of the Saxon kingdom of East Anglia;* and attboagh 1 am 

* Tb97 sn, tiD««Ter, taaialj in 9iiS:>lk sud Kor&lk, tlicrv bviu but tvo ia Cim- 



not aboat to sttggest that, becansa these towers are all mUiia 
those limits, they are therefore of the Saxon e^^ yet it mav T 
that some uniioual iaflueuce had been exercised upon tn« 
buildings by the descent of customs from the earlier to tlie hitetj 
inhabitants; and 'the rarity of similar towers elsewhere, eveaj 
thongb similar materials abound, and other materials are eqaaUj.l 
scareo, would lead to some snch belief. I 

It has beeu remarked by Mr. Joh n Oage,* that the materials of' 
which these lowers ate construcleil are local: that is so. But it 
is equally tnie of almost every Mediaval work, except iu thft 
im|iurtiint ornamental stones, such as Caen stone (for which the 
Normans appear to have hnd a reverence}, and PurWck and other 
hiird, oolotired ma;->iltt!t, in the evirlier stages of Pointed architec- 
tore. There is, however, frum the paucity of building stone ut 
these counties, a suieular exception, for all the early castellated 
and other large buildings have nn almost univei-sal useof stona 
from Bamak in Northamptoushim for tiie ashlar work. ItSi>J 
earliest nse, however, so far as my own ob^ervniiim leitds me, wo 
about the year 1 l&i>or 11 HO; and from its sbsetioe in these tower 
and the churches to which tb<»y belong, some conclusions may ' 
drawn. 

These towers, iu some caaee, are built enlitvly of flinta, in others 
of flints mingle<i with the sttpia stone. Iu 84ime there ore slight 
indicalionn ^ the coursed being laid herring-hone f^ishion, but do 
more inducing mo to consider them Saxon than wnuUl the H'iuIa m , 
modern walls, which are frefinenlly hud at upposite iiiclinatious 
In all there are atxiul une hundred aud aeveuty-6ve uf thesafJ 
circular towers in Ent;Iaud, namely, one hundred and twenty-Qv*! 
in Noriolk, forty iu Suffolk, and ten iu other oountie«. I liavsif 
prepared probably a nearly complete list of them-, including i 
which have been destroyed. 

In Sdrhet: Lower Tooting. 

In NottTHAitiTOMSHiRB: Stanwick. 

In Sussex: Piddinghoe; 8nnth Rase. 

In Bkbkshire: Welfc»ni;t West Shelford. 

In Essex; Great Leighs; Sonth Ockendon. 

In Camuriduesuire: Bartlow; Snailwell. 

In SurroLK: Aldham, St Marv; Ashhy, St. Mary; Bnrsham. 
Holy Trinity; Baywju;! Beltoo; Btuudeatnu, St. Marv; Bradtiela 
(detached); Bratlwell, St. Nicholas; Bram6eld« St. Andrew 
(detached); Browe, St. Mary; Bnnsy.ird, St, Peter; Bungay. 
Holy Trinity; Burgh; Fritl'in,§ St. Edmund; Frostenilen, All 
Saints; Oisleliam, ilidy Trinity; Uuoton, St. Peter; Hnskelon, 
St. Andrew; llengrave; Herfingfleet, St^ Margnret; Holton, 
St. Mary; llkc'tahal, St. Margaret; Little Bradley, All Ssinta; 
Little Saxham, St, Nioholns; Lonnd, St. John R-ipiiat; Mettiog- 
ham. All Saints; Mutfont, St. Andrew; Klckicghall Inferior, 
St. Mary: Uisby, St. Giles; Ituahroere, St. Michael; Southelm- 
ham, All Saints; Stuston, All Sjiints; Svleham, St. Mary; The 
borton, St. Peter; Thurnham Pnrvn; rhoringham, St, Peter;'' 
Tborington, St. Polor; Wcjbrcad, St. Andrew; Wlssett, SL 
Andrew; Wortham, St. Mary. 

In NonriiLK: Acle, St. Edmund; Appleton, St. Mary (a rain); 
AsUoton, St. Michael; Asmaubaugh, St. Swithen (rebuilt IS4S}; 
Aylraerton, Sl John Baptist; Barmer, All Saints; Bnwburgh, 
St. Mary and St. Wolstan; Bedingham, St Andrew; Beecham^ , 
well, St, Mary; Beeatnu, St. Lawrence; Beaaingham, SL Mary}| 
Bexwell, Si. Mary; Brampton, 5c. Peter; Bratideston, St. Nicholaai 
Breccles, St. Margaret; Briston, All Saints (taken down 1724)^ 
Bro«ike, St. Peter; Buckingham (Old), All Saints; Burgh (rain);; 
Burlinglmm, St, Peter; Burnham l>eep Ihtle, St Mary; Burnhaial 
NortJju, St. Mauaret; liylaiigh, Virg. Mary; Cation, St Margaretf 
Chipficsby, St Peter (ruin); Cocktcy Cley, All Saints; Coluey. 
St. Andrew; Cranwick, Sc. Mary (said to be of the time of 
narold): Cmxton, All SainU (reconslrucUsI iu 1826 of the soma, 
mnteriaki); UUIiam, St Nichols; Earl Fnimingham, St Andre* 
Eucles, St. Mary; EdingthiTpe, All Saints; Feltwell, >t. Nidiolas^ 
Fishley, St Mary; Forncett, St. Peter; Freethoi-pe, Ail Saints);] 
Frittoi), St. Catlioriue; Gaytou Tliorpe, St. Mary (with domeU 
Geldeston, St Michael; Gissing, St. Mary; Oreshatu, Alli, 
Saints; Uwldiscw, St Mary; Utiles, St Margaret; Hurdler, 
St Maraaret; Hjvrdwick, St Margaret; Hautbois (Great), St 
Theobald; Haveringland, St. Peter (a ruin); Heckinghau, 8L 



* &rshwdaitis,xxtii..T. 

t BM srdwobincal Jotmal. vol i«l. p. 34S,terraaiartionUili(^anfc. 

: Ubera tbs dodk^lb ■ du not nitpear, it la l» woo aSM* tMMwnw Uw chs ni fc l Sft 

dliaMdand rabutu. and I bare b««&aa)ibl«M aMwnsinlludwUesUaas. 
t SucUiaj, Hint, snffolk. 
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Gregoiy; Hembt Jngton, All SainU; UiUm^a, St. Joho Bapti»l; 

Honey- D«&t-tbe-Sen, All SaioU; Howo, St. Alary; lugworta, Sl 

L&WTeoce (said to be oflbe time of Kufu^.^fell iu 18^^}; 

r iDtwoudt All Haiota; Keswick, All SnlotA (a rnin); Kilvunitoiii 

IKlrbjBeftilon, St. Alary (aruiu); Kirtiy Cuiiu, All S.-uuiti; Lether- 

HbttWtt, 8t. Andrew; 'Lexliaiu (EnsO- St AudnfW; (West), Sl 

iKiobnUa; Msntby, S3. Peter nuil ?aul: Miillaske, St. FeUsr; 

Merton, St. Peter; Moruiiig Thorpe, St. John R.i|itist; Morton, 

St. Margaret; Moultoa, Sl Mary; Nee<lhaiu, St. Peter; Norton 

Subeoarse, St. Margnret; Norwicb, St Beuediet, St Ctbelred, 

St Julian (saiil to be fonuJetl before the Co[iqtie«t), St. Mary 

Cofllnny, St Paul; Pickeubom, All SainU; Plumstead, 8t 

.Gervase; Poringlaod (Great), All Saiuta; Potter, St Nicholas; 

t'Quiddenham, St Andrew; iiaveui ogham, St. Andrew; Kepiu, 

8t Peter; iliagstead (Great), Sc. Peter (oliurch taken down 

1771); Rockland, St Peter; liotleaby, St Geoi-ge; Rougbtou, 

St Mary; Hoyiiou, St Kemigius; Ruuball, All Saints; 

Raahatl, Vlr^nn Mary; Rytnir^li .Ha-tiih, Su Andrew; 

Sei^ford, St. Mary: Seething, St. Murgaret; Sbfirerord, St 

flfionnlas; Slilmpling, St. George, Snoring (Little), St Andrew 

(detAchMl); Somertoii (West), St Mary; Stanford, All Saints; 

Stockton, St Micbawl (with a spire); Study, St Mury; Strattoii, 

^ St Mary (short Mpira— church said to buVH been rebuilt l:}:tO); 

IJBorliagnan), St. Mart'; .Sustead, S3. Fetor and Paul; Swuiui)thor}>e, 

TtJt. Pater; Syder8ti>ne, St Mary; Tasebargb, Virj^in Mary (aaid 

to bav« been rebnilt in \:^^<0); Taverhnm, St Bdmund; Thorpe 

aexiHaddiacoe.StMatUiiHs; Thorpe Abbotx, All Saints; Threx- 

ton. All SaiDta; Thwnite, AH SainU; TichweJI, St Mary; 

Topcroft Sl Marpiret; Tuttington, S3. Peterand Paul; Wacton, 

All SainU; Walton (Kast). St. Mary; Walton, St. Mary; 

Welbnnie, All Sainta; West Dereham, St Andrew; Wickmere, 

St. Andrew; VVitlinjfhMu, St Andrew (ruin); Witton, St. 

Margaret; Woodton, All Saints; Worthing, St Margaret; 

Wramplinghau, SS. Peier and Paul; Yaxham, St Peter. 

OcLigon towers are not incladed. 

I hiLvo more partrcaltirlr gone tbroogh the dedications, be, 

raase, had there appearerl Sason or Danish saints among them- 

-St would have led nie to make some reeearch into those particnlar 

l«ues in onler to ascertain if there had been earlier bnildings to 

KOOODQt for the popular belief in tlieir Danish or Saaon origin. 

The dedications appear to be as follow: thirty-six to the Virgin 

Mary, twenty-eight to All Saints, seventeen to Su Andrew, 

[thirteen to St Xlar^piret, uioeleen to St Peter, eight to St 

Nicbolna, fonr to St John the Raptist, four to Holy Trinity, fonr 

to St Michael, four to SS. Peter and Paul, two to St Lawrence; 

, and one or two each to St Gervase, St Giles, St Kdmnnd, St 

iCatherine, St George, St Remigius, St. Julian, St Benedict, 

,St. Gregory, St Ethelred, St Matiliiaa, St Theobald, St Swithin, 

and St. WoUtao. 

These are those in Norfolk and SafTolk, the others being in 
|IDoet reapecta very diMimilar. 

Several lucnl and other writers hare hazarded conjectures on 
the subject of the d;itea of construction. Britton considered them 
Danish, and nil writers tip to Mr. Gage's titue appear to have 
entertained no other opinion. 

Until within forty yearaofthepnweat time, all early round-arched 

I work voB called eithifr Danish or Saxon. Mr. Rick man, in 18^ 

L^nt attempted to promulgiiie the truth; hnt in doing so ran to 

the oppoHite extreme, and refused to believe in anything earlier 

than Nonuan. A more critical and exact study hits aince 

prevailed, and I biiti«ve we are now nearly approaching the rt^al 

^chronology of these worka by a rigid compai'ison of records with 

the remains in existence. 

We have seen how these towers canae to l« consiilered &a 

Bxiuah or Saxon. In 1829 Mr. Ga?e, then diret-for of the Society 

I of Antiquaries, endeavoured to dispel that pi>,<ular deluion as 

IregardR these towers, which Mr Rlckmsu bad been doing a few 

E^renrs before as regards mediasval arctiitectnre iu general. In a 

f dear and (lerspicuons paper he disposes of that part of the stibject; 

and I have uochiug to object to, nor to add tothntoomraunication, 

which hsa been printed;* but further obaervntions and increased 

mettuaof forming a judgmentenablo me to supplement that acconnt 

I have fouud that these towers, though varying from 7 ft. 7 in. 

{nterual diameter (Mettingbam), to 19 feet (Wortham), have 

walls abont 1 feet and 4 ft (I in. thickf with only one eutmooe, 

• irtAado^ laxUl. pp. Mr 

t ■MpsTeu an unptuo, lurisf nrr lUa VkUi, bat II kssbeco nltaUt, u tanid, 
!■ tki fti«rt«aiUi tMbiUf, 



namely, at the east, and therefore from the body of the chnrch 
The windows, ^here they remain oualtered, are either eronll 
circular eyelets* or narrow loop-holes, with plain semicircnlar 
arched beads, pierced out of the stone, and mostly with 
chamfered edges. Other windows have boon imierted at 
every age since; aiid also, with few exceptious, either 
the churches have been rebuilt, or have been attached to the 
towera. The upper stages also, or parapets, have t^eei; rebuilt, 
moHtly uct:iginmi. In only one instance, that of Fritton tu 
Suffolk, havti I found what I believe to be the type (nearly com- 
plete, tboujfb enlarged by aisles) of all these buildings; thotigh 
the tower is not remarkable except for its dilapidation, the severe 
cracks beios merely filled up with cement The church has a 
nave and chancel of early form, 51 feet long internally, and 
U feet wide. This has since been widenetl to 21 feet; but the 
original wa.i but 1 1 feet, as stated. Tlie east end is apsidal, and 
very perfect It has recently been restored with some care 
One jwculiariiy exists here; and, so far as T know, only In one or 
two other churches. It la the "tapering" of the plan from went 
to eaal.t The chmicel itself is vaulted, and also diminishes in 
height towards the east 

All the other churches are equally Bimnle parish churches, 
flucb as were common in the Norman periuu.!^ 

The tower of Wortham Church is remarkable for its magnt- 
tudf, (lud for ihu Buts-off. In that of Herringfleet we have a 
lower which, in its whole height, appears to have more of the 
original than others. It has the Nunuan billet-molding, as well 
as a centre shaft to the window of the upper {tart. This window 
would in many cases be termed Saxon, even in the present day; 
but how a Saxon upper story, such as this, couM have been 
placed on a purely Norman substructure, I am not prepared to 
say. Tliere are instance)*, it is true, of earlier work with later 
work both beneath it and aurmonutiug it. St Mary's, Leicester, 
baa the nave of Norman work, pierced below with twelfth cen- 
tury arcades, and with still later walling over the NortnaD;§ bat 
a circular flint tower can scarcely have been underpinned iu the 
same manner as a plain wall could be. 

Tlie ooncluBioMH then ni which I arrive ate these: — 

t. That in most ca^cs the churches have been destroyed or 
rebuilt while the towers have remaiued. 

i. That the towers were probably built by one claas (or lodge) 
of workmen, and are all of nearly one age. lliey have precisely 
the same characteristics — itimilar in material, shape, and (with 
one exception) size; and are without slatrcasea. 

3. That they were built for use as bell-towers. 

4. That thoy were erectcil about 1100 to 1150. If they were 
of earlier dale — and no doubt there is ver^ greai difficulty iu 
determining their date from the mere walhng — I should have 
no hesitittion iu saying that idl the towers had been originally 
detached, and that churches had been built agaiutt them; and 
that all tlie principal openiagn bad been made subsequently to 
their first erection. I cannot say that I incline it. this theory; 
bat I see no alternative than to adopt one or the other of these 
viowa. I think I have given a oorreet explanaiiou; but aa rub* 
ble flint^work ahowu no marks of age, it Is just possible that 
some of the towers may bo of eai-lier date, without showing it, 
than that at which I have placed them; but in that case they 
must have been subjected to the several vnrijitious and additions 
I have named, and this 1 do not think probable to that extent 



BIUTiSH ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE, I860. 

Tnn thirty-fiAli meeting will commmeDtM tn Birrningham, on 
Wednesday, the 6th of September, under the presidency of 
John Phillips, Eb.]., MA., LL.D.. F.R.3., E.G.S., Profaaior of 
Geology in the University of Oxford. The geueivl secretaries 
arts William IIopkinB, Esq., M.A., LL.D., F.RS,, St Peter's 
College, Cambriilge, and Francis Gallon, Esq., MA., F.Ii.S., 
F.G.S., Ai, Rutland-gate, Kniglitubridge, Loiidun; the asstslnnt- 
genend secretary is treorge Griffiths, M.A., Professor of Experi- 
mental Philosophy in the University of Oxford. 6, Park-villas, 
Oxford; the local secretaries for the meeting at Birmingham are 

* Eut FruDloftuus sod Bav«. 
I rrkuiiD|tiiua Kftri hu a Upartsf chsaesl 

; Si. Marrrutluf, Mor«idi,kp«tiapitlMaly<xo*p(iMi: bsl ss IbM dumb wis 
cebaUtiD Uif ruurteMilkeralttr7,adflnaolsibeltb««w*tiM. 
I Sm aRbsMlaflcal JQinwl, ml. als. p. S4T,litfsd«taa«ddcBcrip(laa 



300 



THE CIVIL ENGI^■EER A^D AFX'HITECT'S JOURNAL 



I 



AViltiiifD M.Httlietrs, Ku^ Jan., F.G.S^ John Henry GhAmheiljuii, 
Ewj., and the Rev. G. D. Boyle, M.A., Chrim Chorch-buiiiltugi*, 
Birn]iti;;)iHm; nn»i the looil treasurer ia William Holliilny, Enq. 

The fullowiu^ nre the &rniii^aietit«:— The getienU ooinujittee 
wiU meet od WetluewJAy, the 6th iuHUDt, at one p.m., fur the 
elocliiu of B4>ctionHl otticcnt, and for tho dispatch of bnsiuew 
usually brought befort) that body. On this nocaaion there will I>e 
prcfacnlcd thu re|>nrl of the council embodying th^ir pntcuudinfjA 
duriug the pfuit year. The gcuonit oumiuiUiHi will meet after- 
irarils by adjoaniDieut 

The first general meeling will be held on We<lDe9dny, the ftth 
instant, at ei^^ht p.m., when the pivsideni will deliver an ad- 
dress. The concluding niMtiog on Wedneedny, the I3th, at 
three p.m., when the Aaaocintion will be adjoumed to its uexl 
place of meeting. 

At two bTeuing meetings which will take place at eight p-m., 
dfMoar«e« on oertiiiu branches of mcience will be dullveied. 
There will aJao be other eveaiog raeeiingtt, at which opportunity 
wilt be afforded for general conversaiioo among tho members. 

The committees of sections will meet daily, from Thuraday, 
the 7tb, to Wedneeday, 13th instint inclnaive, at 10 a.m. pro- 
cisclv. The nectious witi mHct dail^r, fraiu ThuriHlay, the 7th, 
to l^iesday the 12th, inclusive, at 11 a.in. prociaely. 

Reports on the progress of science, ami of researches entrusted 
lo iodividunl!! and committees, and other coniniuiiicatious iu> 
tended for prettentiition to the itectiona, are expected lo be for- 
wfirded iu lettora addrvsaed to tlie auiataDt-geueral secretary, at 
Bit-mincham, previous to tho meeting, accompanied by a state- 
meut whether the author will be present, and on what day, so 
that tho bu«iuesa of the sections may be aatitifaclorily orraiiifed. 
The reports complete, and concise abetrHCis of other cnmmunica- 
tioutt, are to be delivered to the secretaries of the sectious before 
they are road, previously to the cloae of the mceiiEg, for publi- 
cation in the 'I'raiiiiac lions.' 

The following are the titles of the aecUooa to which couirauui- 
caliooH may be pre&enteii:^ 

tSecliou A. — Mathematics and Fhyiioa. 

Seution R — Chemistry and inineralngy, including their appii- 
calious Lo agriculture aud the art«. 

Section C. — Geology. 

Section D.— Zoology and Botany, including Physiology, aal> 
flection D. 

Section E. — Geography and Ethnology, 

Section F. — Economic scieuce and Staiiatica. 

Section G. — Mecbauicul scienoe. 



FINCHALE PRIOBY. DUBHAM. 

At the recent Annual Congress of the British Archaeological 
Attociatiou (reportetl iu another part of this month's Jourunl), 
the members made an eicursion to Pinchale Priory, wheu Mr. 
E. Roberts, P.S.A., gave a very iutercsting deacripiiou of tlie 
ruins, of which the foUowiog is a condeusation. 

Mr. Koberta said, that Uiis Priory hud always beiu called 
Abbey, by mistake. Uo would give a general deecriptiou of the 
building, and then pixjceed to a descriptiou uf the fuutidatiLrn of 
the structure, the subsequent chan^e^s which it had undergone, 
and compare the same with the coudttiau iu which they then 
fouml it. The situation was said tu be second only to Fcmnlains 
abbt^y and to Bolton abbey. The locality was one of remiukable 
be.iiiiy. The mediicval uiouks certainly had displayed the 
utmost discrimination in selecling such a site us that for their 
residence. St. Godric, the herinii, who founded the priory, led 
.1 very ascetic, riiforouri life. After having been a uiitor somo 
time, he lived near to that place. He could ii-.'t have lived exactly 
upciu tho spot whore they were then met, but he did undoubtedly 
livi* Komewhere in the iieighbuiu'hoo<l, fur sixty yeara and 
upwards, am) underwent greater privations than other saiuta. 
Si» severe was hia dittcipEiue, that he eveu mixed the flour that he 
uiwd with Ashes, mid when it was niaile into bread he kept it for 
several mouths betoie he ute it, lest it shrmld be too good for him. 
Mr. Jtnberls had great doubts as to the truth of some of the 
existing stories as to the pmclices of those ascetics. It appeared 
to him from the excellent bonk which had been published uf the 
writings of Dr. BaUie, who died a short lime agu, that the prioj-y 



was an excessively poor ona He found that for a seriea of years 
the expenditure exceeded the income, and that in one case— 
towards the end of the tifleeutli century — the expetiditure ex- 
ceedcd the income by as mnoh as tho iuoome itself. He thought 
that he miglit otler this fiict as Iho groundwork of the reasons 
which might be given as to why the church was dimiuisbed iu 
ii\7^t heoausefor sevem) years — aUiut the year ]36i> — thoi-e was 
a falling-io of thu work near tlis arcades. For two years com- 
paratively amalt sums were obtained and appropriated to the 
re-editi cation of the church and house. It seemed to him that 
tbe state of repair in which the aisles theu were, iuduced them 
to take dowu the aisles aud to xxm the material to till in the 
arches, so as to save themselves the expense that would have 
been consequent upon the rebuilding of tbe same. No one had 
before offered any opinion upon that point; but he did think, 
after reading the rolls which extended over two centuries, that 
such a Construction was the proper one to put Q|ioii ibe casei, and 
he Claimed for himself the crouit of it. One writer offered hifl 
opinion chat the aide aisles were removed iu 143(>, when other 
altemiionH also were made. There was not the slightest doubt 
in ofhiring this opiutun that ihe alteralions took place between 
1360 and 1370. One very groat regret which Iil- had to express 
with regard to tlioso ruius was that they had been converted 
into a fruitful quarrv for the use uf all persona in the nolghbour* 
hood. Ttiey had taWn away the stuuea aud itsed Lliem iu the 
construciioa of other places. For some time that practice was 
rigidly put a stop to, but be heard now that it was a recurring 
evil, and that the stones were being carried away in lafg» 
quantities, and used in the erection uf farm buildings in thaX 
locality. In this way the figures and sculptured stonea bad been 
removed, and he thuught that it was desirahie tliat the inltabi- 
tants of Durham shuuld eudeavonr in some way to prevent such 
destnictioa of such a tine memorial of tbe past. Such destruc- 
tion of the building was like the deatmyiug of Uie bunks or MSS. 
composing a 6ue library, with the ditTcruiice only that the 
dehtruction of the library was pcrha] s of less degree of oon»e- 
quenoe, as the works which it oi^ntiiiued referred to a \Mrge nam- 
ber of sciences, whilst tho carrying away portions of the remaioa 
of the priory deprived them of a monument which could not be 
replaced, aud of informaliou which tliey could not otherwise gnixi. 
There wei*e a few portions of the church to which he would 
direct their atteutiou. It consisted chiefly of a loug aud narrow 
iMve wiUi ftiHlss. Some of those aisles on the noith side 
bad been desmyed, aud tbe uther had been converted into one 
aiale of the cluister. There was a long and uarrow choir at the 
westeru parii>iti. The conventual bmldings were on the south 
side. The church and buildings were said to be an imitation of 
those at Uurh.'tm, but he baw no rettemhlance whatever, except 
that there was a nave aud transept, and so ou. The ground rose 
rapidly from the river, but tbe building, instead of rising in pro- 
portion, hatl ilit doors raised to Lhe level of the upper land. 
There were a nuudier uf such hiiildiugs mode in that way iu 
Italy, but he did not know of any other iu England which was 
the same. Tliut wait a nice example of the miituier in whtcli 
tho builders uf that day accommodated their buildings to 
the laLd which they had to deal with, aiid suited their woz^ 
to the phice aud maleriala. The dale of the priory seemed 
U) be about the time of llenrv III. or fi-om U94 to ISOO. 
He wished it to he underslood that he gave that as tua own 
opinion. Two of the pillars ^sllich supported the struclure, 
it would be found ou exaniinaliun, were cunuecied with the 
walls, whilst tho other two were separated fi-om them. Dr. 
H.-iine had said that the ccnti'al tower, with its pieri, was entirely * 
added U> the church. That was not ooriecL The arches were of 
later date. Tiii< kHyslone lay in thu cottage close by, auj c(iuld 
be inspected. Dr. Raine had falleu into another error iu liia 
descriptiou of the spire, bv representing it other than of wx)od, 
an opinion supported by l)ngaale. There was a short tower in 
the centre. Tbe wiudows were lancet, aud were rabbeted. 
They had not been ghized with glass, hut inclosed by lattices. 
In lhe transept there were places for altars, one no doubt having 
been the shrine uf St. Godric, to whom, with Su John tbe 
Baptist, the church was dedicated. The tiave was wider at the 
west end than at the east, aii<l became telescopic like tbe half of 
a barrel. In cue purliou uf the recess there was a recess wli' ' 
had puzzled many. It puzzled him fur a time, but he had saiie-^ 
fied himself that there was a shrine and ambrey. 




Hh£ geography and GEOLOGY OF PETROLEUM * 
^f By AuuutT Lkeds. 

Tirs northeromoat point ou tlie American Continont nt which 
pelrolenm lias been largely fr-nod ia in Canada West, at EddId- 
kiUen.near Luke St Clair. The accounts of tbe rjuantitiea which 
lukve issued from single wells in this Ircatily are too well 
BUtbeDticnled to be doubted, lu Iho year 1802, when Pennayl- 
vatiiH prcMiuocd so much oil that ita commercial i-ahie bcaune too 
low to make it profitable to pump wellti disuvit from n market, 
these CanMlian wells were atloweil to overflow with oil acrei of 
ground. They became choked up by neglect, and it is bat recently 
that they have been reopened and properly worked. Lying on 
ocarly the same parallel are, lo the eastward, Lochport, in 
Niagara coanty. New York, and Hamilton, in Canada, on the 
■borea of UJte Ont&rio; to the westward, St. Clair county, Michi- 
gan. In all tliett localities oil hiia been found. 

They con-ilitute, in bet, a bonndary line 200 miles in length, 
vbich lioiiia the oU regions upon the uorth. Now, carry Uiis 
line southn-ard for 3^ mile^: it will ntop ucar the aouroe of the 
Kuiawh.i Uiror, upon the slopes of the Alleghimy Mountains, 
in West Virginia. This tract, iOO miles broad, 350 miles long, 
Aod cmbrndng 70,000 square mileit, U at present the only I'Cgion 
east of tht! Ili>cky Moontaius where petroleum has been found 
ID Workable quantity. Now, if a diagonal be drawn from the 
Dortb-eaat to tne south-west coi-ner of this tract, it wilt be seen: 
1. That the Allegheny Moinitnins and the Blue Kldge 
Mountains are parallel to this diagonal. S. Tbat the gcueral 
ooorae of the Ohio and All^hany Bivers w likewise parallel to 
it. 3. That all the rivers, creeks, brooks, and ravines where 
petroleum has been found, either in the valley-basins of those 
great rivei-s, or iu the water-sheds which feed tlii-m, flow either 
parallel or at right aiigU<8 to thiR «ini{> iliagonal. 

In conchidiog this short sketch of the geography of llie oil 
regions, mi»y it not lie asked whether the sreai geogTsphical fact 
stated above has not aoiue intimate connexion wiiii the geology 
of Mtroleuui and the action of oil wells i 

Everywhere throughout the world geolosiets have found tliat 
certain rocks which are simitar iu chemicnl nature, in physical 
cliaracterft, -ind in organic remains, are always found iu the same 
relative petition to each other. Auy series of rocks thus allied 
is held to be the result of the same physical forces, and marks a 
distinct era in the building up of the crust of the glolie, c.*illcd a 
geological epoch. Such a group of rocks is called a furmation. 
Xieepest in the earth, and first iu onler in point of time, was 
bnilt up a great gronp of rocks, nil characterised by the abtwnce 
of any trace of animal life. These are of unkuonij thickueas. 
They underlie all other rocks, and man would have never known 
of their existence except for those mighty convulsions of nat4]rc 
vbich have rent asunder the earth's surface, and sent up through 
fissures or protruded from the craters of volcanoes tlie molten 
matter of these first fouudation masses. Upon them rests a long 
series of sandstones and limestones of very varying tliickneas, 
known as the lower and upper Silurian syatems. Another step 
towards the earth's surface brings iisto'the Devonian system, 
wherein we first find petroleum iu the United Stal«ii, and this, 
together with another great formation, called the Cnrbouiferoas, 
ineludu all the rooks from which oil has boen so far obtained In 
the regions above referred to. 

But any (lescriptinn of the oil-yielding rocks will be unintelli- 
gible if it be for a moment supposeil that the geological forma* 
tious lie one upon auother like the leaves of a closed book. Geo- 
logy tenches that some mighty force, in ages long past, has 
operated fmrn below in such a way as to bring up the Mgee of the 
lower layers of rock lo the earth's surfiice. They would, there- 
fore, api»ear to us like the edges ol the leaves of a book, when 
the l>ooK was wide opeoed. A ud thus it happeua that formations 
but two or thiL-e miles in thickness, may be stretched over 
hundreds ct' miles of the earth's surface, and that by be^nniog 
*t some definite point and walking in the proper diicction, we 
can review in detail the rr>eks which we wish to consider. 

Let US take our geological sketch from the same poiut at which 
we look n bird's eye view of the geography of the oil regions. 
Standing at Kuiu»Kill«u, let us look far aw.ty to the southwest 
along the line of that diagonal to which I have nliendy called 
your particular attention. At EuniskiUen petroleum is found in 
the oorniferous limestone which occapies the lowest poiul of the 



Devoni>io system. This corniferous limestone is composed in 
great measure of fragments of corals and sea-shelU The caritiea 
of tliese corals and aea-shells are often filled with liquid bitumen, 
and the inhabitants of those pUces where this comiferoue lime- 
stone exiflts find tlio bitumen tasuing in the fonn of tar from the 
kilns iu which thev reduce this rock to lime. According to an 
analysis made by Hunt, the chemist of the Canadian Geologienl 
Survey, ■pectmens of this corniferous limestono yielded from "■4 
to I2ft per cent, of bitumen, fusible, and readily soluble in ben- 
zole. Its thicknean in Enciskillen is about lOO feet. Lying 
directly above the limestone is the Marcellus shale. Throughout 
this and the formation next to be described, there are many 
septaria or modular concretions highly charged with bitumen. 
This Marcellus shale is about 50 feet thick iu that part of Canada 
lying between Lake Ontario and I^ke Huron. And in the 
cavities and fissures of these two rocks, which in Canada are not 
above 1^0 feet in thickDess^ was stored up thousands of years ago 
tliose millions of gallons of petroleum hitherto fooud in Canada. 
But I^ke Erie intervenes, and we most therefore cross over to 
Western New York if we wish to inspect the rocks iu the same 
order as that in which we commenced. 

Tlie rocks which liere yield petroleum are found in whal New 
York geologists ©dl the Hamilton group, which lie above the 
Marcellus shnle and ooniiferoua limestone in the geological scale. 
The oil springs in the vicinity of Lockport and along the banks 
of Chaulnuque and other lakes iu Western N*!W York, are mainly 
in iliis gMup of rocks. In fact, it was from Seneca Like that 
the oil was brought which the Indiuus traded away to the early 
white settlers of Pennsylvania and New York, and it was by 
the tribe which inhabited the shores of that lake — the Senecas — 
tb.'ii tiie use of petroleum as a bealinc ointment was made known. 
PetroleLmi was first sold id America by druggists, under the onme 
of "Seneoi Oil." Western New York is now being diligently 
prosjwcted, and already Chautauque Lake is :;;lowiugly depicted 
in the ])ro3poctn9 of a new nil company. In the black shales 
which exist in th*? south-wrstern ]inrt of Now York, and which 
are known as the Gpnesee slates, uo oil has yet been found. But 
where the same rocks rcappi ar far away lo the sonthwest, at 
llccca, Ohio, they ar« found to yield a large supply of lubricating 
oil. We will put down the Ihiiikness of these rocks ut 300 feet. 

Proceeding further iu the same direction, we find the shales 
and limestones of the Portage group, yielding oil from those 
wells ou Oil (Jreek which have wen sunk to the greatcflt ilepth. 
These rocks at Oil Creek are 1700 feet thick. Above this we 
find a long series of alternnle slatra and saudstouea, the latter 
being sometimes replaced by limestone. If you lake a drawing 
of the rocks in Venango county, wherever the i|uarryinun has 
blasted away the hillside, whether you look 400 feet above, or 
at the rocks just before ymr feet; whether yon make the draw- 
ing of nicks along the Uig Sandv, or up Sugar Creek, at W;dnut 
Bend, nloug Oil Crock, or up C^icrry llun, everywhere you will 
get a picture of thin argilUccous shales alternating with sand- 
stones. If an accnrate record of any well sunk m Venango 
ooDiily be cousulteil, it will reveal the same geological structure. 
As, for example, the following, which I copy from my note-book 
of a well upon the Alcorn htrm, situated upon tbe Alleghany 
River, al:x>ut three miles above Oil City: 

Sc\-ciity-fi\-e feet of a ven- soft rock, uf the nature of gravel; very soft 

SevL-nly-fivc fftft of a rock, called by the drillers " loapstone." It is, 
in rvahtf, an nrKilUcMius shale. It has a Mmowhat gny colour, and is 
hanler liuui thr pivniiliiig rook. 

T«n foot fif iiiuiiist(niL<, everywhere knewa as "tbe fint sand rock." 

^vviity-five fret, aaotbsr Hries of shales dlstineily urgiUaceoiis. 

Twenty feet, "iwcond sand rock." 

Two huuilred feet, ar^lUoMos slates. Layen cC Rxdt, altenately 
•oft and hard. 

FlftMsi fMt, " thud sand rock." 

Eighty feet, argillaaeous sUt«^, which tbe man who was boring 
described as " shelly," meaning tlmt they wem iu thin Uyen of oltor- 
uaUily bar<t and soft rocks. 

If we sum up this record we have A50 feet of this formation io 
A vertical line. Tbe man who was drilling this well said, at the 
depth of 730 feel, which was the ffrealest depth ho bad attrdned, 
be had met the same kind of rocks. These rocks belong to the 
Chemung group, which lies immediately over the Portage in the 
geological scale. We may, acconlingly, safely estimate Iht- thick- 
ness of the Chemung group, iu Venango county, at 460 feet above 
the surface, plus 750 below, or at lilOO feet. In this gronp of 
rocks, nearly all the oil from Oil Creek, Cherry Bun, Patchcn's 
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Baa, Two-mile Bao, Horoe Creek, &c., has been found. The 
Catekill formation does uotocour In theoUr^oDaof4*QDnajlv&Dia. 

We hfive nnw reached the top of the Devonian 8y«t«m, anil find 
OD lulding up the above figures that the total depth to which it 
has been developed in the oil regionit is 4000 feet, Couceruing 
all Lheu 4000 feet of rocks, there u nothtsg which becomes more 
strongly iiupres^ed upon an observer of the geological featares of 
uorth-weatern T'ennuylvania than the behef that tbey are sedi- 
meDtury. That they are, in other words, oothini:; but the broken 
and pul'veriaed fragments of other rocks which have boon deposited 
from water; that north-wesletn Pennsylvania wnn the baain of an 
aaoieut sea, which wrm filWd up by the debris of ci}utinent«. 

Asoending in tlic ^ccolo^iaal scade, we now eomo to the carbo- 
oiferotis eyatem. None of the wells which have been sank along 
Oil and French Creeks have ever passed throu^rh coal. The 
lowpst member of thu coal aeries caps the Jit^lK-al lulU near thu 
UoaLh of Oil Ci-Otik, and is, therefore, some 'OOP feet above tho 
top of any well whicli has been sunk in that region. The bitu- 
minova cool which exists hero is of the poorest qaality, and 
oocnrt in seams of only a foot or eighteen inches in thickness. 
Bat this ooal has boon selliiiz there at sixty cents a bmhel, and 
Uie cost of feeding the engine has been one of the priucipal items 
of expense in sinking a welt. To tho south, however, of Oil 
City, in Cranberry township, and along the Alleghany lUvor, 
the coal veins become thicker. One Htrvtching along the top of 
a hill, about seven miles below Franklin, is S feet in thickness. 
It is now being worked, and is expected to supply Franklin, Oil 
City, and the ptiiuU above, with sapenor ooal. But Franklin is 
about AUG foet above Pittsburzh, and the general dip of tlie rocks 
in a southerly direction is such that in the neighbourhood of the 
latlef town the carboniferous rocks come down to tho surface. 

In the territory aronnd Pittsburgh, aloug tlie Kiskiminetas 
Birer, at Slippery Rr>ck, throughout Batler conuty, at Smith's 
Ferry, &(!.,oi( is found in the lower coal measures. In this locality 
they are bOO feet thick. If we trace the KiskiminctasKivor nearest 
its source, oil is found in the lower coal nicvures, which arc 
lUOO feet thick. Alung the Maskiogum, Kaniiwlia, and other 
rivers and creeks about Marietu and Ptirkcrsbur^h, in Virginia 
and Ohio, auch as the Horse Neck, Bull and Goose Creeks, tho 
upper cojd measures contain the petroleum. They are here 
700 feet thick. We have now the 

Comifcroua liioMtons 

MarceUus ilate 

Hamilton group , 

GensssBs iTstv 

Pnrtage group 

CbemoBg noup 

Lower eosTmeasaras 

kOddls ooal tuaasuRB 

Upper ooal nMSSures , 

Total depth of oil-yielding rocks 0350 foet. 

In riaw of these figures let us see what answer should be given 
to those who are fearful that petrolenm is giving out; that nature 
has DMnafactaredafiora stingy fashion the most beaatiful meana 
of iUumination which she has yet yielded to man; that the 
reSning of petroleum will soon give place to tho difltillation of 
bituminous coal; that derricks and tanks will soon cease to vilify 
the landscape of the beautiful Ohio basin; and that mxtn, with a 
terrible crash, oil companies will disappear, aud leave nothing 
but paper behind. 

Ditfercut wells scattered up and down over 70,000 square miles 
of land, are now producing oil in profitable quantities. In a 
large portion of this territory, geology and experience tells us 
that petroleum exists thronghont rocks varying from 60 to 
7000 feet in thickness, When petroleum has been eih-nunled by 
shallow wellii, it may be found in deeper ones, as the famous 
wells along Oil Creek show us. Here wells were put down ac 
first from 200 to 300 feet, and a heavy hibricniing oil wa<; 
obtained, by pumjiing, in small quantities. Afterwanls, in loca- 
lities which had b^n abandoned as nnprofitable, wells were 
sunk to &00 or 6Ui fe«t, and flowed one thousand, two thousand, 
and even in some cases over three thousand barrels daily. Of 
340 wells sunk previous to this date between Humboldt Refinery 
and Kousevillc, all that have reached the proper depth have pro- 
duced oil, and the rcmaludcr, 112 in namber, will probably ex- 
perience equal good fortune. These facta alone would justify the 
statement that henceforth petroleum deserves to be ranked with 
eoal aad iron as a solid mining interest. 
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Such an opinion, moreover, deserves additional weight from s' 
study of the various tracts in Europe, Asia, and Soutli America, 
where petroleum is collected; and since no statement cf this kind 
has heretofore been publishoil. it will be interesting and nJuabiftJ 
to present in this pbice a world-wide view of petroleum wellftf 
In so doing we must widen to a corresponding degree our ideas 
of the nature of fntmleum. We must recntlect tliat this niinoral 
snbstance was known manr years liefore the first oil well wa«_ 
sank near Titnsville, and x\\\; under tho general name of peb 
lenm, many rock oils should be included, differing greatly \t 
their nature from those mobile fluids which a Philadetphiau, wfac 
is familiar with the products of Oil Creek alone, is wont to reganjl 
as petroleum. We should remember that easily fusible, pitchTi 
bitumens arc made up of two ingredients, one of which is a solia] 
body like aspboHnm, and the other an oily liqnid rcseinbliiiglf 
petroleum, and that wherever snch bitameas are fonnd, they artti 
to be regarded as indications of the profitable presence of petro- 
leum. Having made these preliminary statements, wb srs 
enabled to speak in a more general manner of foreign oii-bea 
rocks, and arc not oompclled, as we wonld otherwise be, to re 
the few places whore petroleum is stated to exist by traveTlon 
in precise terms, as the only ones where it is really to' be found. 

Petrolenm /ound in South Amarica, — In South Amerirn bitomeD ' 
has been discovered in large quantities on the northern shores of 
New Granada, Peru, and Veiiezuelii, on the banks of the river 
Magdalena, at Payta or Payti in Columbia, at Coxitambo, near 
Cnenca, in Peru, and in many other places. Few of these bitu- 
mens have been an.ilyse<i, and we possess, at present, but lew 
facilities for comparing them with Eurcfpean specimens. That of 
Coxitambo has been investigated, and has been found to he a 
purci hydrocarbon, consisting of 88*7 per oent. of carbon and 
9'7 per cent, of hydrogen. In the travels and researches of 
Alexander von Humboldt, an account is given of a strMun of 
naptha at the Punta d'Aravn, at Cape Cirial, Venezuela. He 
says tliat it issues from a mica Riats, and remarks, as a singolar 
fact, that petroleum should in thin spot issue from a metamorpbt* 
rock, while at all others it exndL-a from secondary rocka. And 
Bouasingault, who has shown in hi^ work on bitnmeu that all 
the vast collections of mineral pitch which exist in the northern 
parts of Sonth America must have a gst^ogical position cort^J 
sponding with bituminous schists found in rWice, quotes thi 
remark of Humboldt, as the only one which goes to coutradiet' 
his view of the geological position of the Ajoericau mineral 
pitch. 

In MeCnIlocha *Gec^mptiical Gazetteer' reference is 
to a great mountain of asphaltom npon the north-eastern sho 
of the great lake of Maracaybo. It sends up, in warm weathei^ 

Ct Btresma of phosphoric fire, which giu'de the Spaniards atul 
ans in tlieir tmusits over the lake. They have consequently 
given to this strange lamp of natare the name of the Limtem of 
Maracaybo, Around the border of the lake, a circumfereuoe of 
about 260 miles, petroleum springs and bitumen aboond. 

West hidUt. — Throughout many of the Islands of the "Wesrl 
ladies, and to the north of Veut^zuela, petroleum springs are 
found, accompanied generally by deposits of bitumen and vast 
aocuniuliiions oi asphattum. These islands have been npheaved 
from the sea, during a recent geological epoch, by violent volcanic 
action. This may accoant for the fact that petroleum doee not, 
in the W<>jit Indian localities, issue from sedimentary rocks as it 
doee in Pennsylvania, but from igneous rocks, or those which 
have been forced up to the surface of the earth by Tolcanie. 
agencies. In very many places in Cuba, jietrolcum flows ^an 
cracks in serpentine rocks. Such petroleum springs have beeoJ 
found for two hundred years at Guauabacoa near Havana. And 
the narratives of the buccaneers tetl us that they osed to frequent 
tho Bay of Havana, and oollect sufficient bitumen lyin^ exposed 
on the shore at low-water to pay the bottoms of tbeir vesaela. 
In the eastern part of Cuba, springs arc found between Holqnin 
and Mayan, and in the other direction in the neighbourhood of 
Santiago de Cuba. Of the bituminous coal, or as it iscallcd bj tfa 
natives, chnpapote, found in Caba, more that one-half is con 
pos«<l of volatile fatty matters. An analysis made by Mr. T. ' 
Q. Clemson, of chapapote from the Ciutnalidnd mine, which is 
situated about Iti miles from Havana, gives only 34i>7 per cent- < 
of coke, and the astonishing amount of 63 per ccnU of volatilaf 
ingredients. It is, of course, an admirable material fur tho mano- * 
focture of gas. 

In the creat pitch lake of Trinidad, there is a great number of 
holes and fissures, which have apparsntly been prodaced by a 
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rmdiag uniodor of the harri^tiod flsphnltura by roleaoie forces, 
And a labseriueut iDJeoCioD of liqui'l hitumeii. Aud, in fact, tbia 
BlnnM operatioD of UAture'e htd-kn forces maj gonif>time8 be seen 
■ctuainTirpiug on in the se&, to tho auutliward of Capo de la 
BfM. Hidden beneath tho waves there seems to be a aubmarioo 
Tolcaoo, which sends ap occasionally quantities of pstrolenm to 
the Buruoe of tbe walor, sttendtxl with a nii<;hty boiling uf tbe 
deep. And in the aame manner Ihu neos iu the vicinity of the 
Cape de Verd TalandB ore ofteQtimes covered with petrolenm 
projceted from sabmarinQ votcauoes. Many ye&rs ago an account 
was poUished by Dr. Skey, in tbe English Geological Transac- 
tions, of a "petroleum or Earning apring," fonnd at St Andrew's 
parish in the Inland of Barb-vjoes. ]Ie states that it issues from 
oalcareoQS rocks, and it would appear from bis calling it green 
tiaptba, aud from tbe fact that it is largely employed by the 
aattves as a substitute for fish-oil iu lampei, that the petroleum of 
Barbadoes is nearly analogous to what we nre here ^uilinr with 
under this name. Mr. Herapatb analysed the coal found in 
. Barbadoes, and found that it was equally rich with that rained 
\a Cuba, conttiating of G2 per cenL of fatty matters and 37 of coke. 
£uro^.^~In the next phioo, let ua examine the bitaminnua 
depCK^itB of Europe. In England, little has been found compared 
with the extensive developnieuta which have been raatie in 
France. Bitumen boa been encoimtei-ed at the Htirlet niiuea 
near Paisley, where it inclosoa crj'atala of calcareons spar, and 
at the Odlo mines in Derbyahire. It strongly impregnates the 
^{)eat cat near Ormskirk, Lancashire, and penetrates the lime- 
atones of East Lothian tn Sootlaud. 

Ahont tbe year 1840, a mania, M. Dumas tells us, prevailed in 
France, for putting bitumen to counil^ss industrial appliances. 
All the provinces of France were explored for asphaltums, 
bituminous mastics, mineral oils, bitnmiaoue achiiits, sauda, eaud 
and lime btoncs; and nomc thirty different varieties of asplmltiim 
wure exhibited in 1843, by Parisian companiea, upon the bourse. 
In the v^ar 1845, in the department of Ain, Landes, Pay de 
Dome, &aa Rhine, Haut Rliinp, Saontf et Ijoire, there were 
16 mines, employing 489 workmen, and yielding an annual 
revenue of one hundred and twenty-nino thoasoud dollara. This 
bore about the same proportion to theamount of money invested, 
u tbe yield from the petroleum wells of north-wustera Pennsvl- 
vania and Vii-ginia bears to tlie capital stuck of the oompauios 
working them. But asiihaltum would not do all that the t^'norant 
newspaper writers of that day eaid it would, and soon fell in 
disfavoar; companies crashed, aud thousands lost heavily. At 
present, bitumen, with a few cxceptiotiH, is restricted in its use 
to making roadi, ctfttems. and roofs watertight. The coal bajtio 
of Atituu, in the department of Snone ct Loire, contains largely 
worked beilsof hitumiuous schists, producing on distillation an 
oil which is employed for gas-lighting. The bitumeu of Beysnel 
is found in calcarcoua oolite, from which it is extracted by melt- 
ing the broken rock iu large cauldrons. In warm weather it has a 
thick pasty consistence and is tenacious, but in cold weather it is 
•olid. Iu the»e respects it resembles the bitumens of Magdalena, 
Fkjrta, and Trinity Island. Tbe bitumen of Bechelbronn Is 
Tiaooaa and of a brown colour. It is put to many uses, and 
especially as a substitato for grease, in lubricating the axles of 
carriage wheels and the journals of ninchinoH. From tbeee and 
similar applications it has obtained the name of mineral oil, 
Stein oil, Strosburg grease, &c. Like the bitumen of Coxitambo, 
it is a pnre hydrocarbon, containiog tiH per cent, of carbon and 
IS of hydrugen. 

Tlie bituminous rocks found iu France are far surpasiwl by 
those of DalmaUa, on the northeastern ebore of tbe Adriatic. 
Tbe bituminous limestones found hei'e seem to bo so diarged 
with liquitinhle bitumen that they cin be cot as easiU* as soap, 
I and aie formed into bituminous bricks for the sides • f hotises. 
^. , When the walls have reached Uic re<|iiired height tliuv ore set 
■Ami lire, and burn until all tue bitumen is consumed, learing a 
^^B white stoue. The roof is then put on, and the building completed. 
I Ta Italy petroleum is found in many places. Tliat of Amiauo 

I in the D achy of Parma supplies the city of Genoa with lighL 
In tlie Duchy of Modena petroleum springs ore foand at Sunt 
Zibiu, and in Sicily in tbe Val di Xoto. 

At Naples they appear to be connected with volcanic action, 
and to ansc from the bottom of the sea near the southern base of 
Hotiat Yesuvioa. 

Pausing over to tbe Ionian Islands we find large petroknm 
K>rin^ of which the following account is condensed from the 
Colou&l iStatistics of tbe British Empire, published by H. M. 



Blartin: — The bitumen of Zante is contained in a valley or 
martihy plain, which is in the form of s segment of a circle, sur- 
rounded on three sides by abrupt and nigged ridges of hills. In 
tho marsh witliin the circle are several wells or pita. Tbe bitu- 
men floats on the surface of the water in these wells. A dark 
substance continually forces its way from the bottom, and boils 
up in Isrge globuleti, which, enlarging till they ascend near the 
surface, thou burst, and liborato a quantity of inflammable ^ns 
Sometimes tbe globules are troaaparent and of singular brilUnr cy. 
riairig to the top and bursting, wiiiie a coat of dark bitumiuous 
matter in which they are invested is thrown off. Tliis dark sub- 
stance istherock-pitch, which, beicgspeciflciillyheavier than water, 
remains below, covering the aides and part of the bottom of the 
spring. The brilliatit globules disengaged from it are pure 
naptba or rock-oil, which forms a light olMgiDOUs stratum above, 
reflecting various beautiful colours. The intervening water Li 
Bwect and fit for use. The pitch is collected with large spoons 
into a pit adjoining the well, and Ihence thrown into barrels. 
It is exuded in the greatest quantities in the summer months. 
AboutahundrB<l barrels are auuiially used for paying tbclwttoms 
of ships, and for siniilar purposes. 

Passing by the petroleum springs of Neuchalel, iu SwitzerlaiKl. 
and alTsgemRce, Knvaria, let nn next conwider the bitumens of 

Airia. — Tlie |>ntroleum wells of southern Asia are of peculiar 
interest. They were dug thousands of years ago, and when 
Babylon was in its glory, its skilful artienns made far more ex- 
tensive use of this facile material than has been found for it it 
the present day, Iu a paper communicated by the famous 
Asiatic explorer. Major Rawlinsou, to the Boyal Geoffrai<hicaJ 
Society of London, he calls attention to the bitumen collected in 
Kordistan, formerly tho great satrapoy of Snaiana. He atntes 
thai, even at the preaeut day it is drawn from pits, dug in pre- 
cisely the same manner as described by HercKlutus nearly tbm> 
thousand vcara ago. What a treat to the indcfnti gable illumi- 
nator of Tterodotus, this striking confirmation and illustraUon of 
the text of bin favourite author must have Tieen. 

The natives all along the Euphrates and Tigris use the petro- 
leum found along tbe banks of these rivers to pay the bottoms of 
their vessels, and to bom in lamps instead of oil. And throughout 
Persia, in tlie provinces of Farsistan and Kerman, which bonier 
upon the eastern shores of the Persian Gulf, in Afghanistan, !n the 
district of Cahat, pctrolnum springs are found. To the north- 
ward, in the Isles of Naptha, which are situated upon the eastern 
shores of the C'-aspiaa Sea, a vast bitumiooas fonuatiou has its 
origin, ft fitrelclies away in tbe weatwanl for over a bondred 
miles, and terminates in the httls of the Crimea. It reappears on 
the western shores of the Caspian, in the peninsula of Abskharon, 
which forms the eastern end nf the Caucasian chain, where It is 
fully developed as a great deposit of brown coal in a ridge of 
argillaceous shale. Ei the neighbourhood are the renowned 
wells of tho fire- worshipping Badkuans, who use petroleum tor 
both light aud fuel. These wells are inezhaustiule, and refill 
themselves as fast as emptied. No traveller has given any 
account of the development which we would be prone to expect, 
of petroleum through the Caucasus and Georgia. But in the 
peninsulas of Kerch and Taman, at the entrance of the Crimean 
oea, aud near the western extremity of the Circassian range, it 
is fonnd in considerable anantities. In tho great mountain 
range which skirts the Ked Sea, along all the western coast of 
Araoia, petroleum springs aud deposits of bitumen abound in 
strata wholly cumposeil of oceanic animal matter: conntlesa fomil 
shells, and rocky crevices, and hollow atones ore filled with tt; 
and Iu the fervid heat of that eliraato it drops down from the 
precipitous sides of mountain gorges. And when we follow this 
great line of volcanic action to the northward, along tbe ^'altey 
of Arabia, throuch the Dead Sea, and up the valley of the 
Jordan, even to Mount Lebanon, we find scattered along ita 
coorw deposits of bituminous matter. 

Finally, we come to the territories of Assam, and the Btrmnn 
Empire. In the former, as narrated iu the Asiatic re8e.\rche8 bj 
Lieut^ Wilcox, there arc, to the east of Bramahputni, great 
jungles which arc full of the odour of petroleum. Rods of white 
mud ars of frequent occurrence through this region, reaorteil to 
greatly by cattle and wild beasts of all kinds, which engerty 
devour this substance, probably from ita saline profertiea. 
Petroleum floats on the edges of'^these mud springs, but neither 
it nor the coal which is likewise found in the ndgbboorbood is 
used by the natives. 
Near the banks of the Irawadi Birer, botweeu Promo and Ava, 
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Buy weUa of potroleum have b«ea sank to a depth exeoedlng 
200 (bet. They are found nlong with beds of browu coal, nna 
oo-extenairQ with a tertiary clny formatiou. In tbe province of 
Pegu, ATOUud the towu of GAioaagbong Are iM) QKptha wells; 
340 others are situated four or five iiiilutt to the norUi-east. Tbe 
groM amount of oil nnuually obtained from the 520 registered 
Weill is About 100,000 tons, or 420,000 hogsboad*, amouotiog 
in vnlue Co $617,3D2. 



COMMUNICATION BETWEEN DIFFERENT FARTS OF 

A flAILWAY TRAIN. 

{Oontiittud from p. UO.) 

6. CowHtTVfCATioN bv Kicana of the foot-board* I have already 
referrefl to at aome length. I may here add thai where aer- 
vants of the oompany are habitvially employed to walk nlong the 
sidca of the carnage they should be provided with a clcnr apace 
of 2 A. 4 iu. or 2 ft e in. in width for that purpose. The Hoani 
of Ti-wle " requiremonts,** which are Issued aa a cuide to ou- 
gineers in the consiruction of new lines, ooatain the following 
paragraph, which waa intended to provide agaiust d&uuige to 
paaKOgera aud Rervaota of the oompaoy, particularly in looking 
ont of the carriago wiDdowi, aa well as to meet other coniin- 
geocieo ; — " No standing work above the level of the carriago 
stBpsi abonhl be nearer to tbe outer edge of the mil tiian 3ft. 6 in. 
where the carriA^a are not above 7 ft. 4 in. in width, outaide 
meoaureraeDt. When tbe carriages are of a greater width than 

7 IV 4 in. a proportiouate iDcreaee should be made in the space 
between any such atanding work and the rail. On Irish rail- 
ways the distance between tbe outside of the rail and the Deitrest 
standing work should be at least 4 feet. On the broad gauge 
lines io England the distance should not be leia than 3 ft 6 in." 

£at then; biia bo'-n no means of restricting railway cotnpauies 
as to the width of their carriages aflur the opouiog of a line; 
and the tempuaittim to increase their width on some lines are 
great. For instance, a first-class carriage of three oomptirtmenta 
carrying fnni- passengers in a row, will oootain altogether twenty- 
four paHHetigers, whereas a similar carriage oarrymg three pas- 
aeugera in a row will only oouUia eighteen passengers; aud tlio 
proportional saving of dead weight iu the former is considerable, 
while the coet of coostntction ia not much greater. A still 
greater economical ad\'antage is obtained iu some cases by con- 
Btracting first-clnss carriages of four compartueute capable of 
containing thirty-two poeaeDgera, and carriages uf other classes 
iu simiUr proportions. A carringe 7 ft. 4 to. wide, projecting 
1 ft. 2 in. beyond tbe mils on each side, allows only 3 ft. 8 io. 
between the ouuide of two ciirria^es ou different hues of 
rails, out of the usual 6 feet of iuierujediate space, aud 2 ft 8 in. 
out of the feet of intermediate space on s-imc of the older 
lines; whereas from 4 ft. S in. to 5 feet would be required 
between the carriages, to allow a guard on the side of one 
train to peas a guard ou tbcsido of another tmin with safety. A 
carriage 8 feet wide, in like manner, and such a width is oy no 
meaus uncommon, projecting 1 ft. Gin. on each aide, leaves only 

3 feel; and & carriage 9 feet wide, projecting 2 feet on each side, 
only i feet between the two lines of rails. 

On the side of the works again, there should, allowing 2 ft. 

4 in. from the outside of the carriages to the nearest standing 
works, be 4 ft 4 in. for a carriage Q feet; 3 fu 10 in. for a cftrriage 

8 feet; and 3 ft. 6 in. for a carriage 7 ft 4 io. in width; speoea 
which are not to be obtained on paits of mauv lines. Comtnuui- 
catioii by the footboards, therefore, with s.ifoty to the Bci-vnuta 
of lh« comixinie<t, would be improcticnUe without much altera- 
tion aud rvHtricliun for thu future, as to the width of the 
carriages, and without greater alteiatious of the works than 
can be contempL-vted in practice. Aud ibe only alternative that 
remains oti the lines of railway iu question, which comprehend 
the priDcifial Hues iu the kingdom, ia that which has already 
beeu referred to, of stopping the trains at the nearest place of 
safety, on an alarui being given by a passenger for a cause not 
apjmrent to ibe eerrante of the company. 

jtJie French commlsaionera previously referred to, who were 
spedally appointed on the 23ra February, 1861, nf\er the murder 
of M. Poinsott in December ISGO, ou the " Cb(.Mtiiu-de-fer dc 
I'Est," til re|>ort upon tbe " Secaritedes voyogenrs dans Ics trains 
en marche," state — 

" L'uu lie noiiK ««t alU en Belgique Audter sp^cuUetDent le oontrAle de 
ninte. La ing^nieun Beiges estiment que oe ou«r6le oocasioQne 



moysiuioiDent par an im aocMent aortal; oe resoltat ststialiqie, loL 
regrettaMo qu'il salt, est pourtant im btsn bublo ehiflSrs, si oa eoesbMre 
qoe let eontrOknirs passeut ea quelqtw sorte tout Is temps du Toyogs s«r 
U marche-pied." 

The number of (Eaglish) mtlea open for traffic In Belgium tn 
1600 was 1288: and the number of milea now open in tf ' 
couniT}- arc 12,799. Snppoeing a proportionate number to 
killed in this country, we should sacrifice ten lives anniul]^ 
after having gone to enormous expense in alteraiions of woi ' 
aud rolling stock, besides wounding a mach greater number of 
servants of companies, iu attemptiug to carry out this system of 
commnDlcatioD. Snch a result would banily be saliafaetory. 
The comuisnoners proceed to state: — 

" Le coDtrAU da roula, il fant U rDocnutaltrB, soar qnm qn'on &aBi^ 
totijnuiii aooompa^^ d'on oertain p4ril. Le p s esc i it e dSine saaoiBf* 
abeolue srer toutM lea Bgnes et en tous Iss pmnta, oe serait poor I'aii- 
miaietration auumer 1* respousatiilit^ de graves aooldeufes et foaar ua 
rAle fAcbeux auptte des agents des oompa^es. Ind^pcfulaiuituiit de 
cetto coosid^nUion. dous avoos vu qae, duis tin ^^nunl tiunibK J'uuvraffcs. 
U fku<lnut (^larger ratrvubciount, en nStrtxiwaiit 1 ontirvolc, mau qoa oe 
r^tricisaanumt o« pnuvait d^paisn- ovrtaioes Umttas. Nons avms 
fmttaM ess oavragas (3* dosner). Tautaf<ns, notn fooiDfratioo pnrt 
n'£tro pas eoTi^Ate; oertunM arcoostaooes particuliiies onS pc mAns 
Aihaoper aux iogiJnieQres de eontrOle. II eit done bien Evident qn*h eel 
f^aa les compagniM doivenl dans le priodpe, raster jnges des ouxlifica- 
tiiios peanblBB a reutrevuie." 

They considered that a maa "oircnlaot avoc precatitioa sur le 
mnrchepiod pourra passer partout ou passe noe portiere onre rte^* 
or in a space of 2 feet The carriages in France vaiy in widUl 
from 6 ft. S in. to 6 ft. 6 iu.; the intermediate space between the 
rails fmm 6 ft 6 in. to 5 ft 10 in.; and the distance between the 
rails and the works, from soniethitig lesa in many cases, to 4 ft 
2i iu. iu the majority of cases. The commissioners came to tbe 
following conclusions; — 

" 1. Le contn*i]o d« route est partout impossible do oMe de renCrevoiSu 
2. Le controlc de route u'est poitsibto sar raccotement qu* anc nas 
diMbauoe de 1 m. 30 (4 ft. 3 in.) eatre I'oxe du rail est&uur^ lea panis 
d'mnTngeH et objet« Urn toule natura ]ilac6i mr le flanc de la voia. OMs 
dislancH de 1 m. 30 psut d'aiUeurs n'dtre coimttI^<e qu' ri I ni. 30 so 
dsisos >lu rail (hauteur a rar£t«i iof^neare, d'une portine ouvert); oials 
elle doit en revaoohe r^gaer encore k 3 m. 70 (haateur de t'ar^te supfr- 
rieuro de U dibe porttto) au dcssos de ce tatmio laih" 

But Ihey recommend tbaU— 

" Lea L-»(Di>agniee devnit organiser sor tooSes las voitores oomposanl 
los traiDs du voys^urs ud cyBttunc de marchepieds et de mains ooaraniM 
horizontalcs, qui permotte, soit aux agents mAmes da train, sMt k dee 
oontr^urs sp^cioux, do pareourir touto la Itmi^eur d« ennvni du otiit das 
acoDtemenla da cbemiiL Lee mattia courantos pourront, ftrt iatermoi* 
pus derant Wporti^nw; mais ellea dt-^t'^inltTnQt. ainsique lemaitEbepieds, 
IBS daux extrlioit^ de !a vuituru a 25 oeotimitna an mobu de largeor.** 

7. GtojfM iefwepn rvmpartmenU. — ^Tliis system has already been 
adopted sxperimpiitally on several lines in this country. It 
would be a partial remedy for the evils complained of, as rcgai'ls 
outrage, bat no protection agaiust nccidenL It would naturatiy 
be least ogreeable to passengers ou loug journeys, where pre* 
teolioo ia most called for; aud it would atford no means in th> 
guucral way of atttacting the attention of tbe ser^'ants of th 
company. Any curtains provided for covering tbe glass wouli)' 
tend to )>revent tbe glass from being useful in case of necessity. 
The Freuch commiseioners, bowever, before referred to, reported 
as follows: — 

" La glaco donuoutv plaofe k U pirtie sapirietue des olobans oflh^ 
flur lino luoirxire (^:tK-lle, quekjaes una des aroatagss de la oommaniea- 
lion entTQ compartimeQts. Ello pout danji curtains ess, tin d'trn utila 
secours aux voyagoui*, inepiror iino craioU! salutxire aux mal inteatioonte 
et conatituer, ea tout ca». un ^pnursntail material ou moral. Elle n« 
porta aucuoe atteinte ni ft la comnioditt^, ni h, rind<^nd«Dc« des 
voyiifi^runi, qui sercrnt toi^oun k mC'me d'cn masquer I'ouverture, I'ils le 
jugpnt & |ir<>iHm. CUu peut d'aillenra, 6tre (oite aveo iiae tses foible 
dppcoae. £li« ne Uime en outre pnaaer, ni lea paroles dee voyagrun, ni 
les couractfl d'oir, oi U fum^e de tabac. Ea a>DS&|uaDoa, oous peiiiHius 
que, (jar IVpplicfttiun do raiticle 12 de I'ordonitance du IS NoTenjhre, 
1 S4a, on pcut d^itiiier U eecuriti puhUquo, ane satisfaction auan |>«u du- 
fiendieuio, et invilcr les 0(iin{>agnies a installer itmntVliatcuuDt, dans 
tiiutes les dnisona, tme ou deux glaees dormeotca, ayaot un minimum 
_0m. ill de baut, sur Om. 25 de largs^ pUc4es immMialeawnt, au 
dessous doe fileU k menus bacgagea «t ponvaniMraieeoavettas ds cheque 
oM4 par mi pi&)e d'otoO' mobile. 

8. CnrtU thoough tha trairu connected mth vhirtkw or b$Ui on ti 
tngine or fenders. —-This system has already beeu referred to 
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I«ngth, as being in extennivd unc both liore und eliewhere; and 
a» naTiDg been found to foil in very loug traias in ita tiniple 
form, though such failures might no doubt be avoided by more 
perf&ot arrangements. It is hardly fitted for further crimplicn* 
tion, connected with interior nn<l exterinr sictiala for the dtlTe- 
reot eompartmenu nf each cnrringe, ihoagli Rome ingpnioun 
methods of accompli ihiug this object have been propoeed. 

9. A trareliing porter, or look-out man, has nlno been referred 
to as umIcms it) fngK, or in darkueiw, vitlMUit extra illuminatiou, 
and it mny be added that the expense of nu extra serviint with 
every train, to do little or nothiuff else but keep a look-out of 
partial or questioDable utility, would be very cousiderable. 

10. £ltctricallooitaic)apparfihtiivron\d npjiear upon the whole 
to be the b«st ntlapted for entturing [xirfect intercomuinnication 

. nil times between all part« nf a. train, though they have the 
aadvantage of being workwl by bntteriea which require to be 
kamiued, wiy once a mouth, and renewed, wiy every six tDonths. 
The French CommtstioD of )S6I report ou tlie subject, aa 
lllows: — 

[*'Cne Ciimmnnication flectriq^nc ponrrait aailo r£»oailpo lo pmblbtnc 
"j^o, 31, lettre do Sieur Fra^natix). Mais une rdflcjtion qui n'a pu 
t Cnite, «i qui domiiie ^rideounent tonte U niiutwn, c'«tt qn'avuit 
_ er au vqy%'eur le moyen d'appeler Ik loi \m ii^eats du train, il 
t 3*ftburd Jtitiner i eea agent* le moycD de so reo'lre auprcs ilu voya- 
or, ear im ae pout raboonableawnt adjnfattrv qu'ou arrOt** lo tnun bu 
euar sisiuU ctuanout d'un oonpartioMnt II iixub nemblo d<<nc t<int k 
1 prematura ile mettre 1m voya(^un ea relatiun avec l« af^nbi du 
oDOVoi, t*ut qu'iiu n'aum [>au rt-auto la quettion titi rutttr<"ile d« nnito." 

I have already referred Vt a remark which waa made in regard 
to Buch apparatus by the Clearing-h'tuse ctinimittee of 165Z, and 
I append a list and brief desLTijtti >n of ihe dilTerent |iatenta 
which have been taken out at differeut limes for the use of such 
apparatus. 

The most promiaing appamtua that I hare yet seen ta of Ihia 
descripttou. and has been fitted op on the I^iid«n and Soulh- 
Weflleru Hailway, under the direct RUpenute tide nee of Mr. 
Bh<ece, the telegraph sitperintendeut of that railway, a patent 
Hfevinc been ohtiined for it by Messrs. Preece and wdboroogli. 
Believing that it was likely to prove efficient, I hnve myself taken 
paiiiH in sugtieHting mot Uticat ions a^ to 5ome nf tu pnrts; and I 
think tliDt il merits in its prespnt Ktnte a detailed noticu. 

The lequirod oomrounication in effected by a cuiuplcte voltaic 
circuit thi-ou^'hout the train. A paRseoger by hreakino the glas* 
face of n small box in any compartment of any carraige, cauaea 
a aemapliDi-e arm to drop on each aiile of the carnage, and b«Ma 
lo ring tu every guard's van and on the engine (or tender) all at 
be snme moment. A guaivl, by pressinR a small hution in any 
Jrenk-van. rings the engine-driver's bell, and the ]«ll*i of any 
|ber gunnis there may be in the train. The engine-ilriver can 
'ug in like manner the helix of h11 the guanls, and iii thus pro- 
de>l with a Mjiual to be nxed in addition to his steam whistle. 
The Itells of the engine-driver and guards are all mng on the 
fracture of any of the c<^upliiig8 In the train. No huuits are 
"" r>ride<i for night signals, it Iwing thonght au'ficient that the 
___ ard should, after the train i* stopped in obedience to the lig- 
nal of the passenger, be gnideil by the semaphore arms only to 
tfae proper compartment. 
~^ The iuHtruroeni to be acted u{>on by the passenger is on tfae 
lue principle as the child'a toy — the jack-in-the-box. Aa soon 
either of the gUases which form its faces is broken (by a 
blow from a hook, parasol, walking-aiick, or other article in 
common use), a small piston thurt released is urged forward by a 
■piml spring; catchea are lifted from pint provided ou the sema- 

(luorearrosnt the sides of the carriage; theae semaphore arms 
iill by the force of graTity from a nearly vertical tn n hnriz'tntal 
j>o<4itioD; and the earth connection beitig formed on both sides of 
the carriage, the voltaic circuit is completed iu both directions. 
Each box h.ts two glasa faces, one projecting into each of the 
contigunus cHuipartmonts in each carriage. It is as yet a qne«- 
tioii uhcllier the spring in the Iwx ought to bo placed longitu- 
diually, or tiansverHCfly between the semaphore arms. 

The ttomnphore arms are constructed of iron, and are suffl- 

y heavy to full with certainty by their own weight, aa soon 

/ are leleasel iu the matiuer above de«crit*ed. They rub 

in fallitig Hpiiuat three niet,il springs provided for the purpose 

OQ eacli aide of them: and they strike ou a copper wire, so that 

four surfaces are presented which can hardly lail in citmbinatiou 

to ensure vdliaic wtntact. 

The couplings between the carriftgea luivc already been used 



succeswfully on the French railway, the "Chemiu de-fer da 
Nord." Tlie couplinffdiook is of gun-motal, and is kept from 
contact with a knob o? similar metal above it, a« long as the eye 
is upon it. but as soon as the carnages beoome detached, the eve 
ia pulled off the hook; the latter is torowl up by the action of' a 
self-eontainrd spring against the knob; and the circuit being thus 
completed, the belts are rung throughout the train. 

Iu nrtlar to eu-^ure a mora perfect counection, and to provide 
for the carriagea twiug used to either direction, two wires aw 
placed under, and two couplings are affixed at each end of each 
carriage. 

The bells iii the guards' vans and on the engine are trembling 
bells, of the ordinary doeci-iption, riugiog incessuntly as lonff as 
the current is maiutained; except lliat they are prevented m>m 
ringing when the circuit is incomplete, from the mere oscillation 
of tlie train, by an ingenious device. A stop-bar, which is in fact 
the armature nf a seoood magnet, fiilla and interposen between 
the striker and the RuDg vbenever the circuit is broken, and is 
lifted out of tlie way when the ctirreot is re-established. This 
bell has aUo, I believe, been usod iu France. 

The only part of this apparatus which afipears to be liable to 
fail in practice is the glass lace of the jack-iu-the-box. It is a 
question whether the enomioua unmlwr of glHJisps that wonld be 
required could be so nicely adjusted an not on the one hand to be 
frnotured too easily from the juhing of the carriagea, or on 
the other hand to require tuu great a blow from a passenger. It 
is not il^imble that they should be liable to fraoture by a slight 
nociiWnul blow, or without serious intentiim or real cauae of 
alarm, -^nd there is no lenaou why a small hammer or mallet 
should not be suspended uear each box, with which a stout glass 
or porcfltin face might be easily broken. But, indeed, the jaok- 
in-the-brtx )trinciple is by uo means essential or necessary to the 
retnaioder of the apparatos, which may quite as easily be eet iu 
action by a button or handle of any deaeripti -n, either covered 
by glass, or so enclosed iu glass as to be iucapjible of action with- 
out the fracture uf the yliiss. The first cost of this system would 
be very cousJd^rabh', thun^h small when compared with tho 
capital of the respective cr-mpaniea. 

It is estimated that the fitdug tip of every engine and van 
would cost £t< f«., of every can nge £S U*., and of each caiHage- 
truck, horae'box, &c., £2. A^<iuniing that the fitting up of 
engines, enrriages, vans, aud all vehioka employed in pasaeuger 
trains, oould be efficiently completed at the rate of £S lor ev^ry 
passenger carriage, then the total cost (based on the returns of 
rolling stock up to the end of 1863) wonld be, on the following 
lines:— 

£. £. 

London & North WeiUiTn IS, 444,asagainitatot&loapitalo( 43,6V2,&80 



Grtnt >Vc6tcni 12,4^0 

(allovriug jCIO por caiTiage.t 

North Eutoni 

Great Eastern 

L'miton k South Wsstani 

.MidLind 

(irtat Northarn 



42,5«2,'i77 

8,604 „ „ S6.043,3^8 

7,ui2 „ „ Si, 159,058 

7,fl7t „ „ 18,846,127 

7,25« „ „ 27,448,ti»8 

6,240 ., „ 13,040,276 

Calculating at £10 per mile on an average for all llneit In 
EngUud, Scotland, and Ireland, the total cost of its adoption 
would beaboot .£1^7,990. 

The cost of luaioteuance would not be very great, though no 
doubt the necussitv for keeping so many extra applianon in 
workiug order would be a serious objection and disadvantage to 
the railway compauies; and if the general condttiou of earriago 
lamps be taken as a test, the difficulties in aach a case wonld 
appear to l»e great. 

A man would be required at each importaut junction and si 
each terminiU station, to examine, te^it, attend to, and renew the 
apparatus as required; and an inspector on long lines of railway 
over every three or four men. The expense of these men and of 
renewals would vary much ou different lines, but may be roughly 
estimatud at 10 per cent, ou the first coat above given. It woulil 
thus be ou the same lints — 

London k North Wcrtem l(i4G.{*"**^ 'foj%"'**'"*^}2,4n.410 

Gr«at W«rte«J 1249 „ „ l,«72,l«0 

-- ■ - — - 1.330,198 

1.017,198 
67^104 
;P0,3S1 
802,967 



Nurlh CsKtMli £64 

Midland 7SS 

Loudon k !5outh Weston 767 

Gtrat Ea*tem 791 

Great North^rm ... 524 
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Tbere can, I Ihiok, be no donbt of iho po-ivibiliiv bj some such 
u^ihrKl as tho above, aa well an by other nieLhr«U,'of providiug a 
mcims nf intcicoramunicntioD in tmiun in n, more or leae perfect 
nmiiuer acciirjiag to the expense iucurred; aud it ouly remoiaa 
U> nmke oue or two remarks In coDcIiwion upou the very ira- 
|)ortftDt queatiou, huw far it may be dcsimbltj to place such a 
eoii)iQiioic:\tioa in the Lauda of tho public 

It la impossible to consider tbia n&rt of the subject vrtthoat 
dr&wJug a diatioctioo Wtweea those luug joarueya in which it m 
niorere(jaiFe<l,an«l that railway onmibuBtnilTic in which it wouiti 
be of luinur ntiliiy. 

Ft aeetoa prcpoat«rous on the one hand to deny to a paaseoger 
who ia shut into a oomportment for au imbroten juurnty of from 
one to two hours any opi>ortuDrty of cidling attoutlou, and if 
necemiary of stopping the tmiu, iu the eveut of fire, of wrioua 
accident, of gross outrage, or of alarming illueaa. Oti t!ie other 
hnnd, those piiSBcngera who cut the carriage liuiiiga, write with 
dlftmoD'ia oiH>u the carriage windows, and break the lamp gloasea, 
and thi» more couiiuunly on short journeys, caiiiiut be expected 
alu>gether tu abstain fruiii iuterfereuce with any AJgnalii which 
luny be pi-ovideil for their protection. Unless the aenranta of the 
company were iuHtructe<l to stop ench train after an alniin had 
been given (upou seeing no exterior cAuiie for it) under the pro- 
teclion of the first fixed eignula that they reachetl, thero would 
be com[M\rative]y little use iu providing a means of oommnnica- 
tiou to thetu frocii the paaaeDgers, as a proteetiou against outrage; 
and if the ti*aiii8 are to bs stopped wheuever a pattsonger niakoa 
a signal, tt is uecea&ary that s* ine provision should be made by 
tlie legislature for tbu punialiuient of those who cauae the 
stuppAi>t! of tnuDs wilhonc just cause, uh well in the interest of 
the truvL-lling public as iu that of the railway cunpanies. There 
would be a further diliiculty, which aiuuoi be overlooked, Iu 
dealing with poraous of either Hex who might imagine or 
exaggerale dangers, which either <lid not exint or did not render 
necettsary the niopfwgH of a train. 

It would hai-dly be jKiMible, politic, or proper, to luflict 
ptmiislimcnt upvn such persuuK, acting from an honest feeling of 
real alarci; but a better remedy for or preveutive agaiuat such 
au nbu^e of the system is probably to bo fonud in the use of such 
an iuDtrinnent iu the carriages, whatever its form, as would be 
nnlikely to be Mt in action unleii« iu case of urgcub necessity. 
Any UQcovorcd handle, or taasel, or kiiub, placed within too vtmy 
reach, wonid be liable to le trifled with and tu be set in uciioa 
bva cliild, or a nervooa poasenger, rdmost or quite uuiutenlioD- 
ftlly; whereas a yliisa not too slight, used as a screen or cover, or 
ad ru the method above doscribe*!, would only be broken under 
thu pre.isiir«' of couiiidenibic alarm. The key of the door of each 
compurtmuut hrui in some of the French tnilway carriages been 
pinced WLthiu ri>acli aud protectt><l iu tliiri mjinner. 

1 have nut desired, iu preparing this report, so much to offer 
any direct expresaioit of ray own opinion as to what, if auy, 
me^uia of oommuDJcation between passeugera and guarLls sboald 
be provided, aa to phico the whole question fairly before their 
lordships, it* hiatijry, its dil)icultle«, the modes in which they 
may hn mot, the danger* tu be encountered, the advantages to 1^ 
obtained, by the ditlerent mathoda proposed; and I- hope that 
some a.isitil;ince may thus be raudereil to the meeting of general 
raanfigem ut the It.'iilway Clearing-house, as wt-IJ as to those 
noblriuen and geutlomen in both liouHes of Parliament by whom 
the d^ci.siiui as to what will be most desirable on the part of the 
railway compauieit, and in the intereata of the public, muot 
ultimately be pronounced. 



di;bun waterworks* 

By P. Nkville. 

Toe Rupply of water to the city of Dublin was fur several 
oanturies entirely obtained from the river Dodder, acro^ which 
a weir has beeu consitructed near Templtfogue at about live mllfs 
Uiatauci- from Dublin, and whence the water was aud is attU 
conveyed into Dublin by an open conduit called the City Water- 
oourAe, In 177A thu water supplieil from this source was found 
ao bad aud insulhcicut that the corporation arranged for obtatu- 
ing what wjui then c'»u»i»lered an ample supply of water from 
the Grand Canal; and again iu L8ti0, the quantity having become 
iusuSicieiit, a better supply wa« procured from the Grnud Canal, 

* Itcsd Mtbe luatUvUoa itt MocbA&iCkl EukUkct*. 



and alao from tho Koyal Caoal, which w&a meaaared by orerfalls 
of a certain length. Tbis last arraugemeut was made to extend 
over a term of sixty years, and under it Dublin has been sup- 
plied up to the prp^eiit dale. The Royal Canal supplies water 
to the north aide of the city, aud the Graod Canal and City 
Water-course to the south aide, tlx^ watur for the former being 
received in the city basin at Blessiugtou-street, and for tlte latter 
into ibe James's-Blrt^et aud Portobello basins. The level uf the 
water tu the north side baeiu is 7d feet, aud Jn the south baaiu 
76 feet, above Oiiinaucn datum, which is the level of low-wnter 
of a twelve-feet tide. The surface levels of the lowest paiis of 
the city along the quays range from :iO feet to 28 feet above this 
datum, aud the bend of water iu this part of the city is, tber»- 
fore, only about 50 feel, while over the avei-age of the city it ia 
not more than 2-'^ feet, aud some parts are at too high a level to 
be supplied at all. The water obtained from the Pixldor is of a 
soft quality, ami woulH be very good fur domestic use were it 
not for the pullutlDus received from paper and other mills which 
have beeu allowed to be erected from time to time along the 
course of the river. The water of the canals is vary hanl, 
having a hardnem of 16 deg. to IC deg. by Clarke's lest, aud it 
is liable to great |HjIlutioii. Fur many yearii the want of a really 
good supply of soft water, and at high prt^tture, for tlic city aud 
suburban districts was strongly felt, and various plaus were pro- 
posnl for obtAiniug a new or improved supply. In 18.57 it wis 
proposed to obtain a supply from the oaztala from a higher level 
where their water was mure pure, and it was afterwards proposad 
to obtain water from the Litfcy at about twenty milea above 
Dublin; subsequently, in )8G0 the whole qneatiou of the water 
supply to Dublin was referred to a royal oommissioner, Mr. 
Hawkshaw, who recommended the obtaintug a supply of water 
from the river Vartiy. Au .\ct was obtained in 18t3l for the 
purpose of carrying this into elfcct, and tho work waac^mimeucetl 
iu November lt>62, the amount of the contract for the whola 
being £274,000. Fiually, iu 18W>, it was de«niled that the beet 
source from which an improved supply ould be obtained, wae 
the river Yurtr}', and for tbia purpose the Dublin Cor^ioratioD 
Waterworks Act was paescil io 1861, and the first stone of tho 
new works was laid at Stillorgan in 18fi2. Tho river Vartry 
T\M.a at the soutboru base of the great Sugar I^>af Monntain io 
tho county of Wicklow, aud U'>ws iu a southerly direction 
through a very thinly populated country, reaching the Devil's 
Gleu at a distnnoe of abf>ut teu miles (rom its source. After 
liassiug over Uie fall, it continues through the glen, and by Aab- 
ford aud Kewrath bridges to tho bnind lough, from which it 
flows iuto the sen at Wicklow. The water of the Varti7 is ool- 
k'ct&d entirely from a clay alate district, and is peculiarly soft 
and pure, aud during the greater {virtuf the year quite free from 
all colour. It is almost identical iu aualytds with the lAich 
Katrine water, which now supplies GLisgow. R-iin gauges have 
been set up in ditTereiit jicMitiouH, aud at different elevations 
within tho drainage area of the catchwater bastu, which have 
been uccumtcly obser\'i.'d fur more than four years, and they 
have registeretl (.be following na the average annual receipt over 
the whole area: — 

incbM. 
l^'ll ... ... ... ... ... 60^7 

iftua ... ... ... ... ... 60W 

18fl3 ... ... ,.. ... ... 44-85 

1864 ... ... ... ... ... 4»-3« 

Tliis is a much larger rainfall than it was originally calculated 
that tho district would yield, aud leaves no doubt as to the 
sufficiency of snpply: and the whole of the water from tho citch- 
toent is available ior the waterworks purposea, aaidl miU righta, 
&C. along the course of the river have been bought up, and no 
oumpeDsation water has to be given off. 

The place selected for the forumtiou of the storage reservoir ia 
at BotiDdwood, about 7^ mites below the source uf the 
river; aud at the point where the great embaukment for the 
reservoir has U-en constructed. The bed of the river at this point 
is 632 foet above Oi-dnauce datum, or '>^ fuel above the highest 
part of Dublin. Tlic drainage area above this point is i:),Utf3 
acres, or 32 square miles, aud the area of the reservoir will be 
409 Bcrefl. When full, the level of the water will be 6^ fmt 
above tho datum, and the reservoir will hold about 2,400,000,000 
gallons of water, or 200 dnyn' supply for the city aud suburban 
districts, taking the daily quantity (■etjuired at 12,0(hi,i»00 gallons: 
but thiit iii much in excess of what it is expected will actually 
be required for many years, :i8 the present population to be 
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aupptioil is onlj about 340,000. The qunntity ca1culnt«d fur 
would supplfa popnUtifiii of 400,000 with £o culloiw i>er heai! 
per <Jbv, an<l leuve a surplus of 2,000,000 galTuns per day fur 
manufactiiriiig and other purpo«ea. 

The xuMu embunkmetit of the fioondwood i-e«er»oir ia 66 feet 
high in the deepest |fai't, aod the grenteet depth of water io the 
reservoir 60 feet. The euibaukuieot is 2000 feel long on ihe top, 
and will have a public mat] 24 ff«t wide CArribd over it. Tho 
entir« hrendth of hank at top ia S>^ feet, and at base, iu the deepest 
part, 3S0 feet The outer slope ij to 1, and the inner 3 to I, 
and the t^itftl quantity of earthwork in the emlianknieut is 
3JO,000 cubic yards. The puddle wall is 6 feet wide at top .tod 
about 18 feet wide at bottom, on the level of the .snr&ice of the old 
river bank, and thruiighoot its entire length the puddle wall is 
carried down to the solid rock. The by-waRh, or waste weir, is 
300 feet long. A tunnel for tho outlet from the reservoir is formed 
noder the eastern end of the embankment by excavating an open 
cutting into the rock, and then arphiui; it over with a aemi- 
circuhir arch of ashlar stuoe 4 feet thick; it is 14 feet high by 
14 feet wide in the brciadeat part. Near the centre ufthis lunnel 
isabriok plugging 20 feet thick, carefnlly toothed into wedge- 
shaped recesses iu the solid rook. Tbroagh tbi-i plugging are laid 
two cast-iron pipes of 48-inch and SSinch diameter, tiio larger of 
which is intended chietly .is a sluice for lowerin;; the water level 
in the reservoir quickly, and it is continued into the tail of the 
by-wash near where the latter joins the old river couree. The 
33-inoh pipe is for conveying the water into the circular dia- 
tribnting basin, from which it passes by conduits to the filter 
beds, and thence into the pure water Ltnks. In the valve 
chamber at the outer end of the embankment tunnel a veir 
OMQplete set of stop valvrs will be plaoed, fur ennhliug both 
the 4SdQch and ^^inch pipes to be worked, as may be required. 
At the inner end of the emhiaukmeiit tunnel is bniti a water 
tower, into the Itottom of which (lie .l^-inch pipe is caiTied; and 
iu the sides of the tower aro inlet openings with valves 6xed 
on the inside, for enabling the water to oe drawn from the 
reservoir at different levels, ia order that It may be drawn off 
iu the best stAtc fur uw>. 

The liltor beds and pare water tanks cover about 6 acres. 
There are seven filter beds, each 205 feet loug by 1 10 feet wide, and 
any six of these working at the s»mo time will bo sutlicient to fdter 
the requirud qnanlity of water, so that one can always be !t|Mired 
for the purpose of cleansing and w.-ishiuj; the snnd, for repairs, 
Stc The filtering materiiU employed will be saud, grave], and 
broken stone. Ilie two pare water tanks which receive the water 
fi-uu) the Alters hold 2,730,000 gallons of water each, and are 
placed M> that faar of the filters are on one side of them and three 
on the other, the remaining space on the latter side being occupied 
by a sand cleansing machine, and store for the sand. Prom these 
tanks the water will be carried for a distance of ubout 700 yards 
ID a cast-iron pipe 42 iuches diameter, laid with a fall of (i feet 
per mile until it reaches the tunnel, into which tt is carried for 
a len^fth of 120 yards, so as to get to the solid rock. 

The tuuuel will be 4367 yards bug, or neorly 2i miles, the 
entirH length being through very hard Cumbrian rock, full of 
quartz veins. Tweuty-oue shafts have been sunk along the course 
of the luouel, from which the mineris work right and left; and 
up to the present date the hea^Iingft from five of the shafti have 
met, and 3160 yards, or 1| miles, have now bceu tunnelled. The 
tuuuel is 6 feet high and 4 font wide, and has a fall of 1 feet per 
mile throughout. This work has turned out much more difficult 
and tedious than was anticipated, chiefly owing to the hardnoiss 
of the rock, and the great quantity of water met in the shafts and 
headings, which requires very large pumping powtr,thnd it is 
calculated that the tunnel cannot now be completed before the 
latter end of next year. 

At the iuwur or Dublin end of the tunnel there will be a 
relieving tank and mea.-turinu; weir, where tlio water passed down 
for the supply of the city will be ganged daily. From this tank, 
in which tlie surface of the water will be 606 feet above the 
OrdDaooe datum, a .3.1-ioch nmio conveys the water to tho distri- 
buting reservoirs of Stillorgan. A self-acting stop valve at its 
junction with the tank pi-events floodinj;, in the event of a pipe 
borstiog. The average fall in gradient at the main is 20 feet per 
mile, and it {musos the villago of Newtownmountkcnuedy, and 
Chen along the ooach rood through the Olen of the Downs to the 
Kilmurniv relieving lAok, which is 7 miles from the lower end of 
the tunnel. This tank is cii-cular, excavated uut of a gravel hill, 
and lined with puddle, covered with pitching. The end of the 



main delivery into the tank has a 33-inch donble-nctlog stop 
valve, and there is a self-acting valve on the mouth of the main 
leaving the tank. The surface level cf the water in this tank is 
473,tX!*0 feet above ordance datum, and tho urn-ia is then bruugUt 
down again to tho road, and oontimrad 3 miles to the Kilcrony 
tank, situated on the top of the s'Xiilicru Wnk, aud cummaudiug 
a remarkably fine aud extensive view. Owing to tlic loose 
ehai-nctcr of ihe qiuu-tz rock in which thia tank is excavated, it 
has to be lined with puddle. The water head is 214 feet above 
the datum, and the lank is provided with inlet aud outlet 
S.'J-iDch valves, similar to the preceding. The maiu ia then 
carried down under the Dargle river, afterwards under the Cuok- 
strevan river, and to the lUthmlchael relieving tank at 3^ miles' 
distance, which is exravuted in the rock, aud happens to be 
sitnated exactly ou the junction of the granite wJLh the clay slate, 
a<t that one side of the tank is in granite &n<l the other in slate. 
This is n square tank and puddled, and the level of the water in tt 
is 341 feet above the datum. Here also there will be a double- 
action stop ralve and a self-acting valve, as described for other 
tiiuks. The main is then cnulioucd for nearly 4 miles, portly 
along the Wickluw Railway, having a self-acting valve and stop 
valve inserted in this length, aud it terminates at the two 
dislnbnting reservoirs at Stillnrgaii, making a t«ital distance of 
17^ miles ftoni tlie lower end of the tunnel. The water area of 
these reservoirs is IK acres, aud their average depth about 20 feet, 
80 that these two will contain about l>0,oyu,000 gallons of wat^r. 
The surface level of the water in the upper reservoir is 274 feet, 
and iu tlie lower 271 feet, above tho datum, aud the latter is, 
therefore, the working pressure for the stipply of Dnbliu, the 
distance being 4j miles from the city boundary, making a total 
distance from Kouudwood reservoir of '26 miles. The 33-iuch 
inaiu is laid into each rexervoir, and the stop valves arc so placed 
that either reservoir can be worked at pleasure; the two reser- 
voirs are also connectcil together by a pipe laid through the 
dividing cmh.inkmeDt. 

At the lower resei'voir is oonstrueted tho valve hooso and 
screen chamber, into which mahm from each reservoir aro laid, 
luj^uthcr with ouo iu direct coiitimuitiou from the Vartry main, 
and by the svstem of valves placed in this chamber the water 
can be drawn from either of the reservoirs or direct from the Vartry 
main. In the latter case it is not exposed in the reservoirs at oil, 
which, in warm weather, it is calculated will be a great advantage, 
as the water will thereby be delivei-ed cold aud pure. At Uia 
same time there is U\e security of having always about ten days' 
supply of water in the reservoirs iu case of any accident to the 
main pij^e, thus obtaining ample time for any repair. The 
screeu chamber will contain a set of copper wire screens, through 
which the water is strained before entering the delivery mains, 
BO as to remove the possibility of any email substance being 
carried iuto the mains. Thesescreens will be clenused periodically 
by a ho«o and Jet, and the arrangement of valves are >uch tvi 
to allow of this being done at any time without interfering with 
the regulating of the supply. A double line of iweoty-seven 
mains are laid out of the screen chamber with self acting valves, 
extending 4j mites to the city boundary. The double lino haa 
been Uid with the view of preventing the possibility of any 
stoppage in the sappl)^ by the bursting of a main or the necessity 
for any occasional repair: and connections are made between the 
two mains at three points, with gr<mps of stop valvee, to afford 
the means of turning' the water from one miiiu into the other as 
occasion may n>quiio. The valves have been placed on aU 
summita, and scouring valves in all hollows. 



LIMES, CEMENTS, MORTAUS, AND CONCRErES.* 
By Cras. H. IlAfiWELi. 

Tub calcination of marble or any pure limestone prodocea 
lime (quicklime.) Lime, from its great alfinity for moiatnre and 
cnrbonioacid, reqi]in*s to be preserved from these deteriorating 
agents by being packed in close vessels. 

Lirnettonta. — The pure limestones burn to a white lime, and 
give the richeat limes. 

The finest calcareous minerals are tbo rbombohedral prisma of 
calcareona 8|iar, the transparent double-reflecting Iceland spar, 
and white or statuary marble. 

* CoUwiwI rron tbe otewnucn* saJ u|wniu«i>ii ot Qvoenli uumon uid ThOmi, 
V.9.A, sad MM. TieM, Cbalosar. Ufot, foi Dap«a(. vFnu Uw Juonml 'if lUe 
FnckUs liMUtnte.) 
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to onler tlmt Htue when biYinght to the conditioQ of a paeto 
fjr OH as a biucllog medium shnlt nfierwarxls biinltfri to soliditj, 
it )B Dcoesaary that other euUatnnceii exist in a PtAto of iutcr- 
mixture with it; anrl ihene suhniances nre foiiDd to bo silicd, 
Mluniioa, uia^esia, iron, runDf^nQooe, &c. 

The striking and ohnmctcristic proiwrty f>f bArdcning under 
wiitor, or wheo exclndijil fmoi the air, cutifarred upon a poBte of 
lirue by theflo foreign subMlAiices, when tticir nggregnto Amoant 
cxc«e<!s one-tenth uf the whole, fumiali(<a the bnaiB for a cvneral 
M-rRQf^ciueut of all natural or artjticiiil products auitAole for 
mortikr*, inlo fire distinct classes, as follows:— 

1. The common or fat limea. 

it. Th« poor or meagre liue», 

a The hydraulic limaa. 

4. The hydraulic cements. 

X The natural puszunlaou, inclading puzzuoUna nroperij so 
caUfd. trass or terras, the artiues, ocbreous earths, schists, grau- 
wacke, and batiallic sanvU, and a variety of similar sabstances. 

Rich linios arc diaaolved fully in water frequently renewed, 
and they remain a long time without hardening'; thvy also 
increase greatly in volume, from 2 to 3'5 times llioir ori^ual 
bulks, and will not harden without the action of tlie air. They 
are rcuilcrcU hydraulic by the admixture of puzzooUna or trass. 

Itich, fat, or couuuon limes usually cootam less tliau 10 per 
cent, of ijupuritiea. 

Hydnitiliu limestones are thusM which contain iron and clay, 
M AB to enable them to prodaoe cements which become eohd 
when under water. 

The pnstes of fat limes shrink, in hardening, to such a degree 
that they cannot be used as mortar without a Uu*ge dose of sand. 

Poor fiuies hare all the defects of rich Uniea, ouct increase but 
fflichtly in bulk. 

The poorer limoe are invariably the basis of the most rapidly 
seiting and moat durable cements sioil liiorlarn, and they nrc altto 
the onlv limett which have the pru|H:i'U, whuu in conibinntiou 
with silica, &v,, of indurating under water, nnd are, Iheiefore, 
applicable for the admixture of bydratilic cements or mortars. 
Thfv generuMr contain silica (in the shape uf saud»;, idi ini i na , 
magnesia, oxitie of iron, oxide nf ntauganesc, and in most cases 
traovH of the alkaliei in relative proportions, which N-ary very 
CMisidorably in different localities. Their aggregate amount is 
ieldotn less than '10 or greater than '25, tbongh in some Tarietlvs 
it reaobes an high as '36, and ovtjD, thongu rarely, '39 of the 
whole. lu slaking, they proceed sluggiably as compared with 
ilie rich limes, and seldom proiluce a Tiomogeneoas and Impal- 
[iftl'K* [lOwiler. They exhibit a mt-ro moderate elevation of tem- 
peratnre in tuliikiug, and are accompanied by a much smaller 
incrvase of volume than ri<:li lirnea. Like the latter, they dis- 
solve in water fi*e(]uently renewed, though more sparingly, owing 
Ut the presence of a larger amotintof impuriliesj and like them, 
they will not harden if placed in a statu nf p:iBte under water or 
in wet soil, or if excludnl from contact with the atmosphere, or 
carbonic acid gas. They should be employed for mortar only 
when it is imp-Jtcaible to procate oommon or hydraulic liioef or 
cemeni, in which case it is recommended, if practicable, to 
i-*dute litem to powder by grinding. 

Lim« absorbs in slaking a mean of 2*5 times its volume and 
'i'2^ times its weight of water. 

Hydraulic limes are those which readily lianlen umicr water. 
The most valuable, or "eminently hydraulic," set from the succnd 
lo ilie fourth day after inimereicn; at the end of a month they 
beooitte hard and Insoluble, and at the end of six mnnthg they 
are capable of being worked like the hnnt nittural Itnictat'iMua. 
They absorb less water thtm the pure Umea, and only increase in 
Udk from l-7.'> to i& times their original volume. 

TIip inferior grades, or " mnderately hvdroulic," rej^uire a 
lunger period, Hiiy from fifteen to twenty days' immersion, and 
oontinue to harden for a period of six mouths. 

The property of hardening under water or when exctadeil 
from air, conferred upon a pasl« of lirae, is effected by the pre- 
Mtuco of ftiretgu 8ubstanci>8, as silicnni, alumina, iron, &c., when 
their nggre^atu presence amounts to one-tenth of the whole. 

TIk> ri-si»ianc» of hydraulic lirne increases if the sand is mixed 
ID the pro)K)riion of .VO to 1^0 per centum of the part in volume; 
fix^i theucNii it decrease*. 

Aji a general rule these times undergo, in slaking, an increa^ 
nf vuluuio iuversely proportional to their hydraulicity and 
qniekuess. 

Slaked Hmc is a hydrate of time. 



M. Vicat declares that lime is rendered hydraulic by the nd- 
mixtnre of a proportion of from 33 to 40 per centum of clay and 
silica, and that a lime is obtained which doss ooi slake*, and 
which quickly set^ under water. 

ArtiD(.-ia1 hydraulic limes do not attain, even under favooroble 
circumstances, the same degree of hardness and power of r«si»- 
tauce to compreesion as the natural limes of the same class. 

The close-grained and deoaest limeetones furnish the best limes. 

Hydraulic times lose or depredate in value by exposure to the 
air. 

Areues is a species of ochreous sand churned to bo of foseU 
origin. It is found in France. On scoount of the large propor* 
tion of clay it conUiua, sometimes as great as sevan-tenths, it can 
be mode into apasie with wat«r without any addition of lime, 
and hence it is sometimes use<l in that state for walls constructed 
en pitf, as well ns for mortar. Mixed with ridi lime it gives 
oxcelleut mortar, which attains great hardness under water and 
jKweesses great hydraulic ener^. 

Piiz2uotana is of volcanic origin. Tt coroprisce trass or t?r 
the arcnes, aomo of the ochrooua earths, and the sand of certain 
grauwackes, pramuntes, gninitcs, wrhisls, and bosalta; their 
principal elements are silica and aluiuina, the furmer |)re|Kin- 
derating None contain more than 10 percent, of lime. When^ 
llnuly pulveristid without previous oalctuation, and combine 
with the paste of fat lime, in pmportiona BUtlable to supply id 
deficiency in that element, it possssst^ hydraulic energy to i 
valuable dugrsa. It is used in combination with rich lime, and 
it may be made by slightly calcining clay, and driving off tbe 
water of combination at a temperature of 1200^. 

Trass or terras is a blue-black trap, is also of vulcanic ori^. 
It Is obtained from pits of extinct volcanoes and has nearly 
the distinguishing elements of puzzuoluuo, resembling it in com-' 
position and in the requirements of its manipulaiion, rv>iutring 
to be pulverised and combined with rich lime, t*) render it fit for 
use and to develop any of its hvdniulic properties. (For an 
analysis of them, see ilurni^ll uu Limes, Cemeuta, Mortars, &c) 

Hrick or tile dust combined with lioh lime pOBOesaee hydraulic 
energy. 

Geiiernl Oilmoro* dcsignntes the varieties of hydraulic limea . 
as follows: if, alter Iwing slaked they hnrden nuder water ia| 
perimltf varying from ^fteen to twenty days after immursioii,- 
alightiy hydraulic; if from six to eiifht days, hydraulic; if from 
one to four days, eminently hydraulic 

The a<?gTegate of silica, nlnmino, magnesia, oxide of iron, kc, 
contained in tlieite limes seldom exceods '35 of the whole. Tfafl 
proporti<~'U iu the 6i-st class varying from '10 to -2U of the wholc^^ 
in the mioond class JVom '17 to ']i4, and in the latter class from 

•20 to -;i.5. 

Pulverised silica burned wiUi rich lime produoes hydraulia 
lime of excellent quality. In experiments by MM. Chatouey^j 
and Kivui, this lime hardened under water in fmm three to fou 
days, and acquired in twenty-two mouths a harduoas superior to 
Portland cement. The weight of the [Mwdered lime never ex- 
oeeded four times, and never less than oue-balf, that of tbe 
{xiwderod silica. 

Hydraulic limea in their composition, and in their value Cor 
application to the purposes of construction, and iu their geolo- 
gical position, occupy an inlerraediaie pUce between the common 
or fat limes and the hydraulic cements. Tliey are found iu the 
United Stfites, in numerous and txiensive depcwiLs. _ Hydraulic . 
limes are injured by air slaking, in a ratio varying directly witbl 
their liyilnmlicily, unrl they deteriorate by age. For foundation*! 
in a daiup soil or exposure, hydraulic limee must be exclusively 
employed. 

Ctmmt*. 

Hydraulic cements contain a larger proportion of silica, alo- 
mina, magnesi-i, ic, than any of the preceding varieties of time; 
they do not alnke after calcination, aud they are superior to the 
very best of hydraulic limes, as some of them set under water at 
a moderate temperature (6.^°) in from three to four minutes; 
others require as mftiiy hours. They do not shrink in harden- 
ing, and make an excellent mortarWithoutany admixture of saud. 

Koman cement is made from a lime of a peculiar characlera 
found in En(jlan<l and France, derived from argillo-caloareomjj 
kidney-shftped stones, termed " Septaria,^ and when mixed thick 
it Holidtfifs in a few minutes either iu air or water; hence, for 
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aomc pnrpovei, it ia of grut utility, and for others its um is 
impracticable. 

The manufactnrod article takes its oame from the locality of 
tbe Btore, ha "Boulogne" ur "Sheppy." 

Roaendale cement, from the towonhip nf Roaenrlfile, N.T., ia 
derived from the vater limcatooe of the Helderburg group^ 
TTlsler county, New York. 

Portland cement ia maile in England and FraDoe from an 
argillo-calcareouB deposit, which ia oumet] nnd groauJ np for 
cement in ita natural state, without the addition of time. It 
reqniree lees water than iIk llomnD cement. It seta slowly, and 
can bo remixed with additiou.il water after an interval of twelve 
or even twenty-four hours from its first mixture. 

The pmporty of setting alow may be an obstacle to the use of 
■ome designations of this cement, as the Boulogne, when required 
for Localities baring to contend ag^odt immediate causes of 
deatnicUon, as in sea constructions having to be executed under 
vater and botwsen tilled. On the other hand, a qniclc-setting 
ewnant is always difBcolt of use; it requires special workmen 
and an active sup^-rvision. A elow-aettiutr ceraent, however, liks 
t)ie natural Portland, pcNMeasee the advantage of being managed 
by ordinary workmen, and it can be remixed with additional 
water after twelve or even twenty-four hours. 

Artificial cement is made by a combinatioa of slaked lime 
with unburnt clay in suitable proportlous, burning the mixture 
to a kiln or furnace and then griutling it, or by substituting for 
the lime a carbonate of a lime that cau be pulverised without 
baminff, or by using artiBcial puzzuolana, or by adding silica in 
a solable form to a paste of common ViiAe. 

Artiflcial puzzuc^lana is made by subjecting otay to a slight 
calcination. — , I'amboor.) 

Salt water has a tendency to decompose cements of alt kinds. 

Mortar*. 

Lime or cement paste is the oomontiag sobstaneo in mortar, 
and its proportion nhould be determined bv the rule, that tlie 
volume of the cemcutiiig Rubstnnoe should be somewhat in 
cucoeas of the volume of voids or spaces in the sand ur coarse 
material to be united. The exoess Leiug added to meet imper- 
fect mauiputstlon of the mass. 

Hydraulic mortar, if re-pulverised and formed into a paste 
after baring once set, immediately loses a great portion of its 
hydraulicity, and descemls to tbe level of the moderate hydrau- 
lic limes. A great destraetion of the hydrsntic principle there- 
fbre reralts from nny disturbanoo of the molecalar arrangement 
of tbe mortar, afUr crystallization has comroeuced. This is what 
oocurs with the iiiteniLediate limi>)«, which Lake initial set 
promptly and (irmly, but which are subsequently thrown down 
07 the slaking of tbe impure oauatic lime which they ooa- 
taifi- 

All mortars are much improvotl by being worked or manipu- 
lated, and OS rich limes gain somewhat by exposure to the air, it 
ia advidable to work mortar in large quantities, and then render 
it fit for use by a second manipulation. 

While lime will take a larger proportion of saod than brown 
lime. 

Tbe use of salt water in the oompoeitioa of mortar injurea the 
adbwion of it. 

Mortar. — When a small quantity of water is mixed with 
slaked lime, a stiff paste is made, whiob upon becoming dry or 
baril, has but ver>- little tenacity, but by being mixed utth sand 
or like subetauoes, it acquires the properties of a cement or 
mortar. 

The proportion of sand that can be incorporated with mortar 
depends partly upon the degree of tiucnoas of the sand itself, 
and pertly upon tlie chanvcter of the lime. For tlie rich limes, 
tbe restatance is iuoreaaod if the aaud be in pro)>ortinns varying 
from 00 to 240 per centum of the paste in volume; beyond this 
proportion the resistance decreases. 

Stont mwlar.— 3i£ lb. cem^t, ISO lb. lime, and 1467 ctibic 
feet of sand. 

Mrkk mortar, — Z25 lb. cement, ISO lb. lime, and 12 cubic feet 
of sand. 

Broton martor.— Xoioo one {tart, saud two, and a small quantity 
of hair. 

Lime and saud, and cement and s&ad, Icaaen about one-third 
is volume when mixed together. 



Anal^tMof Bydraulio Lime*, Cement*, Trau, and PuttzvuioM.* 
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Nob. 1 to were analywl by Prof. E. C. Boynton, Miaa., and Not. 
10 to le by Bertluor. 

(To b* eonuinyttd.) 



THE PATENT LjVWS. 
At a recent meeting at the Liverpool ITall of Commerce, Lord 
Stanley, in a apeech embracing many topics, made tbe following 
remarks upon our Patent Laws: — 

"I was chairman of tbe commission wbich sat upon tbe patent 
law question, during nearly two years. I may, perhaps, remind 
}ou that the commission was appointed solely for the purpose of 
taking into consideration the working of the patent law, nnd the 
poasibilitv of introducing into it amendment of detail. We had 
not tlie right or the power tn gn intn the larger qoestion, whether 
it ia desirable that patents ahnuld in any ease be granted for 
inventions. I may say, for my own part, that 1 went into the 
inquiry, accepting the system of patent law aa it exists in England 
as being one which experience had sanctioned, and to which I saw 
no grave objection. But as evidenoe was given, and tbe Inquiry 
proceeded, and it became neebsaarr to torn over the anbject in 
all waya in one's mind, the impression forced itself more and more 
strongly upon me, and 1 believe npon others sitting with me» 
first, that, on the whole, under the actual administration of the 
law, patents for invontiona did mnre harm than they <lid good; 
and next, that no more administrativo improvement wonld be an 
effectual remedy for tlie abuses which I saw. I am not saying 
anything agiunat the abstract justioe of the principle upon wnlcn 

■ Froa PivMkol TmtlM* « \ 
VS.k. 
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pateoUi are gr&utetl I qaito &llow that if a raloftble ioTention is 
made if it ia due aolely anil eicliiiively to oDe man (which ia a 
Tttiy Urge assutuptinu), ii ia quite fair that he shonli] have hiti 
reward; and it may b« a very reaaooaUe thiii){ that ho abouKl 
take his rcmaDeratioa id the form of a tax upon the profits of 
every one ubid^ his iuventioo. That is the theory; batwheo you 
oome to work it iu practice it ia impoaHible to overlook certaia 
points. You have na eaormoua mtiltipliaitiou of patent)) — paionts 
fpraotcd forialiDilely minute aad trifling iDveotiona. Well, then, 
it ia said, caaoot you limit them ? Cannot yon leave with some- 
body a discretioDanr power to see what iuventions are worth 
patentiuu or not. I do not believe that parliament wniiM grant 
adiscretioaarypowerBoenomioufl; and, iiitdiil (hat, the trihnnol 
would be upset br the remonsitrancca and complaints of those 
who were excludecf. Well, then, I sLirt from this asaumption — 
and [ believe it is one sharetl in by the great majority of those 
who couaider the matter — that you cannot iu a satisfactory way 
discrimiuate between important and unimportant inventions, ao 
aa to grant patents to the former and refuse them to the latter. 
Well, then, what ia the evil arising from this enormous nnilti- 
pllcatiou of natents i In the first place, you have a great many 
which are taken out merely upon speculation, and with no luteu- 
tioD on the part ofthose taking them out to work them. They take 
them out, that is, upon ilie calculation that somebody some day will 
require to use for the purposes of hia business the inventiou which 
they have patented, and theu they can come down upon hiiu, and 
levy a tax upon him. That ia one objection. There is another, that 
I l«lieve it has become in some branches of the business a evstom 
for great eniployerH to buy up every patent tliey can get huld of 
— at any rate, that they can f;ct hnld of at a rcAMonablc rate — 
connected with their branch of bumiuess. And they do this not 
merely for the convenience of using it themselves, but because 
thereby it becouies itupossible for any oiht^r person to go into 
that business without here and th«rti infringing some of their 
pntenta; and I need not tctl yon how a multiplicity of patents 
neld by a single employer, who is a large capitalist, and held tor 
that purpose, mual act in practically necuring a monopoly to the 
holder. Theu thei-e is the objection that, of aJl judicial 
inveatigatinns, those into patent cases are, perhaps, the most 
complicated and the most costly; and whatever you do in the 
way of instituting a special tribunal, or otherwise, in proving 
the mode of proceeding, I do not believe that you can entirely 
get rid of that \'ast cxpcntMi, for this reason, that the complication 
nes not in the legal forms, but in the subject matter of tho 
inquiries. Do what you will, trials of patent cases will always, 
in my belief, be more costly than any others — costly to both 
parties. It fullnwa, therefore, that a wealthy and powerful 
employer may infringe the patent of an inventor who is not a 
capitalist almost without remedy; and, on the other hand, a man 
of no great means, oarryiog ou a bnsiness, if he is sued for the 
infringement of a patent, can hardly dofund himself without the 
risk of rnin. Then, again, there is another objection to them, 
of which I do not think sufficient account h&a becu made. It 
may very often happen that half-a-dozen men arc working the 
same Invention about the same time, but that one of these men 
has got a slight priority, not necessarily a priority of discovery, 
but a priority in taking ont bis jutent. If he han that in his 
power to prevent other persons from using that which they may 
liave discovered independently of him — his [witeut exclndes them 
from the use nf llieirown invention, that invention hapjieniiig 
to be coincident with his, nuless Ibey can prove — what is exceed- 
ingly difficult to prove— that they had it in operation before tho 
time at which bis patent was ta^en. Then, ngain, L think it is 
worth Dotioe that iu the present day it hardly ever hap[i«aathat 
any invention iu mechaoical maltent is solely and exclusively the 
work of one man. Yuu geuerally find, I think, iu all scientific 
matters that there are half-a-dozen people upon the same track, 
and that the prionty of one is very alight iu poiut of time, and 
very often accidental. Supposing that one man hits upon an 
invention, and keeps it to hini^li, the probability iA that of other 
men in the same lino one wilt have hit upon the same invention 
in the same mouth. This is a circumstauce of very considerable 
importance when you are deiUIng with the question whether it 
is proper to give an exclusive reward to the person who happens 
to be the first to lake the iuveution to the Patent Office. I think 
there are fair primu/acie reasons lor ao inquiiy before the Com- 
mittee of the iiouse of Commons into the policy of granting 
patents. I am ignite aware that tlte principle of pro- 
teottng inventions in this way is recognised tlirougiiout Europe 



and in tho United States, and that it has in tliia eoontry ^ 
promineut defenders— I do not mean simply amongst tho 
whose interests are involved — but defenders amongst scieaiifitfl 
thinkers. For in«tance, I recotluct a passage in Mr. Job 
Stuart Mill's ' Political Economy,' in which he speaks uf thai 
doing away with patents as being, ' not free trade, out the fml 
right of stealing.' I quote that only to show how wide ivl 
divergence of opinion there is upon this subject by men whonJ 
we must respect, and how necessary it is that it should b«J 
fairly and fully considered. Nor is It to be forgotten thati 
there is a very large portion of the bar interested, patent agentftj 
are interested, and a large number of persons who Imve oess 
making profitH and advantages to themselves out of this paienltl 
system, as I think, at the expeose of the pnblic. It aeenUiI 
therefore, that the question is not rife for any such decisive 
measure as a proposal to abolish the law of patents, and that 
tho first stop is to submit it to the judgment either (which I 
should think best) of a committee of tiie Houih: of Cormuooa, or 
else of a commission of partly practical and partly scienli^ 
men, who will look thoroughly into the whole matter. That 
is the recommendation given in the report of your chamber, and 
it is a reoomueudation which I cordially endorse." 



THE FINANCE OF ENGINEERING IN INDIA- 
By Major J. G. Medlkt, R.E. 

Bt the finance of engineering, is simply meant that branch of^ 
the sctenoe which relates to the coat and rtturta of public worka,]! 
If not so interesting as tlie strictly prufcaaioual view of the auhjccC, J 
it is quite as important, thou^h unrnrtunatety engineers are aptj 
to look upon it as something beneath their notice, or at least quite 
apaK from their proper avocations. Hence have arisen iuautftcieut 
estimates — ill-considered echeme^-unremunerative works — rail- 
ways paving two percent. — and engineering triumphs like the 
Thanes funnel or " the G reat Eastern." 

It is indeed curious how little attention has been paid to this 
subject. LArduer'a book on ^Iway Economy was the fir 
scientific investigation of the question of transit financialljl 
considered, and Sir A. Cotton's pamphlet on Indian public worki,^ 
though put forth to advocate the writer's own special ideas, wae* 
the first systematic attempt to show the true Iwaring of public 
Works uu the general prosperity of the State, and atartled the 
public like the announcement of aome new discovery in science. 

It may, therefore, he worth our while to bestow a little atteuUoa,j 
on the subject, if only to show what data we have and what ar 
wnnting, for a proper inquiry into tho taws of engineering fioanoe^T 
at least as far as ladla is concerned. 

Like any other nnestiou of finance, the subject r«eolves it»elf 
into the two hrancnes of expenditure and reoeipts. By a proper 
system of .oocouuta we can apportion and classify the expenditure^ 
but of tho receipts in return for, or as a direct oooscquence o^ 
that expenditure, our data are of the very vaguest. Vet is is only 
from a just idea of the pi-oportiou between the two that tbe| 
higher prt)bltfuis of the quention can l>e solved: such as, wh 
portion of its revenue a government is justified in expending oa 
public works, or whether it may fairly raiae capital to oonatraci 
them. 

As regards the question of expenditure, the present system in 
Qse iu Indin, comprises — Ist, the preparation of an annual bndge^ 
in which the sums to be expended d^ the several local aovem- 
ments, under various clasalned headings, are annually nJlotlady^ 
after a due consideration of actual and probable re<^uirement 
and of the total amount that can be spared to meet them. Worh 
are classed under the three great ht>a(ltngs of military, oiviTl 
adrainisti-atiun, and public improvement — the first two compT«-J 
bending works required for government purposes, such 
military and civil buildings, &c., Ihu lost those for the uood _ 
tlte commuuity, such as municipal buildings, roads, canals, andl 
the like. 

2. A sytiltiui of accounts by which the actual work done and 
its cost are shown, the results being summed up in tlieanntudi 
progress report, which is a corollary to tho budget, and abows the ' 
pertormauce of the year as compared with the proniise. Much 
difiicalty has been practically experienced, ind many eliangee- 
made from time to time in perfecting a system of accounts, which || 
should be satisfactory to Goverument without being burdensome* 
to the engineer. That a man may be a very good engineer, 
and yet a very bad accountant, ia quite certain. Yet it \m 
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impossible to direst tbe man wbo speutla mouey from being 
answerabte for the wny in which it has been spent. But that 
reeponsibiliiy may yet exial, without compelling the diuhunior t<> 
gyve an account of it hiuiself, which for a h>n^ time M'aa done; 
until an enginwr found thnt while one-fourth of his time went in 
doing work, the remainitig three-fourths were occupied in writing 
about it No Bysteiu cau relieve itQ engineer of being answemble 
for the chenpnesa or deamesa of hie work; but by giving him .to 
•eoouulant— who will bo reaponaible, not to him, but to 
Government, for the details of exponditnrc,iis he will bo for the 
return for ttiat expenditure — the engineer will Lie- reliovod of the 
tnout irksonse part of hia duty, without being freed from his proper 
responsibility. This syetem is, I believe, now beiug introduced, 
luid will no doubt work well. 

One much '.iiscusfied i|ueBtioii may just be noticed before 
qnittiog this branch of the aultject — the qiieHlioii uf eatabliah- 
izieDtfl, as bearing on the total coat of a work. That Iheir amount 
should bear some proportion to the work done, appeni's iilmost an 
Axiom; yet it is not oertsin that it is even true. As a forcible 
way of putting the case, it haa been asked whether (for iuainuoe) 
it is right that it ahunltl coot eight annas to 8|>eud a rupee I But 
there is another way of putting it; whether if it only coat fonr 
annas you would not spend two rupees 1 The late Secretary to 
Goveranicnt, in dealing with this question, rightly acknowledged 
the difficulty of drawing the lino between the two iu>nm of 
estAblibbnient and labour; and it ia iudced diflictilt tu understand 
how the two can fairly be separated, or wliy cfltahlishnient ia not 
coaiidered an integral {lortiou of tbe total cost of a work. It is 
true, that to set down 'the cost uf any establishnmnt as out of 
proportion to the expenditure iucurreti, may induce a reduction 
of establishmsnt, but it may also produce an increase of expendi- 
ture as an equally effectual motie of diminishing the proportion; 
and looking at the ultimate aspect of the question, the result to 
be arrived at is the total cost of a work, and not the cost of lis 
several items, whether labonr, materials, or establishment The 
effect of the employment of an efficient, and therefore, an expensive 
oMablishuient, is, or ought to be, a retiuction of other expenditure, 
aod provided there ie a reduction on the sum total, the details 
of that sum ought to be a matter of comparative Indificrancc. 

Having said thus much on the question of expenditure, let 
as tnrn to the other aide of the account, and iu>|uire into the 
reoeipts. 

Public works may pay in two ways — 1st, They may pay tbe 
promoters in tbe shape of a direct return, auch as in the ca^e of 
tolls on a road, water-rent from a canal, or traffic receipts on a 
railway. 

Of the above, as regania India, Government haa made the roadtt, 
and, anxiooN to remove all hindranoeii to frue traffic, lias given np 
all totla, trutitine to receive back its money indirectly, in the 
shape of customs' aaes or otherwise, througli the general prosperity 
of tbecommunity. Where roads are maiTe by private imIividunlH, 
which may yet come to pass in India, the principle on which 
tolls should be levied is sufHcicntly obvioos without further 
explaoation. 

Railways are yet in their infancy, and Qovenimeut has but a 
part-ownership in them. From the latest reluroa available, it 
appears that the traffic receipts on all open Indian lines, of mere 
than 100 miles in length, avomge in round uumiters 10,000 rupees 
per annum per mile of opened line. If we estimate the working 
•xpeosee at 50* per cenl of the gross receipts, we shall not be fiir 
wrong; and the average estimated cost may be taken ut 1,30,000 
rapeea per mile, showing a clear return of less than 4 per cent per 
aiuiQm on tbe capital oxiKtiided. This is not very enconraging in 
a financial point of view, but it must bo remembered that the traffic 
ia still only jKirtially developed, and that until the great lines are 
opened throngboat, no fair average of results can be struck. After 
that time, and eapedally as roads and branch railways are made 
to feed the main lines, a considerable extension (.[' traffic may be 
looked for, but it is a^er all by the indirect returns that the value 
of railways to India mast for a long time be Judged. 

As to the direct returns from canals and other works of irrign- 
tiou, it appears that on the only large canals in upper India 
where irrigation has as yet been fully developeii (the E. and W. 
Jumna canals), the net annual profit is rather more than 10 per 
cent, on the total cost. But it ts not proUible that this per- 
oentage of profit will ba realised by the new canals for many 
y«ara to oonie. The strict financial reckoning now exacted by 

* 11 ii uret U>U st pronat. I tMiUcre, bet viU I>r9babl7 bt i«dBC«l bclov Uti» per- 
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Government, in wbich the interest of tbe capital ts reokooed 
from the commeticeuient of a work, shows that in tbe case of the 
TUsttini Juiiioa anial, that work has already defrayed the whole 
coiit of ite maintenance and repairs, piut 3 per cent, interest on 
tbe capital, leaviug a balance in hand at credit ofOovemment. 
M.-ijor liruwulow, the late superintendent of thin nuial, has 
reckoned the cost of its construction at B'5 Ra per aero of 
average ai'en irrigated, and the maintenance and piitahUshmeot at 
7 annas per acre. Colonel Ruudall, R.E., gives Mndra* raiea as 
8*3 Ra. for construction, and 6"tt annfts for maintenance, per acre. 

Madnts works are, however, believed to be generally mure pro- 
fitable than iu this presidency. In a late uiinvitu on irrigation by 
H. E. Sir W. Denison, the annual cost of the water to Government 
is reckoned at 1 rupee per 4200 cubic yards, the supply being 
spread ovei a peritxlofabout three months; while the value uf this 
water ia reckoned at 1 rupee jwr 1000 mibic yards. Capitalizing 
the above oast at Q per cent., tbe returns show a profit of more 
than 20 per cent, on the outlay. 

2, Public works nmy pay indirectly. 

The returns iu this case are more jitlicult to determine, and the 
data are ludeod most imperfect, but it will be useful to show what 
we have, and what arc wanting. 

RoaiU o[>erate imlirectly — lat, bydiminisbing the ooat of trans- 
port; 2ud, by :ietiiu^ free a Urge amount of labour, which may 
be employed othcrwj«e 

The Postm aster- General, N.W. Provinces, in 1S50, calculated 
that tiie actual hanlage of a ton of goods by the bailee k-tmiu 
cost Government one nunn per ton per mile on a metalleil, and 
three annas on an unmetallefl road, exclusive of prime cuHt otnl 
wear and tear of animals and vehicles.*' i have no returns of 
traffic on any roads, but if the above calculations be accepted, 
(.iml they were made from very fair data,) and taking the cost of 
a motallcd aud bridgeil road at an average of 7500 rupees per 
mile, the cost of repairing it at 300 rupees annually, and Interest 
of money at 6 per cone, it would ap[>ear that ou any line ou which 
thei-o is traffic to the amount of 5400 tons yearly, it would pay 
to Construct a metalled road. 

As to tbe increase to the wealth of a district through which a 
road runs, or the extent to which Government, as the road-con- 
structor, benefits by that wealth, I have no meausof ascertaining 
it, hut I believe auch ilata might be collected iu certain districta, 
and would be very valuable. 

If the coat of carriage is dimluiahed by a metalled road, it is 
nee^lleas to p^int out how much more this is the case in respect to 
a railway t In the back settlements of America this fact alone 
has created railways, not as with us, as luxuries, but as the first 
necessities of the settler and the first step towards civilization. 
Kude as they are, often consisting of flat iron bars sfuJced down to 
rough logs of timber, laid without ballast on the natural surface 
of the ground, they answer their purpose and pay indirectly, by 
giving the oaakera facititits of transport for itieir produce, and by 
enhancing the value of their land. 

Though the same facilities of construction (in the abundance of 
timber) do not exist in Inilia, yet we. have a oounterbalancing 
advantage in the comparative cheapness aud abtmdance uf labour, 
and at leant as strong inducements to open up commuuicatiou 
between remote districts. We have indeed a further inducement, 
which it is aatotiiHiiiug we have until lately been so alow to 
recognize — I mean the facility of transport for troops, artillery and 
stores, which, to a Government iu our position, is an absolut'-iy 
incalculable advantage. The strongest military goverament that 
the woild has ever seen (the Roman) were not Sow to perceive 
the importance uf this — their first step on the acijuisilion of a 
cow country bciuK to drive a broad military roail into the 
heart of it from the nearest cantonment, made by tbe soldiers 
themselves. 

And this leads me to remark (though it has often been the 
subject of remark before) on the feasibility of employing a con- 
siderable portion of our army, English and native, iu the 
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«oustraciioo of public works; presalsg it, u I would, oa an 
importaot step io fioancial eooDomj, towoixla remedying the two 
gre&test acknowledged drawbacks to improvement iu India — the 
(oeoessarily) excesaire militarr expeDditure, »ud the waut of 
roefttiH of iocemni commiiDicfttKin; for, aa the increiuie of roads 
would lessen the cost of milit/uT trAuaport, no the employmeat of 
soldiers would increase the roads. In rouod nunibmv we have 
70,000 Euglish and 130,iXX) Native soldiers in India, whenuf I 
would orge that oue-half might !)« Qtnployed fornix tuoutha oat 
of the twelve, in other than ro^meoUl work, not only without 
any sacrifice of efficieocy, but with a positive iooreaae to it,* as 
Jbw can doubt that the men who were well and oonstaotlj 
employed %!1 Uie roar round, off as well as on parade who could 
use the Bpnde nod pickaxe, the saw and Uio hammer, would be 
the beat men fur the ical bard work of a campaign. I am fully 
aware of the difficulties in the way, of the reqairttmenla of parade 
and rifle drill, ke., but makinff every allowance for that, I think 
that the proportion above estimated (ouly oM-fourthibo strength 
of the army annually) might be employed as suggested. Now, 
the money value of this unemployed labour, cannot at the lowest 
estimate be put dowu at loss than ii lakhs of rupees, or a quarter 
of a million stertiog, whereof one-half sboald go into the pockets 
of tlie Roldiera as working pay, and the rest should be clear 
proGt to Oovcmmeut. This half sum reproseata 170 miles of first 
daas road anuuallr, 

Closely allied to this subject, are the indirect returua which may 
be said to arise from good barracks, and such like expenditure, 
which ia commonly ftet down as unremuoerativo. For the raluet 
of this we must go to sanitary etatistics, but, as I have hinted 
above, the question is so mixt^j up with other things afTectiuji the 
health of the soldier, that it ia imposflible to say how much saving 
of life (i t., of mouey) ia due to good barracks in lieu of bad ones. 
Here are some of our older stations, however, whose statistics, if 
Available, would doubtless throw some light on this hetid, aod 
allow us to estimate to a very fair approximaliou the citpital 
which might lie employwl iugooddwelliugi*, whoee interest wtmld 
be the improvuuieut vi lifalih iu the dwellers. Aa a pructic^ 
question, however, it may be said to be niioecessary now, Govern* 
ment beiog fully alive to the duty, as well aa ecouomy, of not 
sparing money in this direotiou, na had been shown in all the 
eantoomeuta lately builL 

As to the indirect rolums of works of irrigatioo, we have some 
statistics which will serve to show their immense value and 
iraportaooe. These indirect returns, which can be measured or 
estimated, consist in the increased land revenue obtainable by 
G<^vemment from the di^trictti benefited, either by waste land 
beiugr bruught under cultivation, or by the diffen-uoe in value 
between wet and dry cuttivation.t as it is technically termed. 

From a comparison of data ou five first-class catuUs iu Upper 
India, obstructed, iu hand, or estimated, it appean that the 
average prime cost of a cubic foot of water per secood of discharge 
Hi Uie heads is 4000 rupees; that the average annual value of a 
cubic foot (including the increase to land revenue), is 7>'>0 rupees; 
and the avemge auuual expenditure per cubic fool is 120 ru|)ees. 
8o that the dear return to Government is 630 ruiiees, or nearly 
klG per cent, ouumdly on the capital invested, besides the geuer^ 
I benefit to the coromuuity. 

The returns from Msdnts canals are more favourable than this, 
eiug eetimated by Col, Baird Smith, iuoae district, at £0, audio 
another at 23 per cent annually, ou the cspital invested; and by 
Btr A. Cotton, and others, at very much mure than this. 

There are also other indirect returus which cauuot be re^Iuced 
to figures, such as the siLving iu remissions of revenue, which are 
often forced ou Ooverument during years of drought, in districts 
where thei'e is uo artilieint irrigntiou :§ besides, as before remarked, 
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the general prosperity of the oommnnity, a prosperity in which 
Government neoessanly shares. If ouly by the increased consump- 
lion of taxable commodities. ■ 

In Uie above remarks 1 have only made a passing allusion to the 

fenoral question of the exRcution of public works by Goveniment. 
t is indeed too important a queition to be disixuetl of in an 
off-haud manner, yet people ofleu think that as soon as they have 
proved jiublic works to be remuuenitive, it follows as a matter <k 
course that it Is the doty of Government to construct them; and 
that, if it has not got the money, it unght to borrow it for the 
express purpose. Without entering too &r into such a large 
question, it may be sufficteut here to remark — 1st, that though it 
may be the right or interestof the Govenimeotto undertake sudt 
works, it does not follow it is pait of its duty, and that Qovem- 
ment has alreatly enough of its own proper functions to perform; 
End, that it is a pretty generally admitted maxim that the 
constructiou of public wor^ is much better left to private enter- 
prise, and that even in the exceptional ease of India the onus of 
proof at least lies with ihoso who would contend for a different 
principle; 3rd, in answer to those who ask for public work loans 
ou the ground that it is unfair to tax the present generation alone 
for benefits equally shared by a future one, it may be answered 
that it is at least as unfiiir to plunge a future generation into 
debt ou ocixiUDt of speculatiooa iu which they cauuot poesibty 
have a voice. Government has in efiect been compelled to try the 
experimeut, and the result of It iu the r&ilway guarantee aystem 
is not euoriursgiug, nor is it likely to be repeated. With the 
progress of education the people's eyes will be opened to working 
together for their owu benefit; the infiux of capital into the 
country within the lost seven years has been enormous, and it is 
to be hoped we may soon see railways, ronds, and canals constructed 
under the auspioes of intelligent aud respectable bodies of oativs 
proprietors. 

Here for the present we must stop. I run quite aware of tbe 
imperfect manner in which such an important subject has besa 
truateii. but shall be content if these fi'w remarks may iuduce 
others to collect data aud compare resulta, which may be useful 
in eluddatiug the laws on which tbe fiouuce of Indiou engineer' 
tog should tie based. 



DUKHAM CATHEDRAL. 

At tbe meeting of tbe British Arcbceologic&l Association, at 
Durham, the following aoooiut of Durham Cathedral was given 
by Mr. Gonhui M. Hills, the sub-treasurer of the Assocubtion. 

Mr. Hills KOid they were assembled to examine and to learn, 
from the maguifioent buildings which hadbeeosokiudly laid open 
to them, what they could of true magnificence iu church archicec* 
ture; for be tliougbt they would generally agree with him that 
not one of their catbedralH, thotigli perhaps it might be surpassed 
iu general beauty and omamculAtion of the ports, as in the case 
of Liucoln, had that air of solemnity and dignity which was 
to be found in I>arlmm cathedral. Tbe story of St. Cuthbert, the 
natron saiut of the Cath&dntl, was a very Inngooe; and tlierufore, 
he thought, it would be beet for bim to begin with that part of it 
merely which related to his connection witn the city of Durham, 
and bis arrival there. It was iu the year dd.% after various 
peregrination 8, and after having been driven from Chester*ls-«tn«tt 
that the remains of the saint werebniughlto Durham by A14bm^ 
who began at ouce to erect a church of a temporary nature of 
brauchu!* aud leavt«, which was afterw.i.rdB replaced by one of wood. 
Tliis also was temporary, an he afterwords proceeded toerectaatooe 
church, which was thn.*e yenr^iii building, having been completed 
in 009; and immediately aiYor the body of the siiut was placed in 
the church. Before proceeding ou their course through the 
cathedral, he should say a few words ou the nature of tbe 
buildings they would see, so that ihey might obtain some general 
notion of them. This church of AJduue's wus one of secnlur 
caoona. It was not until one hundred years ofterwanls that 
Benedictine monks — the only monks iu England at this period- 
were introduced. They proceeded to erect buildings for their 
accommodation, and Mr. Hills said he night here mtiution that the 
remains of theee buildings were to befoundiu thesuUttructureof 
the deaner}', aud of tbe refectory which oocnpied that partof tbe 
buildiug where they then were. Mr. Hills theu instituted a 
comjiariaon iMiiween tli« Monastery of Hury St Edmund*, Foun- 
tains Abbey, and the buildings at Durham, sbowiAg tbe s^jreemeDt 
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in th« ftrran^ment of those ediGcee. The; foand that &t Durh&m 
there hiul «xi«t«d all the airaugements complete of a Benedictiue 
monastery. The^u«rnt pkn ofthecathedr&lasiiow existing wm 
that of a ero6«, with a remarknbte api)«Ddage at the enstera end 
of the Nioe Altars chapel, aad at the western end of the Galilee 
(AapeL Thej had found a similar appeadage at FouDtaina 
Abbey, where al»t> the chapel was culled the Nine Altar* 
The charcii, aa it now stood, waa begun about ten ymnn aiier the 
inlrodaction of the Benedictiue monks, who were introdnoed in 
1083. There must, however, have been a smaller building in 
extatence at the time, as they found that Cariloph, who bocan to 
build the church, died two years after, and vnxs buried id the 
chapterhouse. They were told that when bin successor, Kalph 
f Umbaril, bef^n to pnll down Alduue'a church he arrived at the 
tomb of St. Cuthbertf and caused the body of the saiut to be 
nmoved to the cloister; so tlml the clointors must have been in 
•ziatenoe at tliat period. Although Carilepb lived to see little of 
Lis work oimpleted, it was progrestiing rapidly at the eastern 
part at the time of his death. Regarding the form of this eastern 
end, there were two opinions entertained, but he himself did not 
pretend to give an opinion on either. Some persons thought that 
the eastern portion hud an apsidal end taking in the whole 
breadth; while others thonght there hod been an apee fur the 
nave and one for eacli nf the aisles. The church was raised to 
the roof uuder Kalph Fiomberd, who succeeded Carileph, and who 
held t)ie see from H)l>» to 1 128. Therefore, although they jiad no 
record of the completion of the church, it must have been coni[fleted 
afler Utat period. He should have to draw their particular 
iitUiution to the vaulting of the nave, which hs had no doubt was 
not a coowcutive work with the rest of the ciiurch. They would 
see that it would be a singular thing indeed if it were so, for the 
ttTl«wasufth« |iericd which followed after the time of Halph 
Flambard. He then called their attention to the Chapter-house, 
a very remarkable building, which, he was sorry to say, they 
ooold see very litTle of now. It was built before Bishop Fadsey, 
who succeeded to the see in 1 154. It was remarkable fur its 
apsidal end, the whole of which was polled down a few years ago, 
and converted into a square room. There were yet interesting 
remains of that apse in the room in which they ihi>u were. These 
were ttie three large corbels — figures sustaiuinga weight on their 
heads, or according to the Greek, caryatides, — from which the 
TAulting rif the orclies sprung. There had been a fuurlb, hut he 
did not know what had become of it. Before leaving the library 
he calle.1 their nttetition to a drawing of Carileph's church, by 
Mr. Unbkoii, late architect to the dean and chnpter, by which 
tfaoy would see the changes effected in after times in the upper 
parts uf the buUding. (The party theo asaainh^ in the nave of 
the cathedral.} 

Mr. HiMb said they were now in that part of the church which 
was erected by Kolph FUnibard, and which extended from the 
croas arch to the west end, being the uave of the church. He s&id 
Im need not oill their attention to the extroonliuary lunnsive 
constroctioQ of the piers aud arches — those circular peers being 
no leas than 2<'^ ft. G iii. in circumference! — bul what he wished to 
point oui wa.1 that in the eastern part of the nave the archeM h.-ul 
noamnnteointioi) whatever, having only plain moulding; while 
At the hay in wbicli th"y then stood (opposite the main entrance) 
ttMj had cht>vn>ti tiiouMitiL.', from wbioh place it was continued 
to the end of the cbiireh. I'hey found that the vaulting was ood- 
ctructed with the same ornament, but with this differenoe between 
the two. that while everytliiog to the top of the walls was round, 
or what wan Ddicd the Nnrmau arch, the vaulting itself was of 
the pointed furm. Tlml hail \tni to some uiisap prehension as to 
tbedate of the v,-iult)ni;. IIi^ could not trace the evideriue as to 
tlw date of the vanliiitx further back than was afforded by the 
wrJCinga of Btowu Witlia in Ute UhI century, who tnld them that 
Prior Melsou by vaulud ilip nave of tlit< church (between lS:i:i 
and 1^4); but when \U<:y came to examine it, they wouU find it 
impossible to believe that this was w. He thought they must 
rauiet condmle, seeing the way in which the vnultini; haimoniaed 
with the ornamentation of that purt of the body of the church, 
that having carried up the walls under italph Flomhard, they 
oommeucevT to ro<if, and carried it on in the same ornamental 
■tyle as they hotl commenced tbe church. He thought there 
could be no doubt that it was iu Bishop Pudsey's time thai the 
VAulttug wu put on; aud one reaoou whicli led them to connect 
it with him wae the circumstance that the omanicntation was 
similar to that found iu the Galilee or Lody-cbapel, which was 
constructed by him. The nave now was very bare iodeod of 



ornamentation to what it woe when first devoted to worship 
dowu to the period of the Reformation. At the latter period, 
the magniticeut i-ood screen, and on altar called tho Jesus altar, 
were removed. The rood toroen was considered the choicest io 
the country. 

Having referred to the aeveral altars which stood in that part of 
the chumh, and the Hpol where the sonctunry was eitu;ited, he 
callett their attention to tho line nf hhie marble in the pavement 
exteuiiing l]etweeu the northern and southern doors. That was 
a great peculiarity in the building, for to the east of that mark. 
where he saw a great mauy Udien now standing, women were 
never permitted to oo, down to the time of the Kefurmation. 
Various reasons had been given for such exclusion, which it was 
hai-dly worth while to quote. It might, however, be stated, and 
it seemed to have arisen from the miocondnct of certain monka at 
one of St. Cuthbeit's monasteries towhich a nunnery was attached; 
aud ho resolved that men and women should never again be 
associated at one of his monasteries. The mark, however, might 
havehadauotber meaning originally, for he had a stmng suspicion 
that in early times there waa some iuteutton of shutiiug offthe 
choir at that part. 

The Galilee chapel, at the west of the main edifice, was next 
visited. It was erected by Hugh PuJsey, poasibly towards the 
condusion of his episcopate, which tiegun in U53, aud lasted 
nearly forty years. They would see that iu placing Uiis building 
there he stopped up aud enclosed the ancient west door of the 
church. They were told he was led to erect the building for the 
worallip of the Virgin Mary, aud for the use of females, who, 
being excluded from the real of the chuich, it was necessary to 
provide fur them some other } lace. This waa f«rhapa one of the 
earliest so erected lady-chapels; autl he need not call tbrlr 
attention to the extreme be.H.uty of its arrangements, nlthou^ 
there had been many alterations since itstiret er«cllon. Perhaps 
one object which Bishop Fudsey had io erecting that diapel was 
to give a becomiug shrine to the remains of the Venerable Beds. 
Bishop Langley, before the Keformntion, caused a considerable 
alteration to be made iu front of the gn>iit altar, and his own to be 
erected there; and it was to him they owt d the conxlructiou of the 
new flat roof, the roof having preWously beeu pointed; and he also 
put iu wiudows of a pointed character all through the west front, 
and constructed the massive buttrcMee overlooking the river 
banks. The latest work which had been curried out on that part 
of the building had been the reconstruction of the north side. 
The work was now finished, and he thought they bad every 
reosoD to bo satisfied with the admirable style iu which it had 
been executed. 

Thfi Nine Altnrs' Chapel then came under attention, where Mr. 
HiU called alleutiuti to the magDi6cent screen dividing the choir 
from the chapel. Tn thi'- centre of the screen was a large marble 
slab; beneath rested the body of the saint Right iu the middle 
of the ({u-idrangtilar space to the east of the ocreun wr.<i placed the 
shrine of thcaaint himself. Theouestiouoftheideutityorthebodyof 
the saiut was one that was raised in very early times; for there were 
some peoplewhodi^ibclieved thai the houyoould have been preserved 
incorrupt for so many years. When Abbot Turgor, by whom the 
principal part of the church was erected, under Biafaop Oarileph, 
prepared the place for the reception of the body of the saint, 
and caused an cxaiutuatiun of the i-emaine to be made, it was 
found that the body was caseil in more than one coffin, 
and carefully protected in the internal coffin with hides, the body 
itaelf being wrapi»cd in cluthx, which were pi-esaed so close that 
it is sjiid b^ K^ginald that he could not In any place insert his 
finger betwixt the cloth lud the body. Mr. Hills thought it was 
un opinion pretty well received now amougst medical men that 
ouch a mode of preservation would etTectually reuin ihc form 
of the body in an almoet life-tiki> opfiearance for a number of 
yenrs; and that it was the identical body of the saint which hod 
so long been preserved was considered then to be ooudusiTelj 
shown, because some handred years before it was reputed to b« oo 
life-like that the hair and nails wuio said to have grown upon it, 
and a certjiin monk was stated to have been deputed to trim the I mJr 
aud nails, aod Keginald said that in the coffin were found the scissors 
and comb whicli he had need. On the suppression of the monasteries 
io the reigu of Henry VHI., the body was again examined. On 
breaking np the shrine the commiflsioners were surprised to find 
the b<>dy so pHrfecUy kept, and orders were afterwards given lor 
its re-interment. It lay undisturbed until lft37, when a gentle- 
msn, anxious to find out if the body was still in a state of pre- 
servation, cause<l the giound to be 0}>ened out; and although 
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tber came upon the coffin nod a series of ioner eoffioR, much 
broVen, there was sufficient to show that thoy wore those 
described hj Raginkld the monk. They fouud that the forui of 
the body had been lost and rcdacod to a mere skeletou, but 
MDODgat a number of relice they c&me apon the very comb which 
had beeo spoken of so many handred years before, and which 
was now preserved in the library of the refectory. 

Richard Poore, liishop of Snllsbury, afterwanu became Bishop 
of Durham in 1227; and they foand ihat the architecture of the 
Nine Altars^ viz^ 124^ was much like thnt of the church which 
they studied at their CoDgress at Salisbury, and agreed in a 
remarkable manner with the Nine Altars at Fuiaatains. He 
then referred to the Nine Altars, now removed, which gave the 
name to the chapel, and the saints to whom they were dedicated, 
statintf that the altarit were ori^^iiiully divided from each other 
by oalc screens of elaborate taberaacle work, and were oaoh 
fitted op with ambries, chalices, cups, and everything of the most 
ooetly description. In inspectiuK the choir, bo said that that 
WM the moiit ancient part of the whole builcliii;;, being that which 
was beguu and erected iu Bishop (Xirilepb's time; and excepting 
the decoration, or chevron moulding at ihe west end, they would 
see there was little difference iu its stylo from that of the rest of 
the building. The magniBceut erection on the south side of the 
choir, in what wa« called the Decorated style, was the tomb of 
Bishop HfttGeld, erected iu his own ume; and upon it he placed 
bis own throne, which was still used as the throne of llie Bishops 
of Durham. In tbe trausept^, Mr. Hills said that that pai-t of 
the cathedral, as they would understand from the sketch by 
Mr. ItobaoD, was originally finished with a lofty tower, as they 
now saw it. It had, in fact, the ordinary low Norman tower. 
That tower had seen many vicissitudes, for not only was tbe 
Norman tower displaced, but a tower built by Hugh Darlingtou 
[successor of Melsonby) had also entirely disappeared. It was 
struck by lightning, and in part destroyed, and shortly after that 
the rest of the tower was found goiuff to ruin. Of the hiRtory of 
the tower, m they now saw it, notbing was known until it was 
brought CO light by Mr. Kaine, who proved that it bad been 
erected about the middle ot the ICth century. They would see 
that it hod been begun at a time when what was called Perpen- 
dicular work prevailed. Immediately above tbe Norman arches, 
they would uolice the extraordinary bulk of the columns upon 
which it waa supported; and he must say the bulk was no more 
than it re<)uired, as tbe weight upon them was nearly 11,(X}0 
tons. The chevron moulding of the vaulting was fuund existing 
ID the south trautfept, whilo it was abtent iu the north, showing 
that the north transept was (iaished 6nt. 
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THE WROUGHT-IKON ROAD BRUGES 
CHAKING-CROSS RAILWAY* 
By M. Parxxs. 
( Ultft Engravings.) 

ForR similar box ginler bridges n-ill now be described— namely. 
Suttou-strcet, Waterloo- road, (main line), Blackfriora-road, ftud 
South wark-road. Iu Plate 29, the proportions are those of Black- 
friar»-road bridge. Fig. 13 is a half tr.insvenK neotion. Fig. 11 
is an elevation of a portion of a girder, showing rollerf>, a cross 
girder in position, and a portion of coroioe. 

Following the same nnier observed wiih the other bridges, wo 
commence with Suttou-street. The main girders iu this case 
ore similar in every dimension except Icngtli; Sue girder being 
III ft 6 in., and the other 110ft. 6 in. The deptb atcentroia 
7 ft. 8 in., and at the ends 6 ft. The top tl.inge, 2 ft. i in, wide, 
is built up of four ^-pliites at centre, reiluced to three at ends; 
the bottom flange, 2 ft. 2 in. wide, is built \\\i of oue j and three 
I plates at centre, re<luced to oue I and two | at ends. Each 
flange is connected to the webs by four angle-irons, 6x6xt- 
The ordinary width of web plates is 3 ft. Five plates at either 
end of each line of webs are § thick, and tlie intermediate one ^. 
The vertical joints are connected alternately by a T iron *"d 
strip, and two strips; the size of T ii^i^ is <> ft.x3 in.xg in. and 
of the strips, 6Xi- The T irons are set over the longitudinal 
ftuglo-irous; but the strips merely butt. 

One end of each main ginlcr rests on eight rollers 4^ in. 
diameter; the bearing and bud plates are of cost-iron 2 in. tfiick; 
at the other end a bearing plate, 4 ft. G in.x3 fLXJ in., is pro- 
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vided, and flush riveted to nnder-side of j^rder. The dtatano» 
between top flanges of main girdera, or, in other words, the clear 
width of bridge, is 3C ft 8 in. The cross girders are 2 feet deep, 
hut vary in widlh from 15 in to 7 in. They are riveted to 
underside of main girders^ 4 feet apart, centre to centre. The 
16 in. girders are attached by sixteen rivets, 1 la. diameter, 
at each end. 

In consequence of the great skew of bridge, five cross girders 
only are attached to both main girders; these are 40 ft. 2 in. lon^ | 
with top and bottom flanges 15xi> each connected to the ^ web 
by two angle-irons, 4x4X^; the weha are Htiffpned by rertical 
T irons, which divide the length of girder into seven panels. 
The roadway is on the second system, shown iu Fig. 13. 

In this bridge a facia of J plate whs riveted to vertical ancl*- 
irous on ends of cross girders; aflat strip was also rivet«dtOi 
bottom of facia plate. Tlie weight of both main girders M ^ 
00 tons 8 cwt.; of all the cross girders, 5S tons 15 cwt.;asd of tho 
whole bridge, 176 tons 5 cwt 

Waterloo-road. — The main line is carried over this rood by two 
girders, each 121 feet lung: they are U ft. 8 in. deep at centre, 
and 9 fi. 10 in. at ends. Both flanges are 2 f L 6 in. wide; the tup 
is built up of ^vc Ij-plates at centre, reduced to three at eoda; 
the bottom is built up of one } sod foar ^ plates at centre, 
reduced to one j and two t at ends. 

Eacb flange is connected to tho webe by four angle-irons 
6Xtfx^. The ordinary width of webs is 3 feet, and thearran^ j 
ment of vertioat joints the same as iu the lost example: siv 
platas at either end of each line of webs are ^ thick, and the 
remainder \. The clear width of bridge is 40 ft. t> in., to allow 
for the curve of line. 

The cross girders are riveted to main girders 4 feet aparl^ 
centre to centre; they are 2 feet deep, with flanges each 15 in. 
wide, and ia two ^-iuch thicknesses; two angle-irons. 4X4x}, 
connect each flange to \ web. To the top flange n plate 19 inches 
widexi '• '!*<* riveted for attaching road pistes on the third 
system. Figs. 6 nnd 8. One end of each main girder is pro- 
vided with rollers, as shown in Figs. 11 and 12. The weight of 
both main girders is 125 tons 3 cwt.; of all the crosd girders 
110 tons 8 cwt; and of the whole bridge 276 tons 15 cwt 

BUsckfriarsroad. — One of tho abutments of this bridge is at 
right angles to line, and the other only slightly out uf square. 
This and Waterloo branch bridge aro the only ones in which all 
the cruas girders are coiiueoted to both main girders. 

Tho main box girders, which are 110 feet long, have a centnd , 
and end depth of 10 R. S iu. and 8 ft. 10 in.: both floogta uro] 
2 ft. 6 in. wide; the top !« built up of 6ve nine-sixteenths pUts ■! 
centre, reduced to foui-atcnds; the bottom is built tip of one % and 
four nine-sixteenths plates nt centre, reduced to one $ and threap 
ni DC-si xteeuths at ends. Each flangs is connected to \\w webs bj 
four angle-irons 6 xSxuine-sixtetuths: eight iu the whole section. 
The two end web plates at either end of each lino are 2 feet wid%J 
and tlie intermediate ones are 3 ft. Tbe girders are bnujad'^ 
internally at seven points by a system of lattice bars, shown in 
Fig. 13; the bars are 2X^, aud are riveted to,T Irons, whioh, la 
this case, are substituted for the internal a'tripo. The oro«^ j 
girders, twenty-fonr in number, have Oauges 16 inches wideX^I 
thick, riveted to a i^ web by 4X4xi angle-iron: they are 3 fem 
deep, and each end is riveted to the nmin girder with 20-ln,l 
rivets; the web is divided by vertical T irons into eight psneli^,| 

The weight of both main girders is 100^ tons; of all the cr 
girders, 71 tons 12 cwt.; and of the whole bridge 214 tons 17 cwt,! 
The roadway is on the second mtem, Fig. 13. 1 

Southwark-bridffe-road. — In this case, the main girders srsi 
135 feet and 82 ftfct loug respectively: the cross girders and road 
plates similar to Blackfriars, excepting, of course, the difference 
in section of short cross girders for skew ends of bridge. 

The dimensions of the 135 feet girder are ma follows: the depth 
at centre is 12 feet, and at en<Is H ft. 8 In.: both flanges are 
2 ft, 6 in. wide; the top U built up of five ^ plates at centre, reduced 
to three at ends; the bottom is built up of one ^ and finr 
^ plat«8 at centre, reduced to one 1 1 and two f at emla. Eadi 
flange is conneded to the webs by four angle-Irons 6x6x9. TlkS 
wetjK and their vurtiotl connexions are similar to those in the 
Black friara-road- bridge. All ihe vertical rivets are I inch and 
the horizontal j-inch diameter. 

The 82-feet girder has a central and end depth of 9 feet and ■ 
7 ft. 6 in reB[«!ctivi'ly; eacli flange is 2 ft 2 iu. wide, and connectedl 
to webs by four angle-irons 4X4^^; the top is built up of four" 
§ plates at centre, reduced to three at ends; the bottom i« built 
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up of 006 j and three ^ at centre, reJoced to one | and two ^ at 
pda. The weba are tbree-sixteenths thick, bat the vertical 
' irons and strips are the saini; as Id other girders. Both girders 
are braced interually Tt-itb lattice hfira S x ^, aa shown in Fitr- 13. 

The lougcroM giidera, or those oonaecteu to both roaiD girders 
and tlie road platiaj;, are the aame as in Black friani-briilge. A 
cut>iroD cornice is bolted to ends of cross ^irdem, as shown in 
Fiffi. Hand 13. 

The weight of the 13J>-feet girder is 6&jt tons, of the 82-feet 
girder ^7 tons 3 cwt., nod of the whole bridge, 190 tons. 

The next bridge we have to notice is the one over Southwark- 
Btroet, which, as stated in ihe introductory sketch, la a atructuro 
con^iaiiog lurtinly of two bowstring girders, huving riveted and 
bolted to tiietn cinss girders for forming platform. In PUtc 28, 
Fig. a. ia a half elcvuLiou of one aide of briLlgfe, and Fig. 6 ia a 
traosverH aectiou through A A in Via. 5. In Plaie 29, rig. I, ta 
& traDSTBrae aecttou at ceutro of a girder; Fig. 2 in an elevHiiun of 
girder at centre strut; and Fig. 3 is a section of struts, 

ifeferrtng to Plate 28, Fig. 5, it will be set^n tli-it each bow- 
itring is composed of four primary roeml^eni — the bt>w, the tie, 
the system of struts^ and thcsydtem of dingonala: the length over 
alt is 150 feetf and the diabince, centre of bow to centre of tie at 
iiiidtlle epsn is 18 feet, and width of bow 3 feet; thti bnw and tie 
are two trongha of similar section, the first being inverted, and 
are constructed thua: — 

The bottom of the trough is built up of three J-platea 3 feet 
wide, in ordinary lengths of A fc 8 In., breaking joint in the 
usual way; ench side which is 2 feet deep, and formed of two 
f plateo, is riveted to this bottom hy two angle-irons dx>'ixl in. 
A reverse anglfriroo, aa shown in Plate ^9, Figs. 1 and 2, is also 
riveted to aides externally. 

The Btruta nine in nnniber, may be described as small lattice 
girders,! ft 7i iu. ikep, with equal flanges 8 inches widex| 
thick. To each dange two angle-irons 3x3>^iaro riveted back to 
'i *k, bett^n which the lattice bare 2^xii are also riveted. For 
, i-ugth of 16 inches at each end n ^-plate ia aabstitnted for the 
JriM oe bara, The struts are rlvetetl together with J rivets, and 
» l'»>w and tie with twenty-four 1-inch rivets in each case. 

Flat bars 6 inches wide constitute the diagonals: the twelve 

nual pairs are j thick, and the remainder ft. Excepting in 
%\a.h I canes, they are connected to bow and tie by sib and cotter. 
TC« eight cases referred to are the ends of end diagonala, next 
nd" of girders, which are attached by six rivets 1 inch 
liun^ter. 

ill this, aa in other structures, the junctions of the various 
'^members have required the greatest synthetic skill. The two 
important caaea are, tiral, the connexion of bow and tie; aeoond, 
the connexion of bow, tie, struts, and diagonals together. To 
accomplish the firet, the laminated plates and nngle-iroua of bow 
are made to hott on those of lie, a small angle-irou corner piece 
being riveted at junction of anf^Je-irotH; the reTerae angle-irons 
of bow and tie butt, and are connected by a V ahaped joint plate. 
The space between bow and tie, for a distatice of 14 ft 6 in., is 
filled in with ^-inch plate, which butts agnimit the extremities of 
the a-ms of ungle-irona of bow and tie, and extends to end of 
f^er; the vertical joints of this plating are connected by an 
Ulterior and exterior strip 8X:}. A front plate is also riveted to 
this pUiing bj^ T ii^a 3x3xi. The aide plates of bow and tie 
butt, and trie joints are coveretl by the ^-inch plating internally, 
and a strip 8X| externally. The janctinu of bow and tie is 
further strengthened by a i-inch plate riveted to bow and tie by 
angle-iron ftXaXi, and eitending for a distaaco of 9 feet from 
eod of girder. 

To make the second connection — namely, that of bow, tie, 
struts, and diagonals together, a plan wau adopted, couaiatiug 
of first riveting to sides of trough, internally, >vith ooontaraooK 
rivets, A plate :! ft. B in. long, 2 ft. 3 in, wide, with slot holes at 
upper comers to correspond with diagonals; the holes correspond- 
ing with those in stmt are lefl open. The strut is next intro- 
duced, to the inner side of each flange of which are applied two 
wing platea, with six ri^ei hnles and slot holea corresponding to 
Iboee in one half uf the fiiat mentioned plate. The whole are 
then riveted together with 12 rivets I inch diameter on each 
side of strut The plate next aidesof trough and the wing plates 
are j inch thick. The external side-joint plates of bow and tie, 
and the vertical and horizontal joint strips at end of girder, are 
all shown in position in PUtc U^J, Fig. 5. 

One end of each girder is placed on eight rollers 6 inches 
diameter, and provided with b^iug and bed plaiee of cast-iron 



2 inches thick. The rivets are all 1 inch diameter and 4 inches 
pitch, excepting those through A-inoh plating, and 3x3Xi angle- 
iron or joint strips, which are \ inch. 

Tliere arc thirty-six cross girders; twenty-two of these are 
box and the remainder single web. Ten cross giixlere only are 
connected to both bow-strings, which are of the box tyi>e; and 
fourteen out of the twenty-two box are of heavier section than 
the remainder; but the single web are all one section. The 
depth of all the cross girders is 3 ft.3 in. The width of the 
strong box girders is 1 ft. 8 in.; the flanges are built up of two 
i-inch plates with joint covers, and each riveted to -a three- 
aixteentha web bv two angle-irons S^xS^Xtiine-sixteenths. In 
the light box girders the uuge plates are |, and the angle-irons 
3^X3^x^. The box girders are connected to the under side of 
Iww-atrings by twenty 1-incb rivets, and two Ij-inch bolts. A f 
plate is riveted to top flanges of crosR girders for attaching road 
plates according to tne ifatnl system, Plate %'t. Figs. 6 and 8. 

Referring to Plate 28, Fig. 5, it will be seen there is an open 
work facia. This ia formed by bolting a i plate to ends of cross 
girders; then filling in the simces with crosses of 3X j^ iron, and 
attucliing, by couolorsunk screws, to bottom of | platea, a line of 
angle-iron 3x3x|. The weight of each bowatring girder is 
117 tons; of all the croas girders ISO tons; and of the whole 
bridge 468 tons. The clear width of this bridge is 66 feet, for 
the reasons stated in introductory sketch. 

The next iron structure in order is the section of Borough 
Market viaduct from Counter-street to 7ork-«treet The bridge 
over the flrst street is included. This section of viaduct is 
200 feet long, in six spans, and built on a cnr^'e. Plate 28 refers 
to this portion of viauuct, t^g. I being a tranaverce section. 

The supporting works are two brick abutments and fifteen 
cast-iron columns, arran;ied in sets of three, as shown in Fig. 1. 
The bearing workH are three lines of single web girders, placed 
immediately over columns, to each of which they are secured by 
four li tap bolts. These lines of girders are 12 ft 6 in, apart, 
centre to centre; they are braced over columns and abutments 
with plate bracing; at nitd span there are open frame*; The 
outer lines of girders are provided with a parapet 6 feet high. 
The viaduct is covered with d-inch aauare timber, with hoop iron 
tongue l^xi; and on this timber the longitudinal rail timbers 
are laid. 

From the preceding remarks the general features of iho viaduct 
will be anderstood. The detailed description will, therefore, bo 
commenced with the columns: these are all 24 feet high over all; 
the dijiroeter at base 2 ft 1 in., and at capital 1 ft 9 in.; on plan 
the capital is 2 ft 9 in. square; and the thickness of metal in 
inner cotumna 1^ inch, and the outer 1 inch. 

The base of the inner column is 3 ft. 1 in. square, and has hole* 
to suit four 1^-iuoh boldinK-down bolts; the outer colunnis have 
a projection ou the outersideof base, and the angle titled in with 
a bracket There are five holding-down bolls. The foundntina 
for columns conshits of — flrst, a bed of concrete; second, a pier of 
brickwork in cement, 8 ft ti in. high, B feetX6 feet at bottom, 
and f) feet X 4 feet at top — these horizontal dimensions are for the 
outer oolnmns; Uiird,a 6-inch York lauding, the aame size as top of 
brick pier, on which the base of column reata. 

It may now be considered that the 6fteea columns and the 
two brick abutments are ^11 in place ready for the bvuriug works 
— the inner and outer lines of luugitiitlinal ginlera. 

These girders are all of the single web type, 3 feet high, and 
u-e seen in section in Fig. 1 ; the inner girders for the four centre 
spans are 32 ft 3^ in. long; the top and brjtiom flanges are 
IS inches wide, and built up of two seveu'sixleeuths plates, with 
joint covers; the webs are ^ thick, connected to each flange by 
two angle irons 4x4>^^, and stttfened at vertical joints by 
Tiron, 5x2^x4. 

The outer girders on the convex aide of vindaet are, for the 
four centre spans, 32 ft 61 in. long, and 3 feet high; each 
flange ia 16 inches wide. § thick, and connecteil to a { web by 
two angle-irons, 4x4Xg; the vertical joints of welfare stiffened 
the aame as inner girders. On the upper side of top flange an 
angle-iron 3 X 3 x |, is riveted. 7*his in for attaching a sbeet-iron 
parapet, similar to that deacribcd for Vine-atreet bridge. 

The connexion of longitudinal girders to each other, to bracing 
and to onluuin, in as follows: — To the Ixittnm flanges of the two 
girders are flush riveted two j-^ilnlea, together being the sixe of 
top of ct^lomn, the joint coinciding with webs, and each having 
two holes for the 1^ inch top tiolts, shown in Fig. 4. The top 
flanges are connected by nine-sixteenths jotnt-plate; the wtba of 
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inner ginlers are coonected by the plate bnieiDg riveted od each 
side m them; tbooe of outer bj the bracing on one side, aod a 
X iron on the allipr. 

The braciiiff over colamua oonaiiU of web, augle-iron, and 
central vertlc^ T trona; the webs are |f angle-iron 'A X<! X^t '"d 
T iron 5x2^x3. The open frnmes are of T iron* 5X3 x^, with 
diagonal bars of 3^xi: (he vertical T irons same aeciiuu rh in 
plate bracing. The timbers are bolted down by I book liolta. 
The ends of the lutigitudiual ginlei-H, on brick abuiuiuuta, have 
riveted to them bearing plattw, ii feet X 2 feetxj inch. The 
weight of cast-iron in the viaduct is M tons, and the weight of 
wmught-irou 82 tons 4 cwt 

The section of Borough Market viaduct, from York-street to 
Welllngtoo-atre«t,iB in three spans of 44 feet each; the aiipport- 
iug members are two brick abulmenta, and two piers of cast-iron 
couiuiuii; there are 6ve oolunins in one pier, nnd fuur in the 
otber, whicJi are the tauue aa tlioue in the other socliuu of viaduct. 
On plan, this section is of a " fan " shape, being 'SI feet wide at 
one end, and 62 ft. G in. at the other; this width is due, as before 
noticed, to the viaduct being the site of the Kaalern Junction of 
Oitv Kiteniiiou. Kiich row of columus is surmuuuted by a box 
girder, 2 feet wide nnd 1 ft. 6 in. deep, which forms the bed for 
ibe longitudioal girders, and is riveted thereto; tap bolts secure 
the box girders to lop of coluinos. 

There are in all 24 longitudinal girders, arranged thus: iu the 
opening next Vork-«treel, H; iu the centra opening, 6; and in the 
one next M'elliugton-street, 7. These girders are all 4 feet deep, 
and, with the exception of the two fi^ ones iu each openlug, 
are all placed parallel with each other. Kach of these face 
ginlors splnj niire ur lesn with the inner one of die saiDC open- 
ing next it; and In four cases cross girders are filled iu between 
them, for that portion cf length in which the distance centre to 
centre exceeds 4 feet. The distance centre to centre of the cross 
girders is 4 feet. On the top of the Kmgitudinal ginlei-a G-inch 
plank is laid; it is transverse to these girders, exceptiDg at those 
points where the cross giixlers arc introduced. 

Five of the girders iu the opening next York-street are 61 feet 
span; the flauges of these aie 16 inches wide, and built up of two 
^-iuch plates, with joint covers; the webs are f tbick, and con- 
nected to fI»Qgea hy augleiron, 4X4x^. Sevenieeu of the 
girders have flanges If) iocbes wide by J inch thick, nlso con- 
nected to a ^ web bjr 4X4^^ angle-iron. For the remaining 
two, the flanges are 16x1. and the aaglc-lrou 3x3X^: in all 
cases the webs being in aboat 5 feet sections. The longest cross 
girder is 1!* feet; it is 16 iuchea deep, and consbts uf a i web, 
with two angle-irons 3X3xi, top and hutiom for tlstigefi. The 
fthnrtest croHK glnler Is 6 feet; it is 12 inches deep, with flsuges 
of 2^X2^xi BUgle-irou. The bmciug, the connection of top 
flanges of girders, and parapet-, are all similar to those in the 
other section of viaduct. The weight of columns is 40 tons; of 
the two box girders, II tous 2 cwt.; of the lungitudinal girder, 
129 tons 18 cwU; and of the whole viaduct, 201 tons. 

With reference to St. Thomas's viaduct, it i» only necessary to 
say that the girders weatiuued in the introductory sketch vary 
iu leugth from 41 fU 4 in. to 19 ft. ti in. for one opeuiug; and 
from 48 feet to 2.^ ftset for the other. Tbey are nf the single web 
t_vpe, 2 fi. 6 in. deep, braced together hy diagonal bars 3X^, and 
covered with 8 inch planking. The weight is 2» tons. 

The only bridge remaiuiiig to be ifescribed is that over the 
inclliie in the 8<iutli-KaMlem station. In tliis the bearing works 
are two elliptical box-girdent, 207 feet and 176 feet long respec- 
tively. Plate 2t>, Fig. 7, is a centre section of the 207 feet giixier. 
The platform of bridge is formed by eighty cross girders, with 
roftd plating on the thin! system. I'late 25, Figs. € and 8. Of 
tliese eighty girders, thirty-one only arecounected tu both mains. 
The loDgest of these is 50 ft. 4 in., aud the shortest 4^ feet; the 
depths of cross girders vary from 1 ft. 6 in. to 9 iuobea. These 
will bo referred to again. 

Returning to the main girdera, it is proposed to describe fullj 
the 207 feet girder, and then to point ont wherein the 176 feet 
differs from it. 

Since the onler iu which any structure is built is the best to 
describe it in, it will be followed in tliis case. The bottom table 
is 3 feet wide, and ix built up of one nine idxtconUis inch aud four 
full i-ioch plates. These plates are riveted to each other aud to 
four lines of angle-irons, 6x0x1, by fiv-e longitudinal lines of 
rivets 1 inch diameter, 

The angle-irons are iu pairs, back to back, the sjuce between 
the vertical arms beiug such as to admit the web ptate, with a 



{-inch side plate on each aide of it (the wob); the side plates are 
18 inches deep, and all the rivets throngh them are 1 inch 
diameter. 

Tbe distance between weba at centre of girder is 1 ft. 10 in. 
They are 3 feet widths, and, with the exception of the three at 
either end, are tu two sections vertically, the joint being made 
by two horizontal stripe 6X§. The three webs at either end of 
a liue are ^-inch; the next five at either end, |; and the inter- 
mediate ones |. Extra webs, ^inch tbick, are added at oltlier 
end of each Hue, for a distanoe of 15 feet. 

The vertical joinU of webe are connected hy a tee iron, 
6x3x3. and a strip, 6X| — the lee iron external. Both are 
made to set over aide plates aud angle iron. The girder ia braced 
internally by eleven diaphragms about IS feet apart. 'Xliey are 
formed of ( plate and 3x3xi angle, and are aeen iu sectiOD, 
aud iu jKwition iu Plnte 28, Fig, 7. 

The partially built girder may now bo supposed standing with 
bottom table aod webs in position, ready for receiving the top 
table, which is similar in section to the bottom. This is done as 
follows : — Into tlie apace which the cranked ends of vertical tee 
irons anil strips form with the well, the side plates, 1 fV 6 in. 
deep X I thick, are introduced ; then into the space which tbe 
side plates make with the shorter crank, the lonfptudinal aDgl»> 
irons, 6X6x1, are placed. This doue, the girder is ready (m 
rcceiviu!{ the top laminated plates; these are 3 fu wide, dx ia 
number, aud full ^ iu. thick. All the rivets ia top table, from 
lower edge of sido plates upward, are 1 in. diameter; the rivets 
through vertical strips are | in. diameter. The pitch of rivets 
thruughiHit is 4 in. Under one end of the girder, twelve rollers 
6 iu. diamclor are placed, with bearing plates aud bed plate of 
cast iroij 3 in. tluL-k. The ordinary length of tlm angle-iron bnw^^ 
is 18 ft. ; the joiut covers for bottom table are 4 ft., and thoae foij^H 
the top table 2 ft. long. The aide plates are iu 9 ft. lengths, uid^^^ 
the joint pUtes tor tbem are 2 ft. 6 in. x 1 ft. Since the diatonoe 
ccutre U> centre vertical tee irons is 3 ft., and tbeir.widtb 6 in., it 
%vill be teen that these joint plates just tit in between the tee 
irous. Tbe ordinary leugth of the lamiuate<l plates is 6 ft. 8 la. 
The 17B ft. girder beiug so similar to tho one just described, it is 
considered only neceaaary to give the dinieaslons of thoee ele- 
mouts which differ. These are as follows : the laminated portion 
of the top table is built up of five ^ platee, and of tbe 
bottom of four ^-in. plates. The side plates are ^-in. thick, and 
iu Ll-ft. Ifugths. 

Ah previously htated, more particulars will now be given of the 
cross girders. There are seven different scctious ; tbe dimensions 
of the strongest :ire : Depth, L8in.; flangea, 12 in. wide-, bailt 
up of two j plates, with joint plate ; web, 3^ in. ; angle-iron, 
5x4y|. The dimensions of the lightest are : Depth, 9 in. ^ web, 
^iu., with flanges, each formed of two angle-irons, 4X3ixd* 

All tbe cross girders above 9 in. in depth are reduced to that 
depth, at those ends which are bolted to main girders; and a 
cast-iron cornice is bolted to them, similar to that shown in 
PUte 25, Fig. 6. 

The cross girders in this cose are bolted to main girders ; the 
girders, 12 iu. wide, are each couuected to the ^7'ft. girder 
with fourtepu holla I in. diameter, and to the 176-ft. by thirtceo ; 
in all the other cvlca there are ten. Thtae bolta are long euoogfa 
to pass through both Saiiges, tbe head of bolt bearing aniut 
bottom fliinge or pl«te riveted thereto. Tlie curve of line od 
this bridge is to about a ten chain rodina. The longitudinal 
timbers for higher rail are two 12xU bolted together, and for the 
lower rail two 12X6. Tbe tine isaJso on a gmdieut , the differ- 
ence of level between the ends of tbe 207'ft. girder being IS in. 
The weights are : 

207ft. gbder 191 tons 17 cwt. 

17Cft. „ 134 „ 12 .. 

Heaviest i,T(iu girder .» 5 ,, 15 „ 

All „ 2fi7 ,. 10 „ 

Whole bridge 617 „ 17 „ 

In conclusion, it is only thought neeeesary to say Uiat in all 
cases the *' rolling load*' was takeu at l| tons per foot forward 
of single line ; miLximum strains in compreaaiou and exteuatos, 
4 tons and 5 tons respectively per souare inch. 

The dotlccLitiUB of the variouH bridges, as on disgram, ar« pro* 
duced by a luad of one ton per fi>ot run of slni^lt; line. 

Tlie en^fiueer for the line was Mr. J. Hawkshaw, aud the wh 
of the ironwork was executed by Messrs. Cochrane, Grove, and"' 
Co« of i)udlev. 
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It hftving beiai reiuu-ked tluil, the chief feature of the Charijag-cn<M 
SsSLwuy WM the Hungerfnrd ^ ridge, the writer pmpiMee to nimiih 
•onie further pvticulaie of it. Hie objeot in keeping ciniply to the road 
liridgea WM to avoid repeAiiug a quantity of information already pub- 

' liefaed. Thu writer refer* to the compreb^ive pB|K-r bv Mr. Uarriaoa 
Hayter, CL., ruad before the InslitutioD of Civil Enginccra. April 2S, 
1888.* Be W'<uld now cotifine hie attention chtc6y to a minute dc»mp- 
tioo ot the main gird^ni of the 154 fetrt Bpane, and the method of 
•nmndin^ the crow gudem thereto. 

The main gitdera juat referrMi to, mny be deacrrihed u wroaght-iroi) 
laUiee girden. "niey eaob cnnaict of a top and bottom boriaoutal metu- 
bar, 4 ft. aiHl 8 ft. wide reepectively, two vertical end pillan, and two 
■yitenu uf diagonal atnita and tiea, the whole being connecied together 
with pim of puddled alml. One of the ayateiiu of Hlrvtc an<l ties funna 
with the lower baniuntal memher a eenee of eeven triangl><«. and the 
otbnr ayAem does tho aaiae with the top member. It will thue be •turn 
tltero are fifteen pina in each meuibt-r. the leii<th of girder over all at 

I top being 184 feet. The dintauce brtHceii coatre to centre of pin boles 
At bottom ia 1 ft. 1 1.^4 in., ikua maJuog the dintance between oontt« to 
centre end pin bdc»lu3ft. i^i in., the length of bottom over all being 
163 ft. ?| iu I'he utruis uitd tm bein^ all nne length oentro to centre <S 
fnn bolwt, and tlw dirtanoe between ocntreii of pin hoMa of bottom being, aa 
atated, i^^tha nf an inch leax fhan thoK nt top, prodneei a camberuf 4 in. 
atrentn* t>f ginW. Tiw -L-ptJii of ;,'ird*r ure: — total depth at ceiitiw 

, 14 ft. 4f in.: doptti between cenbruH ai gravity of bi)> and bottom 13 ft.; 

. MOtM 10 centre pin h<ilen 11 ft. tt in. Tlie top and iMittum lupnibem 
atidt ODOaist of a horizontal table and four verticaJ ribfi; theao ribs ore 
bor«d Lo fKCfive the puddled ateel pins The size* of the upper and lower 
puu are tb« »aine, and of the following diii>cnsii>n«: Lhe two end 7 in. 
oiaoieUir; tbo next two at either end 6^ in.; the next two at either vnil 

I in.; and the five oontral unea 6 in. diameter. It ii prupoecd now u^ 
describe the constructina of each in«ml>er. Tbe horixontal table of the 
bottom ia S feet wide, and bnilt np nf 180 platea. There are aix layers, 
a centre one -f^ and 6ve \, reduced to two at ends, one ^ awl one |. 
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Each la^-er of plate !» in two widtlw; the upper one in two IS-in. widtha. 
and the remainder in 12 in. and 24 in., m thiiL tLvy Imtak joint Iraiia- 
Tenety. The length of overlap in a longitudinal direction ix Id in. Tbe 
ordinary length of tbe plates ia 7 f t. 11 ^^^ in. These ^tea are all 
riveted to one aar>ther and to four lincM of anglo-iron, by edx rows of 1 in. 
rivets. The an«lc-irona, wlucb arc 6 by 6 by 1 in. at centre, reduced to 
by 6 by ) at I'ndii, an; nil placed with tht: borixoutal anua inwards, or 
toiwds the centre of the giraer. Tbe hoUs are ao arranged that between 
tbe bocks of tbe two ootindo lines of angle and the eilgi; of the horizontal 
table, there is a ledge 1) wide at centra of girder. This is to admit 
of the vertical rile being fluih with tbe edges of the horizontal table. 
Tbe two central Unea el rivet boles are ao an&nged that the dlmtMuec 
between tbe two inside vortical ribe ia 13 in. Tbe angle covt.Ts an 4 ft. 
lontf. 5 by 5 in. by 37 Ih. per foot. 

To tbe four linpH of angle-iron the vertjcalriba ai« riveted with 2 riveta. 
The two uutfiide rib* are '24 in. deep, and each consist of a | in. and i in. 
pUite at centre, ruduccd lo two i| in. at enda. Tlie ordinary lengui of 
these plates is 10 ft. 11^ in., and they break jinnt at the pin holes. 
Tbe joint plates are 2 ft. 4 in. long, tbo oater one 24 in., and the inner 
18 in. deep, the ttiioknera ia 1 in., ao aa to give a good bearit^ surface 
for tbe pins. The two inner ritu are 21 in. deep, and each oonsiatof two 
) pbktes at centre, reduced to | at ends. In addition to Ibeae an extra 
length of plate, 15 in. deep by | in. bblek. extends auffieiently to contain 
the Eve 5 ia. pin holes; this plating is on tbe inner side of the ribs, 'i'he 
lengths of platee, sizes of j^iint (ilatea, tc., are aiuular to thoee for the 
fwter rilis, excepting the ditferenoe due to the leaner depth. From 
what has been said it will he seen that the borixuntal table with 
the four vertical ribs form three trongba, tbo two siiie trooghs being 
occupied by tbe struta and lies. 

Tbe boriziiQtal table of the top taember ia 4 ft. wide, boilt up of 18S 
platHs, all i thick. There are five layers of plat«« at centre of ginler, 
reduced ti> two at ends; tbcae layer*, like tbo«« for iMittom are in two 
widths; tbe lower Uyer is in two ec^ual widths of 2 ft., and the remainder 
are 1 fi. 5 in. and 2 ft. 7 in., thua breaking joint trmnsversdy. The 
onlinary length of the jrlatea ia ft. 8 in., ami the overlap in a lon^- 
tudinal direction 16 in. This boria>nt«l table i» riveted togtubcr and to 
four line« nf angle-iron by six niws of 1-iii. rivete: tbcac angloirons are 
placed with tbe borixontal arm towards the odgv of tbe table. The ordi- 
nary length of a bar iii 11 ft., and uf an angle cover 3 ft.; in other 
respects they are similar to those in bottom. The holes are so arranged 
that tht: distance between the backs ut the exterior aoglo-irom it 
2 ft. 104 in., and between the backs of the interior 1 ft. 2 in. 

The plate« compoting the vertical riha art: in 1 1 ft. lengtba; the joint 
plattra, mode of brcuking joint, and deptba of plates, being similar to the 
bottom. Each of the outer and inner ribs cousiste of two | plates at 
centre, reduoed to two { at ends. 

The end piUnra will now be described. Theae are 1 3 ft. 9^ in. high, 
6 ft. 2| in. Ittng, 2 ft. 10^ in. wide at bottom, and 2 ft. 9 in. at ton; the 
aidea, back, and front, are all of | boiler plate; internally Uie pillar ts 
divided into three coinpartmeote, by diapbragoia J in. thicli. Eikcb side 
ia In two sections vertically, and three sections horisontally; the vertical 
jobits are oovtawl cxlcmaUy by ulripa, 6 by j, and intcriuJly by T b«n, 
6 by 3 by 4t to which the j diuphragiua are rivuted. 'I'he front and back 
an connected to the Hides by augle-iroo, 3^ by 3^ by 4- l^e end fnllam 
mr« rivctod tngethcr with J-ri\-et*. 

Diagonal atruta and ties: £uch stmt oonaista of two links ia one solid 
forging: tbese links are bored at ea«:b end to suit tliv pina, and are united 
firmly together by ag-xag bracing uf bar iron, 41 Wji four cast-irou 
diatance tabes, and four Imlta, 1 i in. diameter; tbr hnltti, of oooraa, pasa 
through the distance tubes, and when 9crewe<l tightly np. makeeaofa 
stmt a rigid framework , The links compoaing a strut are 1 2 in, by 3 in. 
at the ends of tbe girder, and ti in. by 2i in. at tlie centre. 

Tlic diagonal tiea, like the atruta, ea«h oonnst of a pair of links, and 
each link coosiaU« of two or thr^e teparate links riveted together; theae 
links are Honanre auBponsion linka. Each link of a tie is Vi in. by 24 in. 
at ends *<i giMi*r, and 6 in. by 2 in. at ocntro. In oonaequeooe of tbe 
central dijtgomUa having to act aa both struts and ties, the two pairs 
meeting at Uie lower oentnU fi-in. pin are constructed mmilarly to tbe 
struts. The diagonals aro all bolted to(*ethw ai th<>ir interMutiona; tbic 
btdts are 1 in. diameter, with onuunentid nuts of cast-iron. Tbe ties and 
struts were all vent to the works, bured to tbe tiniabMi sixe; but theplatei 
composing the vertical ribs were sent bored oat half an inch less than tbe 
liuiaUL-d aiiu. Tbu nvuting Ixing cowpletod, with tbe exoeDtioo uf four- 
teen holes at t:aeh iiiu bole joint, the vertical ribs were then bored ont by 
means of a boring bar, fitted with two cattcm, and working in two cast- 
tron bearings, btdu-d to the outer vertical ribs with foor ^Its. It was 
for this purpose four of the holes in each pin joint were left open, the 
remaining ten are for the angle-irons, for attadiing croas gilders. Tbe 
boring bar was driven through a counter shaft by a small steam-engina, 
fitted with small flanged wbcoi, which run 00 the exterior vortical bcitom 
ribs; by tliia meami the engine eoold be moved to any part of tbe girdar 
with facility. The pins werv driven luiine with u rmm, wtucb consisted 
nf a pin in it« rough state, fitted with tbe oeceesaty applianoea tor 
working it. 

Tbe pina were made long enough bo project about liJB. beyond the 
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<ntt«r TsrticnU ribt on dlher nde uf girder. This !• to ioeonunwUtc the 
VBrtic*] Unku, whiob thus dinde Uw (finler into foorteeo De«r4y reci- 
^i^iIm. RpKos, H seen in >kle ulevatioa. The Imlu btq 7 in. by 1 in. kt 
«ndi of girdar, reduood t<> U in. bj I in. At c«otr». Id both top »itd 
bottom stra|w of 3 in. bj ) in. imn wcf>e nT«(cd to both the inner and 
out«r venicftl rib«; there am two of thaw Mnpi between may two 
piiBL 

OrMti ginlen: TiuM am on the Uttioo prindplB, 54 ft. loni;, 4 ft. deep 
afeoBUtre, and 2 ft. 1^ in. at eiu\u; they ooiuirtoEatopand hottna flange, 
each la in. wide and in two i tbicknewet, united (oijether by lattice hen 
■nd anglfi-iroiuL Two line* of lui^lo-iron are rivetetfto each flange, back 
to bad(, and 1 ia apart. The lattice ban, sloping one way on either 
■ide of centre, an t in., and the utbera 4 '**■ tluck; they rary in width, 
tnm 4 in. at the centre t« 6 in. at the ende. The 1 in. latticu bats are 
riveted between the nn(;l»-iron and the ) in. external to them. At ea^ 
uod of the crosd ^inler a Uttioe cantilever is riveted, it ie 7 f t. 3 in. long. 
i ft. I i in. deep, whero it jtnne the uroM ^nler ta^iering to 1 ft. 2 in. l^ 
the anda; oaoh flangs oonnjiti of two angk-inma, S4 by 8^ by 4> united 
togother by laCtioe ban, 2 by j and 2 by j, simtlariy to the croee 
ginlen. At the udaa of the footpatba ia a oaatinin railing, and the 
ends ot the oantilevon are eerecned by a caat-iron comic«. The deflec- 
tion iif a enwH girdur with a load of 7U lou waji 1 in., and the permanent 
Met 1 in. 

Method of attaching oroas bo main girden: To either nde of bottom 
of main girden, and on either eide of the pin hi^et, an aogle-iroo 4 by 4 
br I la riveted; tfaeae anglc-irona extend 2 ft, 6 in. below the nnder-ride 
of girkr in the caae of tlu inner, the out«r being 4 in. lew. Fr<fin what 
ha« Iwnn uwl, it will be aeen tbare are four angle-imns at each pin. The 
oroM girder fita betwsen tbme aiigle-truns, sinuUr to the azb box in Che 
ham platee of a railway carriage. To aeonre the crrm girden to theee 
■nglc-lroni, a wrmght-iron plate 5 ft. 7 In. long, and 4 in. thick, is 
attached to each end and on both tides, by meana of rwene Knglo-irow 
on top and bottom flangci. Each angV-iron is soourod to the main 
i^irden with five rivela, and to the cniaa girder with seven and iix, in the 
caae of '.be inner and outer reapeotively. 

Each main einlar im designed to sapport a maximum dtrtribut«d luatl 
wf 7So lima; thie AciKlit produow a itrain in Iho un|>ftr and lower mem- 
bcn of 1 U 1 ton* which ia rtssisted by 276'5 square inohea of section, and 
211*75 square inchee respectively. 

Rouarka on ihe diatribution of metal in one of tho main truaBM 
(154 ft. Apan), thu maximum lood and central titrain on tiau due to it, 
and the premurc ou fountlatioiM: — 



Distribution of metal in one main 1 

Topchmtl ,.. 

Btrttom do 

find piDare 

Kraoing 



Tom emU v*, 

7U 4 2 

«7 16 2 

U 

46 



Total 



l&O 



Rolliog load on one main girder, obtained thus: (N.B. rolling load 
H Umu per foot of single line) 

Tbos. 

Rolling load 1£6 ft. by 2| tons SSO 

Main truH, doflucting end pillars '184 

CnMigirdnv and cantileverv 67 

Baas 7 

Timber In planluuf; and loDiotudinidfl 41 

Loa>l un fiK>t[iuth taken at VZo lb. }>cr ft. ftap. ... 88 

The aUjvo load is exclusive nf comii^, hand-rail, (tiih platee, bolta, 
spikes, and chain for railft, hoop-iron tongue, aud bnlte for planking. 

Ptmsutc on foundation: 

From Trinity bigh-water mark to onderaide main tmssee is 30 ft., 
which a<Mwi U> tbo rise o! lido. 174 ''■ t**7 ^^ f*)- P*"* *7 ft. Since 
brickwtrrit wvigha 1 cwt. per fc<ot cube, we have a prowire on top of 
cone, due ta brickwork only, >if 2 tons 7 cwt. per tup. foot^ 

Fintt take the load ou main tniwi, including iUi own weight aa 7S0 tone, 
and the diameter of the brick cylinder at 9 ft. 9 in., thua;— 

TOna cwt. 

Load 75Q tons _ 

Area & ft, 8 in. = 7i-6S sq. ft, ~ 

PnwuTs due to brickwork ... ... 2 7 



10 



Total preaiure per si^, ft. at top of oone 
Taking oylinden at 111 ft diameter: 

L<uki 7M t.iiia _ 
AroB 10 ft. liia. 7S-54 
r ttm nn from brickwork ... 



12 7 



Ceairal strain on one mtua tmas, 1&4 fV. span, with a maximum dis- 
tribated load of 750 tons, including its own weight. 

Aiwuming the distance tftrtwoun tbo centra of gravi^ of the apper and 
lower chords to be 13 ft. (wfaieh was the rseuli of oalculaCtotu made by 
Mr. Paritee), the osntral strain on one main tniM will be 1*111 tone. 
This nnmh«tr divided by 4 or S, will gtre tho required sectjooal areas of 
tup and bottom chorda respectively, as foUowi: 

Bq. ta. 

— j-^ = required sectioQ of top :£ 277*7 



Actual Mictioa = 



«7«*fi 



1 in 



10 -45 



d. 



De6eiettoy 

= required section of bottom = 
u 
AcCoalKctioo 

Doficicacy .. 

Then are ld,0£2 riroU in ea<A 164 ft. truss. 

The ooet of tbf wbole bridge IS 

„ per sqaaro foot 

„ per lineal foot 
The cylimler fitr ihu 1S4-ft. spans cost £30 per foot lin^; the otrtcr 
and inner rylindvni for tho fan end. £12 and £10 reept^ctivBly. 

One of th« cyliudvn for the 1^4dt. spans sunk pemiauBntly 4 in. with 
700 tons, and one 3 tncliea with 460 tons 

Tatk o/ JMaumum$, Ac. 





Tnf 


BeUoB 




FlaDfi. 


Flaafs. 




■q. lo. 


•q. ta. 


Broad waU ... 


22.S7 


Itl.Ifi 


York-tuttd ... 


R.'i.C 


51.05 


John-etreet . . . 


67.35 


47.35 


Waterloo 






bmnch , . , . 


ei.85 


£1.05 


Weilington-st 


lOl.t* 


8L5 


,Ioinerstivi--t. . 


8'i.O 


67.8 


flutton-titruet . 


SO.B 


fl4.fiS 


Waterloo 






Main 


103.4 


85.4 


BUtckfrian-rd 


»8.2 


77.0 


Soutbwark-rd. 






185 ft. 


103.4 


66.4 


82 ft. 


63.75 


52.05 


Southwark'iL 


159.0 


134.0 


Aj^iriMwh 






207 ft. 


lft8.0 


13ft.O 


„ l7«ft. 


134.0 


10t».0 



flpaa. 



ft. la. ft^ ta). 
41 2 «. 
74 7 3 

88 1 6 &, 



77 9 
124 3 

61 3 
103 3 

111 D 

100 9 



iSS 



2.05 
1.28 
1.63 



Ra 



IS s 
18 S 



1.34 



k .93 565 



1.34 



ton* torn, 

31 fisi 

202 2584 
124 2U2 

146!226i 

S2S43rt 
202 2I)1> 
19£34ll 

SS2408I 
3724 



400 

sis 

«42 860i 
064 &M> 



Wa^jUa. 



^- ^ 



2761 
2I4| 



211 



i"« \% 



Total prsHore par sq. ft. ou tup of cooe 11 18 



DUauaion. 
Mr. ClAlUNOTOM said, great praiw wma dno to Mr. Parkra for the time 
and attention he bad givm to bis really valaable paper. The mper was 
an esoelteat recuid of the wrought-iron bridges execatod ou the Curiae 
aam Rulway. It appeared cnriooa, in locdung at all tbcBc bridges, that 
then should be «o many different designs. Of ooune a small apaa 
required ■ difihrent design to a large span, but it certainly did not 
appear to be oorreol to have bow-<rtring f^rden for a sfHui smaller tbut 
for pUte giiden. If an open webbed girder was good and proper for % 
givon apao. mmt otrtiunly nu open webbe<l gir<ler was better for a larger 
span than a plat« ginltrr, or doee webbed girder. Over the new rtieet 
in the Borough, the bow-atriog bridge «iMni«d nearly the piDper ihiag, 
for the span was large; and rei4uirM an open webbed girder, biilh for 
appearanee and economy. All ^pinii over 80 ft. nK|nintd open webs; 
they were lose onstly, and oertiunly had a much lighter appearance than 
cloaa webbed pUte giidora. Vet, itraogo aa it might appear, an oglj 
plat* ^xdcr va« adopted over the approach to London-loidge station. 
and over a span larger than for the bowHitring. Why this was, be could 
not nndemtand. From what he mnembend, there were alx dntinct 
spooios of girden in tboM bridge*. 

1. The fiinole webbed plate girder. 

2. The double webbed, or box plato girdT. 

3. Tb» tK>w-ftLriug ginh-r. 

4. The bow-xirisg mode into a box bowstring plate girdor by having 
a douUe web instead of etrute and tjee. 

5. 'ihe main girdcnt of the ThaitKe bridge. 

6. The orow gir^lcra of djttuv which were laitioe girders. 

Why there should be su many kinds of ginisn, ho ooold not quite 
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sndentand, for tbav did not af>peH- to be amogvd in ail cua Koordlng 
to the Fp«n» of the oriilges. I'biib wa»r pinto guxl«n itftpeucd to be put 
when taUtoe or utwn web fTtnleni oU)(bt to be. 

The pitofa. or diatuioe trom c«atrG to oentn, of ctom (cinleri is tba 
Tbamot bridgv wai 11 ft^ mnd the pilch of cn»« ^irtb^n on tb« othar 
bridge* ▼mriwl from 3 ft. to 4 H. Why then ■bonld be thai grM* 
difTersDM in pilch waa not At all filcar. It woobl appear Ihkb tht diftanoe 
from oeutre to oontre of tbe driving wheels of the loooiDftfeiTe would have 
■ometldDg to do with deeitUn; the pitcA ol the eroea girdera. Suppnae 
7 ft. Id bv about the diatanco a|MUt of the drivbig wwela, then 5 ft. or 
f> ft. wi>uld afiparantly ba raore newly the oorraet diatanoe (and therefore 
the miiat ecoDouical] nf the croai ginlen. If the diataneo waa greater 
than B H., tt waa advtaable to put in wroiisbt-imn loni^tudhui] bmren 
andar each nit ao aa to oomplote the pnper fr&mnworlt of thu bri<i}fe 
ia imi. The new railiiay bridge at IlliKWrriara waa a gn<Hl speci- 
nun of fawning for the roadway of a hridgr. Id the n4ulway n( 
the Chartng-oruM bridge, then were |oii|;ituiliuAl titnben 15 by 
16 io. under oaob rail, and thoae tunben had to carry a diatanoe of 
11 ft. It oortunly appeared more adTuable to put a U^t wrought- 
troB girder in tbe pliuse of those tiiubera, «o aa to make a com- 
plete Troo bridge, and not one pertly «f iron and partly o( wo<v]. If in 
*^*'''"g * railway generally, one or uinre hridgea of It ft. or VI ft. apiui 
oocurrvd it w»uld wl be a'.Iviwahle to carry over otl lialka of timber; 
Mtlier wniogbt 'ir caAt-imn ginl^ra would be na«<l, nr an arch. There- 
fore., why thould timbtv be uaed for 1 1 ft. apaoa on nuh a tine aa the 
t;hariug-crOM Itailwaj I 

It waa a wnate of material to put Uw em«i ^rden too olnao together. 
No matter how near togetlwr or how fur npart Up Ui ab>iut ft , tho 
croaa girdcn muit be the tiami* atningtb. for ratch one muat be oaloulated 
io cany the dririo^ wh->«U of a locomotive. »nd op to It A. ^MTI, a 
greater Inad couM not Im put oui Uir:refuro, if cnwa ginlera were only 
3 fl. apart) there were twioeaa many aanweatary, and thuwiel^aa addition 
ftttdod to the wvight of tbe bridge, not only in themselves, but nlao in 
inoreaaing tie weight of metal in the main girdcn to carry that extra 
load. 

Much boa been aaid a^ tn the dangiy of tbe eroea giiden leaving the main 
gi r d t a* wlii-n tmapended Froin the under-aide nf the bottom flanga. "Diat 
tnetbod nf lixin;; did not appear, atth« flntt glance, to be proportionately 
■tcong to the atrv nj;th of the girden: but a little calculation would afaow that 
such a couD«ctiiiD ii do*, alwaya the weokeat part. Taking a eroaa girder on 
IhaTbamea bridge, at the junction with the undar-nde ol the imun girder* 
Umtv were fonr vortical angle-inuia, cm^ aBgia^roa laying bold of the croaa 
gbrdar with about aeren rivet^ } diameter, making a total of tweaty-eigbl 
riirela, each ij in. lu ttoctii'nil area, giving a total ibeariDg aroa of 
16*3 aquare indits. Two of ibeae eruwi girden were teated with a toad 
of 1 10 tone, equal to 70 tiua on each girder, e<iual to 85 ton" at Fiu.>h ond, 
loading to abear tbe 16-6 equara indiaa of riveta. lluiit would give a littJe 
over 2 tone per aquare inch •faeatiDgatraiD rm the rireta, wliicb muat be 
aUowed to he ample for aafety. Still cmM girdeia. aa a role, do not lonk 
well whrn aaflpvodad hom the ander-flidaof the man girden, and when- 
etver it ia p-Mible, Uwy oaght to rcit on the bottom flange eloae to tbe 
web. If kuch arnuii?eTB*!nt had been iiloptcd on theae hridget, there 
would hare bcvu nu uccuuiity to u>vfr Uim mihIm with a heavy caat- 
boo oomicu, which only a<ided to the wetglit and ezpeoau of the 
bridge. 

There waa do doabt that drilled holaa ia wrout^t-tron platea decreased 
tha atnogth of the metal loaa than punched hoW; the metal on the oir- 
euafareiioe t^theholce muit certainly bo much lc<«a injured, and tberv- 
foce leave more streugth in the i>l»te. It waa more expensive to drill 
bolaa than to punch them; bat if by drilling, aay ten par oenL of tbe 
■ttreagth of the remaining metal waa Bave<l, was it n*it worth the extrm 
«oat of drilling ? 

If thp punching was hadly done tbe metal waa injured conaiderahly, 
but tnnrdnr to inaun; th^ Imat potaiblQ injury to the metal by punching, 
the punch must 6t the die furiy, and tbe edgos of both muat Im sharp and 
fhian. which waa not alwayi the caaa; great care ought Io be taiwu to 
ihaiu* daaa ahaip edgw to ibe punch and die. Such altaatioa waa but 
aeUom given, and the mult waa that In many txmm Him hoUa were half 
punchetl and half drifted, much to the injury of the renuinlng metal iu 
tbe bar. 

Then oould be ao doubt that if the top flange ptabn wore carved 
tnaivertely they were in a much liettor form for rv- ili^m oompreaaion, 
Init tbe curving of th« platm added to tbe expense i>f making; it watip 
tbervf'-n-, cbwaper to add angte-irana on the ootairle ««lgo, eo aa to give it 
a gund form for comprwMrion. That did equally aa well, or better, than 
oiinrinir the t«ip pbUe, wne very cheap, for no extra metal waa required, 
and gave a capital fi^rm for oi^ni|'r»Mion. 

ia curving lon^tudiually tbi^ U>[) Oaoge* of wrougfal-iron girdera, tbe 
espenau of bt>c uaDufiu:turu \»u inL-i^aacd and but little metal aavvd; it 
waa, thtirefont. ge&ttndly ebuafwr to ktwp tbe two Aangee parallel, and 
avoid adding to ibe work aiul difflcuUy in putting the plates and anglft- 
urona together. He ODDawlflre-l that all tbe brit^nB were amply strong 
(or the work tbry had to do, and they wele oertalnly not weak for want 
cfmctal. 

(To be amtimued.J 



The JpplicatioTtM of Gfology to the Art* and Manu/netures. By 

Pruf. D. f. AjibTEc, MA., F.llS. Loudou: Kobi. Hanlwicke, 

186.). 

In ibe " f^ntor" ooureu of leoturea, delivered by Pruf. AnateU 
before the Society ufArt^i hi^t aessiou. tbe appUcatiuua of goolo|;y 
to the arte and ma uu fact urea formed nn inter«stiu^ subject. 
There were eis lectures, including agriculiunil geology, eprtnge 
and water supply, miDerala obtniaed from aupcrhcinl and from 
stratified dep'Udite, and tboee obtained from uiiucml veiua. Theae 
lectures have aiuce been autpUSed aud pabliabed iu a aiunll 
volume, tlint will be found to oonlaio much valuable and intetret- 
iug umtter. Wu briefly alluded to tbe book in our laat number 
and we now purpose to give a tuore eztendad uotioe, vitlt 
eitraota of Uioae porticHM that are uoro especially iutareatiog to 
our readers. 

The wiit«r supply of towus has of late years become a matter of 
aerioue cuosiderattoo, wben no many oi tbe Htreau^ that were 
ouoe relied oil fur fiirniHhiiigabuudauoc of whultsome water have 
become eontamimitcd nud rcudt^red unfit for drlukiog io tioti- 
sequeuce of the Improveiucuta iu dnuoage and the operations uf 
Boiirda of Uealth, who, by recklessly oouvertlng tne streoiua 
into draius, bave reudured it difficult to find a supply of pure 
water — excepting iu places remote from human habitntiou. Prof. 
Anstoii helps to remove this difficulty, by sbuwtug tbe clasa of 
rocks and strata from which supplies of water may be dmwu, 
but these are oeverthelesa not ao abaudaut but that, with all 
bis knowledge of the water-bearing rucks in ilie otfighl>ourhoo«l 
of London, he casta bis eye somewhat wistfully tu Bala lake, iu 
North Wales, from which it was at one time proposed to supply 
the Metropolis. The following goDcrul statement of facts shows 
the principles on which any adculaUous for obtaining a itupply 
of pure water niurtt bo founded: — 

" All rocka eontain wau>r, Even thedryest and moat oompaot niarblee 
inthsirdrieetiiate bold&<>m '4 to 4peToet>t. hy weight in their eompoaition. 
Uraiiitea oootaiu water: some «vm in tli« oi^inory dry atato couuin one 
piui and a half of water in every cubic fu4>t, and nr« capablu uf abaorbing 
half a pint more. This in imlepeadent of the water of consolidation, lu 
every case, under the leaat favnuralde ootwlitioua, we may aaurt tlut 
none of the rocka oomriiinly met with near tbe eartfa'a aurface, and 
regiu-ilcd u noo-alaorbetic or impermeable, contain tees than two pinti 
of water iu every cubic yard. Iu other words, ai a cubic yard of ordinary 
atone weigba ntarly 2 luna, wu loay aay that each ton even of the leaal 
abaorbent rock will contain a pint of water. . . . 

The quantitv of water c«[iNble of being held by common loose aea-aand 
amounts to at least two 2 gallnna in a cubic foot. In ordinary aandatonea 
nearly half that quantity wnuld Ik- contained: and in the beat building- 
■toosa betougiog to the SAudatone griiup, from four to five pints of water 
are cootaiued in each cubic foot of the atuuti io it« ordinary alafr. it 
will giv« a better idea of thia qoautity to aay that. In an ansa of aucb 
sandstone in its onliuary state, occupying lea Buu-«re miles, and t«u 
yards in tbieknees, the quantity of water cnntaineu ia from fonr to &v« 
hundred millions of galluiis. This would fill a reservoir of a hundred 
Bcrosto the depth of ten fi-ct. If, then, there be beneath the surface, at 
any depth, and bctwuon impermcablo bvda, a apace ten milra square of 
sandaloue, ten yanln thick, this satidatonu would bi* capable orcoiitaiii- 
iog betwet^ti forty and fifty thousand] milliuna of gallons of wxter; and if 
thean fland« were fed from above by tbn nuu-UI of a dielrict of one 
hoDilred square miW, ou which tbe riwn-fall wm tw«Qty-«ix inubea nar 
annum, of which one-third part, cittcrvd tbe carlli. it would uc«d three 
years to acoumukte tli« quantity named. It ia evident, then, that the 
undsrgroutid otore of wat«r must geuerally be greutly ta oxoeu uf tho 
mean annual supply. It will be important to nmivuilier thia in catiuiating 
tbe value of an) undorground souroe uf springs fuil by a dn)iii.i((e lifea 
of measurable extent. Tbe underground store, tUougb reaUy depenJuut 
on tbe nuD-rall ultimstely, is rather dependent on the average than on 
any particular seaaou. . . . 

Llmsstaoea differ from satidstoDea In many ways, iodopeiideotly of their 
oomposiUon; and their water oapaoity aa well aa tbeir behaviour ns 
water-bearing rocka are among these pniuts o( diffcreitoe. Thus, tits 
least absorbent of ihc conuuun Umcatonea of Eikglaod holds sm much water 
in its ordinary state as a good compact variHy of aaudatouc fit b>r 
buildiug purpoaea — namely, from four to five pints id the cubic loot; 
while a cubic foot of Eath atone will absorb double that quantitVi and 
some varietiee of magnesian limostona nearly tbrbv timea as mtiuh. A 
bed of such atone in the earth, tvn yards thiok, would ouutain in an area 
often miles anuare as roudi w«t«r as would BU a ntaervotr of thtas 
hundnr<t and tif^ acres to a di-ptli uf ten fwet. 

Chalk ia still mora abaorbent ttian lh«.< buibbng limestOQsa, for a eobie 
foot of soft diolk will hobl as much as two gallraui uf water, or as mucdi 
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M Ioo»e wuid. Sndi chnlk will t&ke op bnlf iu own liulk of waWr, nnd 
yet h«rdl; afvpear wrt. By exhamtiww pumping, howerer, ii Inrye 
qawnUty orwKl«r m»y b» obuined from oh»lk; Icr the rook Kaiu tu Ml 
«a* ipODge, tlie water tendbg to sink to tlie bottom." 

Prof&wor Audted, hnviug explained geccmlly the *N>n(litioTi« of 
the iiileriur v( the t-arth, uuiler which Bpriusa riae naiur.nlly or 
wat^r may be obtaiued arlificially, thus states the practical liniiu 
t»> the aupply from spriugs that are ev«n moat favoarnbljr cir- 
cumstaDced: 

"CIihUc, loose saiid, aud some aauilslonM, will ocrtjtiuly yield to 
pumping a Urge qoaotily ot water, uid this will be rt>pUc«d F'ou titnu 
W time Ity miu, while tho <iu)vntity oF water oontained in a given area of 
■a<^ ruck, •aturalcd toacerLaiadiuuth, may very greatly excee<T the quantity 
fvqtiired for the town or city built am the surfaee. But it hy no means 
follow* that the water is obtainable by wells ajid borings because it is 
prmWDt in the r^ok. The IrxMmt vArietiea of rock ani auffidcDtty close 
in taxtare to offer graat ditHcultles to the free pasmganf water; aodeven 
(rom wtUi of exhauatioii tbe (luautity of water renwred in a given time 
ta not only incapable of being incraasod, wbaterer the extent of wetnew, 
bo* the mok is only drained of water within the content of a cone whose 
base is at the surfaca an>l wboM apex ii> the l>ottam ot the well, and the 
area of wbiiM base is rarely more than half a mile in radiuii. Tbe two 
r«cks that yield the largest quantity of watur aro obalk and suft BacdsCooa; 
and ooncaming both thmo uxperimuut has shown that as such rocks 
tfoaimonly «ust, and without Urge open fissaros and naiaral roaervoirs; 
little more than a million gallons per day can be expected from a single 
wi-lL To yic-ld this maximum, also, sucb wells miwt be at least a mile 
uuD4ler. But ovoti those ar« the indications of pwibte nisults, and 
could not bw c>dcuUt«d upon. It is only in the event nf reaching a 
natoral nuerroir of large tita, existing under preasure in the JDlerior of 
some limestone rock, t.hat a large pennaneni sapply could be obtained; 
and sach rcsuTTOtr would in time he exhaustad If toe removal of tUu water 
ware in rzeess of the supply from the lanxtunding rooks. In the case of 
4««p Artt:fiian springs, wbere the supply oomes from a distance, and 
nprwents tlia rainfall on a large an>a of outcropping beds, the ca»e is 
dirarent in mme meaaure; but eren then it has always boeu found that 
there is a practical limit to the quantity obtuaable, an<i tliHt i^ne wt-LI 
ioterfcros with auother if tlie distance between them U very amall. Tins 
is the case even when the drainage ar«a is oertainly large eoou^li tu 
lopply many times ovcrtbu whole quantity removed." 

The fiuiHng of aa ahuudaDt supply of water ia the various 
Itrilish t-ocka that are most famiHar ia aftt^r all mere probability^ 
but the results of geological obwrvatioua lead to the foHowiog 
concluaiouit: 

"The upper tertiarivt of England, including the gravel, rarely afford 
nnythiug initn* than hui-l-Apring«. Kmm tht b->uldcrclay, indeed, water 
is obtainad. though not oftvn in large quantity It is olitiiinod in such 
oasoa fmm under the clayx, and thervforv, in so far, frum outcropping 
beds below impcrrnealiW itrata; but the clnys arm irregular, and no 
important eoppiy can be expected in this way. It is not till we penetrate 
Ut« lower tettinries. and reach the permeable sands helwwit the London 
oUy and the underlying secondary rock, tliat we obtain large supplies 
from Art«>«ian horinga. The sands withtu the London day also contain 
water, and mime springii have huL>ii got from them. The iiippLy from the 
aaiids below the Londoii cUv i^ cxtreiooly largv. 

Chalk is a rock contaiiiiii;;, by absorption, an enormous quantity of 
water, which is diaLributud tlirougbout the whole mass, though cbicdy 
abundant in the luwei part. The linos uf Sinl favour perculatii'a, and 
occasional upaoM in tbo interior of the rock exist, and are generally full. 
At interrali) in tlie chalk there must he beds that hold back water bctMr 
than the rest, and thus many wells bare been suooessfully sunk only a 
certain di<ttnnc« into the rock. Though generally pormoaUo, ebalk in 
many places eoems to ke«p hack water, eap«K)ially iu the upper part, 
where the interstices are, perhaps, choked by the Bne pnrticleii uf argilla- 
inoos mud waabed into them from the London and plastic cUys. Water 
may almost always be obtitned by sinking into Uie chalk to a sufficient 
ilNith, though not always in large qu.-uitity, or rising hij^lt.* 

WelU sunk through the chalk iBto the upper grcensand are not always 
ntnre succesifiil th^n ibojc ttrmitiatiag iu the chalk; bat the gault 
txdow th<> U]>p«r|;rct'iiMJuid U-ing quite iiiip^-nneable, wattrniay generally 
Ih! expected on rcacliing (hifi bed. In the gault there is little water; but 
the lower grewTiNsiini^ below are everywhere in Knglaod extremely wet. 
Almoat Indelinite auppliea might be expected therefore from sinking to 
this rook, but the hniitat'ons slruady mode to the quantity ohtainable 
fiom a single well, or Trnm wcIU within a given distance of each other, 
apply here not less clearly than eUcwbere. The water of the lower 
irreensaiid U irony if got near the outcrop of the bed. but when Hltered 
through other beds, eapecialiy when pii:i«in|f tbrougb much oUy, it 
bet3(HDoa more pure. 

* 1 an lolimsd that 6,a40,0<ll> lalkiat ofwattr per da; ha>« been ohtaiaed, 
witlKSit exhaaftiva pvapiiiif, bwa a aisglt «*U la ibe chalk near tks imntli fd the 
Tkames. 



Little water can he got fnxa the beds of cday at the top of the Wealden 
series, nor ia the Hanioga sand very much to he depended upon. Th« . 
KtOinicridge cUy and the Oxford clay also are so reteDtive. and separated 1 
by ImiHW of peruke«Ue rock ofao little importauoe, as tobavehttie ▼altM'] 
as wator-beuing bads. It must not he suppoaed, iudeod, t£at water iai 
uot to be got beiweao or even amongst thsae two important bands i ~ 
vUy, hot it depends on local conditions, and its presenoe oaimot safely 1 
ansumed without proof. The PortUnd rock above the KtmiDeridga clay' 
Ini4udes overlying stones and an ond«u4yit^ sand, the fomsr of whin 
hold water chietly ui crevices, but the tatter in Ita mass. 

Tlie lower oolites contain much water in various beds, the altematioaj 
of oUyH and open limestones being very frequent. In those parts i 
England whero these rooks come to the surface, the welU are not very''^ 
deep, but tbo supply is tolerably constant- In all cassa the w«lls have to 
be sunk into the limeatone to its plane of saturation, wherever that may 
be, or even through it to tba ^y, as the rack does not otbarwiso yield a 
supply. 

The lias holds back water, ao that at ita contact with the lower oolite 
there is almost always a line of eprings, and under favourable oonditioDa 
the supply IS large and oonatant. Wells sunk into the upper beds of 
the lias rarely fail in obtaining water, hut the quality is not always very 
good. 

Wells sunk through tha liaM whore the thiokneta of these el*ya i« irat 
too great, almost invariably obtain water fix>m the new red sandstona. 
Wolln sniik in tho new rod aandstone are also almost oortain of suoov«% ' 
to some extent; but, owing to the number of close faults, the quaotityl 
cannot bo depended on. and the water is apt to be salu The new raaj 
sandstone is eminently a water-bearing bed, and the numerous alten»a»f 
liona of marl and sand rendnr it possible lo obtain water from almost all ' 
depths. From a well sank at Gorton, by the Mancbestv and Salfnrd 
Waterworks Company, into the new red sandstone, as much aa two 
million gallons per day have hrrn nlrlaimtTl Irj Ihr aiil nf nniiatinj;t;iHcTisaj 
from the bottom of the ahafl and by exhaustive pumping. 

Tho magnesUn timestooc is a rock full of eavitios, and very oella. 
Tlie cavities and colls are 611ed to a certain level, and water may, tba 
fore, he obtained frooi this rook. Lsrge qnantitiea of water are prceent] 
not only in the magnesian limestone, but in the UTiderlying ooal-mciuar<eflf 
and oarbiiniferooB limestone. In the coal-moasorea, at the uiKJerclaVi 
beneath each Mam of coal, and in the limestone in the cavitie^il 
wherever there u an impermeable band between strata, or at faulta^ 
water ia found. The faultml oondit^on of the carboniferous and older 
ro«ks in KnuUnd greatly affecta the watci capacity of the rock. The 
old rcU saatTstoce is a variable rook, sometimes coniuumg muob wat^f - 
in sandy bed«, lometimes in cavilies, ami, at int«r«aU, botween th^ 
Itrata. Thoro in generally a good store of water wbtfrover thia rocfcl 
prevails. 

In Silurian roclkii there are many altematioaa of permeable and impenue- 
able rocks, and n.vter appeara in the intervals. More, however. » to 1 ~ ' 
got from faulte and fissures, which arc very numeroua, than from i 
KtraU. Tlie hmcHt'Mies of this period are, fur the moat part, argillaoeoo^ ' 
and, llisrefore, hold back wat«r: and they are lass cracked and fiaettred 
than the carhonilVrous Umestone and oolites. 

SUtee, schists, nitd al) varieties of granite, bold water only in fisanrrs; 
but from tbeee it may be sought for, in some cases, syslematieaUy. 
Where there is a considerable rainfall, these rocks aometimes afFoi'" 
Urge suppUcs, and wells have hoao sunk into all of ihem with so 
Little depMidsnoe can bo placed on such rooka, however; for tbe 6a,. 
though oneo mtemstic, and ma iinfrequently open, do not alwaji ) 
munioate readOy from one to snotber." 

That portion of the applicationa of geolog^v to the art« aad 
manufactures which relates to the comparative durability of 
diclerentatones uaed iu coostruclioD aDdarchiteeturcwill pro>iabty 
be ounsidered most impoi'tant, but iu treatiug tbia bniuch nf the 
aubjet't Prof. Ansted doert little move thau record tbe experience 
of architects and builders. It ia n question, indeed, rather for the 
chemist than for tbe geologist to dctormiuo. The fact ia well- 
knovD — and ihe Houaes of Parliament havo afforded lamentable 
confirmation of il — that iu the name qunrry stoue of tho sacDC 
geological fonuAtion iii Tory different in ita uicchunical atmcture-, 
and it was atated by the late Mr. Smith, ouc the commiasiooerv 
appointed tf> select tbe atone for that important building, thmi 
nil their eff<^rta bad been marred by tlie miserable economy of 
not appointing a reapoo&itde and properly qualified penon to 
superiateud the n'orks of the quarryuiec. Wo must m content 
Tvith quoting od the 8iibjt»:t cf building stones tbe fallowing 
obaervatioua by Prof. Anetetl, rtsspeotiug ms^eaias UmeitODM 
auil their varioiw ilegrees of durability. 

" Msgnesisu linic>stone« oorvr in various psrta of the middle and north- 
esat of KngUiid. They iimy \^ described aa oonsisting of a variahte 
proporUoii ofcarbonntt-uriinie ami carbuaatvuf magnesia, and aa stones of 
thinoom poaition have been ex leiisivelyuiied ill Mimu recant iroporlant build' 
ingvin London, I maybe expected to givt a more particular notiMof them 
than wuuld otbvrwiw be necessary. Tho colour of the best of them is a 
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good light brown, of wuin aod Bomowhat irony tint; their deniity U 
gnftUr than that of tli* oolitei: the Uboar on them ii intcrni»diat« 
betweM) thkt on the gritstoDat and Fortiand, aiul they can tw obtAioed 
of uj required size. Thfty ar« mlK) four tiDi«« Btroiiger than Portland. 
BoltOTcr iu Derbyshire, Antlon, aod other pUcei both ia 
Notlin^liunihira and Yorkuhire, all in the orae distnot, yield 
abandaiitly this kind of vtone, which iq)p«an to pouecs every desirable 
quality, and, indeed, when careful inqu ry was made conoeming' 
buildings of great a^ In the ndgbbourhoml coniitruetcd of it, there was 
every reawn to prMume that it waa a durable mitcrial. Under those 
drenmstanoei it can hardly excite wonder that Uic commiHionen for 
■■ l ecting Btane for the New Houaee of Partiameot agreed to recommend 
it. It wai uwd for that baiiding, and for Kme othsre in London 
oonitmoted aboat the same time, and among theeo was the Mu^teum of 
Boooomic Geology, in Jermyn Street. Tbe stone in the Intter baiiding 
it extrenely go(^. With regard to the former, it is well known how 
great a failure has roauUvd, Whether this has arisen from want of cars 
IB aelectiug the stone, from the mare trying tixposiire, or from the quanT 
tUtimately (elected not yietdiDg such good quality of stone as the speci' 
metis examined, it is now too late to discuis, but the result should ba 
a warning not to trust to local indit^tious, acid not to risk a building 
of importance to an rx peri mental material, or one of which so little 
was ItDowQ in tbe exact kind of exponire to which it was to be subjected. 
Tbe bevt ranetics of maffn«siac limestone are thoso in^ which there is 
at least forty per cent, of ca^wnate of magnssia and four or five per oent , of 
fltlica. But the onmpMition »l'>ne ts of oomparatiTcly sioall itnportanoe, 
for there ia no doubt that the stale of orystsJlixaUon in the point of chief 
importance. Wbvru this is complete the stone rueists attaidc^ but itisan 
DOfortuDate peculiarity of the admixture* of carbonates of lime with 
carbonates of magnesia that they are rarely the nme for many yards 
together, even in the ume quarry. It is not Hkely that theee itones, 
which at one time enjoyed a high repQtaCion, wilt again be favourably 
ngwded in the Loxidoo market, nor is it fit that they should be lo." 






KwDberor 
Yaar. Pat«ota. 

1841 440 

1843 371 

1843 4J0 

1844 4M 

i«45 ... era 

1846 in 

1847 4M 

1848 888 

1849 514 

18fiO 528 

1851 455 

9 iDOotb 1852 485 

The numbers of applications for patents and complete patents, from 
the introduction of tbo uaw »ystem to tbo end of 186'i nave been as 
follow : — 



On Leiten PaUnifor Inventiont. By FKRDSRtciE EDWAiti>8, jan. 

I^iiduu: Rubt. HanJwicke. 186A. 

Tbe author of this work has endeeivourtd to analyse the working 
of th« prmeut patent laws, and what has been iheir productive 
result since the change iu tlie law took place in Ih^t. Upon the 
subject be aa/s: — 

"Everyone who remembers the passing of tbe Patent Law Amendment 
Aet of 1852, most be aware what reasonable expectatiims were fonued 
from removing the old complex and expensive machinery, and lubatl- 
tuting one that would give instant protection to tbo inventor, and that, 
if be should be uosuoceasful. might occasion him but inooneidorable loss. 
And if, on oarefally considering the various results of twelve years' 
workini; of tbe Act, he ii obhged to see that tJloae results are very 
Idifferrnt to what he roidd have expected, and that even tbe most eKperi* 
•need tlAd been deceived. 

We perfectly agree with him lu to the deception, and have 
never been able to aee why the old law might not have been 
nmply altered to achieve mora beueHcial results than tbe present; 
it merely required the doing away with cnveats, the giving pro- 
tection from the date of application, nmkin:; tlie grant to the 
iuventor embrace the Uuitetl Kiugiiom, and lesvening the fees, 
we think somo ,£60 for the fourteen yearn sufQcieut auJ mure than 
sufficient to pay the GoTemmeul, uud tlii^ fliiui iiii^ht have been 
paid, say £5 on theappltoatiou, and .£15 ou receiving the grant, in 
which tlie patentee might by a proviso contained therein be allowed 
Ltodrop his patent Hght, if he desired, at the end of etghteou months 
IvipanBuditig it unproductive; but if he did not wish it to cease, the 
eraaining portion of fees, ^40, to be tlieu paiil. The whole of tbe 
jirinting and pnhlishing of specifications under the present act, 
Ive look upon as doinp no other good than putting moDeriato the 
Ipaper maker's, the printer's and ihf lithographer's pockets. The 
~xnlian of the work where the rights of authora and liivuntorsare 
ooeidered we cannot ngreewith; inouropiuionboththoauthornnd 
uveu tor are justly eaiitled to whatever reward their imagination 
l^nd skill may produce, without any interference of Oovernmeut. 
' The law is strong enough to prevent a man being robbed of 
Anything he may be poueMed of by purchase, and why should 
itnot be equally so to protect the labors of the authorand inventor. 
Very simple and iuexpousive meaos by wa; of legislation might 
do this. 

The number of patents that was obtained under the last twelve 
jeara of the old system it appears was aa followi:— > 

"ThiB following table shows the nomber of patents granted during tbe 
last twelve yean of the old «ysteo):— 



3 months 



ie&2 

1853 
1854 
1855 
1855 
1867 
1868 
1850 
1860 
1801 
1863 



Applications 
lur Psknls 
aotladailsd 
iathSBSst 
ootnan. 

... 320 .. 
08i .. 

... »M .. 

... 969 .. 

... 11)59 .. 

... i2;Jt ., 
... 1074 .. 

... 106S ., 

... 1182 .. 

... 3204 .. 

... ISSS .. 



OmpUts 
Faieota. 

.... 891 . 

.«. 2111 . 

1810 . 

1989 . 

8047 . 

1976 - 

.... 1988 . 

1987 . 

S014 . 

2012 . 

2167 - 



Total. 

1211 
3046 
2764 
2958 
8106 
3200 
3007 
SOOO 
3166 
3276 
8490 



11,878 20,877 32,258 

lie diapraporiioQ between thesn figures and those given in the 
previous table is enormous. By the nMnoval of oartain impediments, th« 
number of patents grantnd in ten yp&ni and three montha stnnuntMl to no 
leaa than 28,877, exceeding by il.M-^ the total number grants! in two 
hundred and thirty-six years undur tbo old ^ttem. In addition to this 
there have been 11,376 applications, which, from various reasons, were 
not matnnd Ento complete patents. Tlio change in the law, liicrefore, 
gave an ennrmouB ntimuluti nt the patent nfiloe. The sudden rise &om 
about five hundred y>'«u-ly to two tboososd Is very striking, and appears 
to be a good sign, whether it is due to any incuutive given to inventive 
skill by tbe ohuige in the law, or uhieDy to itiduc«mcDte given U> persons 
to take patents «rao wouid have been detorrud from it by the old comfilex 
and expeui^ve nuuduuery. Tho following table will show iu what 
diieotions many of tho patents and applications have been ditftribatsd. 
Printed itvdices for 1863 and 1844 have not yet been published, and the 
figures for those yeoni ctuihot tborefore be safely given. 

'ftillvmaad ILsU- ^^ ... Stssa and 

wajOsntsgca. 



3 months 



1562 

1853 

1854 

1865 

18iM 

1857 

1868 

1859 

1860 

1861 

1862 «.... 



Number of PatenU 
to Oct 1852 . . 



48 

144 
184 
110 
155 
161 
127 
144 
184 
184 
127 

1413 
630 

2048 



TsUgnpfes. other Bolleis. 
NttBtlwr of apflMsHaw. 



StMtt 

BogtaMS. 



IS 
84 
83 
29 

80 
50 
108 
76 
68 
63 
67 

£58 
109 

667 



45 

121 
61 
98 

115 
126 
160 
187 
143 
146 
187 

1398 
877 

1670 



1238 

704 

19S3 



• SOBDinsmirs. 

RaUwa^ and Itailttay Carriaga.—l. PennaneBt way, ruls, nil- 
joints, duura and uleepers; portable railways, atmnsphenc railways, 
trsmwaya. 2. Railway switches, points, crosBingi, and tiunlablei. 
8. Railway oarrisges; coopling and unooupling and altering position of 
carria^fes and engine*. 4. Railway bufiera and breaks; retarding and 
■toppiuK trains; pruvmting colfisioaB. 

Teiefrrapiu ( hledru), — Tftlemphic printing apparatus. 

St<am and otkttr Boilers.—CUmmtui and pnTeutiiic inonuUtioD of 
boilers; water-foedisg apparatus for bouers. 1, CooatraotiDg steam and 
otb«r boilers; guncratmg and soperbeating steam; preventing boiler 
explosions. 2. Cleansing and preventing inemstation in boileni; pttri- 
fying the water. 3. Water-feeding apparatus for boilsn; boating leed- 
water. 

Steam fajrines.— Stationary, kKwinotiTe, and marine. 

71 
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HoiDtMi of Apf>ticali«». 

S raontiH 18S2 S7 4S 7 60 

)W8 208 74 31 H8 

{854 187 00 .„... S3 119 

1865 171 68 26 70 

1858 IM 47 28 84 

1867 184 68 26 .... 116 

1868 189 60 88 80 

1869 160 S6 84 ISO 

1860 146 6S 66 108 

1881 SSI 73 63 104 

1862 , 



>«-«?-"« tfiffSfSi £r^ -ET^ %-- 

^PP-'Suo-. S^ -^ -^ •^ 

amonthfl 16^2... 1211 320 661 308 : 

166S... S045 .... 084 .... 14W 416 „.... ! 

1554... 2764 054 1297 878 1 

1865... 3»&S 860 1488 866 

1858... 8106 10S9 1474 360 ! 



N amber of Patents ) 
to Oct. 1852 ... \ 



216 

1887 

1120 

2957 



72 



700 



SUBDinsiONB. 



89 



392 



131 



14H1 



"•■• HiS!»^; 



SpituUng and Preparing for Spituiiny. — I. Opening, gmniD(f, braaluog 
mmI olesniDp flbruua mjit«ri&ia. 2. Carding, combing, and heckling 
flbmufl materials^ making cfinln. 3. RuvUig, vlubbrng, xpumiii^, twisting, 
doublli^ and tlLn>wing 6bruus iuauri;dit. 

SJeetrieity, Oitlvanitnand MagnetiMtn, and their Applieatioju. — Eloctro. 
pkttiig and galvanuiog^; depontmg DWtal by electricity. 

Sevimg and Embrmdery. — Threading oMdJeft. 

Heatintf and Evaporating. — ReguIatiDg heat. 

TnUlatbig 
* FIro PlacM ; JloM and 
Ontfan. Oiimmvj*. 

Number of Appllcatlofia. 
3 nontha 1852 19 7 19 23 

1853 S8 27 17 36 

1854 82 SO 17 34 

1855 25 17 12 26 

W6« 47 27 28 42 

1867 82 25 18 48 

1858 37 19 28 86 

1859 20 29 23 80 

1860 .... 26 39 21 26 

1861 27 is 23 48 

1862 35 20 21 4S 



N* amber of Patoats 

to Out. 1852 ... 



4H0 



353 



SS6 



473 



• Sl-BDIVWIOSB. 

Fico pUcea, grmtm kod atovM; tendm* and fin gtiank. Flues and 
chunneya; cbimner* Uipa:curinfi anutky chimneys: chimney wind guards. 
Fuel; treating ooai: [irepario^ tire-wood; tire lighters. Veatilating boild- 
ingn, carria^tfs, ships, kc; supplying' diving btdlj with air. 

The preceding tables will he jmniaed both with int.<>reat and astnntah- 
ment, and, [terlutp*, with tli» grvnttwt intemat anil antoniiihBiimt by thoao 
who are funiliar with tome uf the branches of iQaDufa4;ture oUoded to. 
hut who have not boeii ioiciated in the rcoorda of the Patent Oftioe. Of 
their ctirrcotuesa tlirrB can ha no auuatiun. Thu rcoarUa of p&tenta for 
inreDtiona are ho lucidly arnuged tiuit aUtiatii-al iiifurmatids la nbUiiuixl 
with great facility. It in v«ry evident that there han been a great deal of 
enterprise on the part of projeotore. Subjectethat haveonly come promi- 
nently fnrvnrd n-ithin a few yeare, Huch a« the nppticaiions of electricity, 
ventilation, and acwiiig laiiuhiaci!, hovu auvcrtiiL-lcsa fiiruishcd oouaKlunble 
prvportiuun, and it would be well if wo oould know to what extent the 
iiiveuton have met with aucoeaa. The foUowing tubls will throw aomc 
light on thia point It anpoare that, thnngh the numb«r of pabmta 
incieaaed after the Patent Law Atueudmcnt Act from about five hun- 
dred yvwW to about two thousand, the number of penona who have paid 
thfl aDin of fifty p>:iundfl after ibu uspirati»titif thrttt years for an extension 
of thMr patent riirht« for a fuilhur p^rioil of fotir y«an^ haa nut much 
exooeMted the number uf pcnotu who paid a far larger Btim ondcr the old 
Ihw to obtain patent rigbta in the fint tiutiuicc. If the serein and four- 
teen yean' patcnta of the 6nt four complete yt^art are added together, 
the Yearly average of the edght complete ytmn will be found to be ubuat 
five nundred and sixty-three, showing a yearly locreaae of about sixty- 
aix on th« lost eight complete year« under thu old law. It appears idso 
that tlie number of peranrw who, unilRr the new law, have tm^ the 1001 of 
one hundred pounila after the expiratioo of eevea year* for an extension 
of privilege for the fall period of fourteen yean, ia le^ tUui hnl( the nuiu- 
her that paid in advance for the saina peaud undur the old law. 



18084 



4336 



6280 



1712 



&5« 



It*.*!?-.. 3200 1224 1898 684 I »e tfirtdsd 1 

t««MI tbS 

1868... 3007 1074 1394 539 I rai. aad 

1850... 8000 1063 1306 542;i^^ar^ 



I860... 8196 1189 



25487 



8779 



1435 



11996 



K7g I ei l i^fOoB af 
^'v I lbs Brst parted 



3966 



866 



The tabular view we have extracted apeaks votame*, audi 
sbows that the preitcut pu{cul laws have only becD producliTO i " 
a (|uautity of rubbish without regnrd to quality; of the truth of thii 
naaertioa coosiderable light is Uirown by the sapenuteDdcnt of 
speciGcatioua, who, the aathor slatee has, iu an Appeodii to his 
evidence in a recent pariianieutary lepoit, bHowd what is the 
real value of the tiret huudred upplicatioue for patents in theyeftra 
186^ 1656, and 1862. 

A.n. 1855. 

" Of the fimt hundred inventtone, for which applicatictia for i 
were mtulv in the yvm 1855, none arv apparently of ooiuid«rable valu 
hut I buliurc it to bu imtK>»siblu to predict beforehand the valoe of aay 
inventiou. Four of xim huu<ln:d invcatiuua appear to be of eonae, batnot* 
of great value, and nalutits wer^ granted for all of them. One of thnaff 
patents expinxl at ihv end of the third year of the grant, and tw)> at the 
and of the seventh year; and conaeqaently only otM continoce in fore*. 
A.U. 1858. 

Of the first hundred inventioni^ for which applications for pateati 
were ma>de iu the year 1828, uooe are apparently of coniiderahla vafon, 
'niree of tha liLimlrt^ invcntiiins appear to ha of Mtii»i ImiI net of uimIi 
value; tuul patents wuni ifrauted for all of tliem; hut theee pitmti 
expired at the end of the third year of the grant, 
a. D. 1S62. 

Of the first hundred iaventions, (or which applications fcr pat«nti 
wfloe made iu thi: year 1862, one is appaTv:ntly of cou'ndcrable value; and 
a patent was granted fi<r it, whiuh i* »till in force. Of the aamr boDdred 
inventiona^ one appeared to be if eonie but not of great valae; and a 
patent was granted for it, wluch in stitl in force. 

Therefore, aooording to Mr, Woodcroft's jodgnwnt, given with the 
caution that might be expected un matUrrs 0} such complexity aod 
variety, of three huudred applicatious, only one appeared to hiu to bt of 
eooaitfeiablo value, and eight uthon appeued to uira to he of aatne bsfi 
not of great value. These ooncItmaDs are remarkable, and are eviai 
more unsatisfactoty than the puhliabed statiaticn. If only nioe pateum 
out of thrve hundred upptlcatloaa appeared to poaaeea aome ■obstautta] 
value, thvre might be no more tbao ninety out of throe thoueasd. But 
the table given above appears to show that of S106 i^plicativai iu 
1856, 214 pursoDs found iheir patent* valuable to them after aenm 
yeais." 

It will be seen by wtmt wc have givcnfroni this work, Uiat there 
is ranch curious cuattcr that every petKou Knga^jcd iu artiaticwork, 
niaauAiotures, and ttcieutiflcpiirsuitHKhould rt.'!id,nDd weBtrDOglj 
re en III III 6 lid it U> them an cuutainiii^ iiitich thai i^ really valnable, 
although we must Join iaane against the notion the author appears 
to entertain, that the granting of patents are of but litOe value. 
It ie our opiniuu that a true toveotor ahonld have protection by 
simple elTicieu t laws for wbut he produces for the public benefit — 
without (government dippinc their haudtt iuto liispockete, to give 
him ft so-called protection, tliat in uioetv-uiue cases out of every 
hundred proved no protection at all; 1>eei4leB, why aboold the 
Govertiment,a.'>DCiw,gm.nt a monopoly toauiiiventorfor any period 
of time — with the proviso that the pablic ahould oae it at the 
expirntiou of the perio<l, when it Iiaa in aluioet every case 
become superseded. The public instead should be enabled to 
nsetbe Invention fmrn the completion of the leitera patent, paving 
the palt->)itee a pro[>ortiou of the pmBta made by the oaer (witiioui 
the interference of the jvatcutee) provided he honestly keeps books 
.—producible every quarter, to eatiafy the patentee what hia pro6t 
bas been — the per-ceotaj;e upon the profits being settled by the 
law goveruiug inventors^ patent rights. 
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CLARK'S PERMANENT WAY OF KAILWAYS. 
{With on Engraving.) 

This iuvention waa receatly pataoted by Mr. William Clark, 
of Chftnoery-laiie, London, as a cooimunieation from M. Dum^ry, 
C.E., Parifl. The patentee i»t&t«s (.bat:— 

The priocipat object in the eoiptoyment of rails of railways, 
beaidea that uf ubiaiuinff direction iu a horix^outal plane, is to 
procuraa perfectly uniform rauoinff surface, which shall be always 
rigid and of Bofficient secttou Ut oe uninflueDcod by the dead 
weight, and prodaeing neither shock nor ooncuasiou, that is to 
•ay, preventing any vertical uiovemeat of the travelling body, 
which is kept in a plane perfectly parallel with that of the line. 
To eaaure ttiis renuU tuany luethods have been employed, such as 
atone blocks, lon>{itudiu»l walls, sleepers, and plateaof metal or wood, 
provided with iDiermediau.-iuutaIlic supports or chairs. In many 
oases interueiiiate chairs are dispensed with by placing the rails 
directly ou the sleepera, and fixing them thereto in any iiuitable 
nuumer; it bas also been attempted to place the ratU directly on 
tbe ballast without nuy other acccasory ttiau the noct'Si»ary means 
Cor preae ving their parHllBltsm.uutwithst&itding which oomplotely 
taUafactory results have failed to be attained. Stuoe blocks, from 
their rigidity and bulk, wftuld suffice if continuous, and were it 
not from tbeir very nniuru they oppose an intermittent iocrtueas, 
tbe destructive eflecta of which tell both on the line and rolling 
etock, causing a wear at e^cb point of support of the rati which 
renders ibe latter unsuitable for turning, by meaus of which 
it ia rendered longer available for use. Hence it ia only 
with moderate speeds, comparatively heavy rails, and light 
rolling stock, that stone bna produced a favourable result, 
but with carriages or engines of sufficient weight to pro- 
duce deflection of the rails, the bulk and rigidity of the 
stone poaeesses disadvAntages which it is sought to remedy. 
Now as it is impnaHible to increaaa the weight of the 
rails HutHciently to prevent deflection, it has been supposed 
that by fnrmiug the supports of a oomparativuly elastic sub- 
ataooe, one portion of the shock would be absorhvtl. Hence 
tbe employment of woml h iS become atmoat general; but whether 
it be enipluye<l in the form of longitudinal or crats sleepers, the 
fihock ia only deadened at the expenae of tbe wood, which 
Iteoomes qnlcKly worn by tbe iron, and is thereby rendered of 
limited dorabittty. Iu order to remedy this in some measure, 
siugle-heailed railshave been used, which are not roversiblo, and 
present a Aat surface at bottom applied direct on the wood, to 
which they are flied by the aid of wood screws or otherwise. 
These raila, which are termed Vignole rails, are iu many places 
preferred to those with double heads, but the absence of the 
solidity imparted by cmss sleepers, their isniation and want of 
resistance to lateral atmiu, together with the iuipurf«ct cunnectiou 
of the iron and wood, and the wear of the laitcr, tcnda to limit 
their use. ilaila have also been made in the form of an inverted 
V, and known by the n.amo of Elarlow or sleeper raiU, but these 
)M»a»esa tbe following disadvantages: — 1. They can only be made 
in short lengths in consequence of their weight, and thus they 
multiply tbe joints, which it is sought to avoid. 2. They are 
liable to spreatl, and be crushed under the influeooe of the loads 
DABsing over them. 3. Their bearing surface on the ground is 
limited to that of the rail itself, not uxteadius beyond the width 
of tbe line. 4. They ai« only fixed by the b^last iu whicb they 
are laid, which is always uncertain in its nature. 5. It is neces- 
sary, in order to reww the wearing surface, to re-forra not only 
that part, but also the support itself wbicli is uuinjureil. 6. The 
sabsistence of the line from the above causes produces lougttudinal 
undulations tn a l.trge i>xtent, civnltng a lateral rocking motion, 
which imfiairs tlie slaUlity of tlie rolling stitck, and at conside- 
rnble speeds proves a source of much danger. It is thus d^ar 
that it has been sought, although very imperr>-ctly, to remedy 
the various disoflvaiiLages of existing railroads, by joining the 
flexibility and instability of wood to the flexibility of the rails. 
It is further neoeasary, in order to allow of considerable speeds 
being attained, to use larger and heavier chairs and stronger and 
heavier rails, and even with this augmentation of the weight of 
tbe rails, as the deflection is in direct proportion to the square of 
the dixtatico Iwtween thu supports, it becomes further necessary, 
in order to obtain an adequate result, to place the crom aleaperu 
tiearer together, and so multiply their number; and it ia only by 
uniting all these condiUnns that a partial remedy is attaiupd, and 
which can only be either removed by the erapluyment of aeon* 
tiouoas bearing poaseasiug neither flexibility nor elasticity. Thus 



il is only by complete rigidity, which has hitherto been aban- 
doned only through tbe impossibility of attaining it absolutely* 
that the true qualities of a railroad can be realised. Thus it is 
by obtaining onutinuity in the construction of tbe rail, and also 
in the means of fixing the same, that 1 hone to obtain as a result 
A line which shall possess a smooth ruuuing surface, durability, 
be economical in ooustruc^on and maintenance, and at some 
time tend to preserve the rolling stock. 

The ob}iH;t«of this invention are thus various, and consist iu the 
employment of a rail of a different metal to that of its snpport in 
order to obtsdn tbe necessary qualities from each; to dispense 
with acceasory parts, such aa the chairs, wedges, keys, and others, 
tbe coat of which is not compensated for by increased wear ot 
the niils or sup|iorts; to unite tbe raildirectly to itssapport, and 
BO intimately as to dispense with tbe ordinaty fish-plates, or 
rather to obtain a continuous fishing of the rails; to combine a 
rail with changeable bead with a metal sleeper forming part of 
same; to render the surface in contact with the ground not only 
oootinuouB, bnt superior to the plans now adopted on the best 
liivea; to obbiin lul these advantageu by the aid of ordinary 
forgiugs, at same time ensuring tits perfect junction of tbe parts; 
lastly, to render their ailaptatiou as easy as with tJie systems 
ordinarily adopted, placlug the whole, where circumatauces will 
admit, on a macadamised surface previously prepared. 

The means for carrying ihisinveution Into effect are tc^ simple. 
I fintt take a piece of iron and roll it of a T form, the width and 
depth uf whicn are such that on inverting the T the width of its 
base shall present a snlTicieut surface to austatn the weight and 
prevent tbe crushing of the line or sinking of the ground, while 
the vertical part ofiera tbe requisite additional support to the 
rail for sustaining the heaviest loads. A siugle-heaJeJ rail, also 
obtained by rolling, is connectod by bolts to the vertical part of 
the T iroQ io sach manner as to form but one whole, and 
presenting the appeantnce of a Vignole rail of the amplest 
dimensions, and L-i>uittructe4.1 of two {mrts having butt joints. 
Cross sleepers are applied for connecting the two mils of a line, 
and serve to complete the Arrangement. The ends of the cross 
sleepers being turned up iu huok iona, a single bolt is sufficient 
at each end to prevunt any deviation Irum the plane of tlie sieepen, 
and to give the whole perfect ri^^idity. 

I do not confine myself U^ tbe precise form or dimensions of 
this sleeper, nor to those of the rail and longitudinal rib, as they 
may be varied according to the nature of their application, 
although changing uotliiug iu tbe basis of the combination form- 
ing the subject of the present invention. 

The principal features of this combination are — 1, the adoption 
of a ruit sleeper orsleeper rail, forming one and the same piece; 2, 
this sleeper rail possoiMf!4 au advantage hitherto bought for uniiuc- 
cessfutlyin single rails, it being composed of two metaia of different 
densities, the one renewable and llie other [Krouiuent: 3, it pos- 
aesaes the same siniplii'ity of urrnngcmeni and construction as 
tbe Barlow rail; 4, the adoption of butt joints forming couiinuona 
fishing; 5, dispensing With the many points of contact causing 
oontinned wear inordinary chairs; 6, obtaining continuous contact 
with surfiMes oomporvtively incapable of injury; 7, heavy 
forgiugs are not required; &, the whole of the metal is utilised, as 
also tlte resistance of both parte of the rail; lastly, the line may 
be laid on a macadamised surface previously prepared. The 
lower |iart thus acta as a sleeper having snificiont surface as a 
rail iu perfecting the resistance to dvflrctiou, as a chnir in itH 
opposing any tendency to become overturned, and &n a tisb-pUie 
from its being uraoged with butt joints. The upper pnrt of the 
rail, proptrly so called, answers either the double purpose of 
resisting any tendency to deflection, and preseuting a hanlened 
surface to prevent cruahing, or it may be with the latter object 
only. 

If it is wished to diminish the weight of the rail proper, or if 
instead of making the iron denser it be constructed of steel, and 
cumttrqueully economiBeU in weight, the vertical part of tbe 
sleeper should be of sutficieut strenfjtb of itself to bear the 
weight, the hejtd of the rail being applied thereto either by means 
of ears securetl by bolta, or by means of a groove, and fixed by 
keys, pins, bulla, ur otherwise. 

Tbe raila are fixed iu puaitiou on the line by simply embedfiing 
iu tbe ballast as iu urdiaary, or by previously Imnleuiog the 
groand and laying the rails in mortar or cement, leaving open- 
ings for receiving the croas sleepers, which are then consolidated 
by filling in d'y rubbish, or it mity be suitably cement^. It is 
unnecessary to add that the water is cairieU off as In unlinary by 
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the incliuntion of the nurfnce, with or without natural or arti6ci<U 
SubAnil obanDeJs. 

Tlie pnContee Tnrther Btntes that he has oooBned biiUMlf to one 
oxaiiiplfl of the method of AppticAtioo, coDaideno;; it nnii^cRHsnrr 
to multiply fornis having but one gintcle object, aii«l which will 
be nudentood from the foregoiQiz dci«ci'iptioD. The inveutioa 
thus comprises two esw-ntbtl pniota:— I, the rail, and 2. the pre 
vioua hmnl«ning of the ground, tli? i-nil lieing applied in any 
mitAble manner, and the improvei] fonndHtion being apf^icable 
whatever may bo the form or ayateiu of rail to be aaed: each of 
which improvemeula may be employed either separately or in 
combination. 

Refbrehcbs to Ksoraviuo. 
Fig. 1 (Plate 2d) represents a tranflvcrsc section of a sleeper 
in iumtshcd with its cross sleerer; Hg. 2, a longitudinal elevn- 
tioD, and Fig. 3, plan of same; Fig. ■! repre»entii a rail laid on a 
maquJamised sarface with a bed of cetu^ut iutarpoaod, which 
latter, in order to compensate for ita friability, may further have 
a thickness of wood or other sabstAnoa applied; Fig. 5 repreucnts 
a rail, the bead of which is formed nf a harder metal, a, single- 
headed rail; b, sleeper carryiug the rail; «, bolts for uniting 
the parte together; i^ cross sleeper; e, hooked ends of steeper; 
^t bolts of sleeper. 

iTutitution of Chit Engin^ert. — The CouDcil of the loatitution 
of Civil Engineers have awarded the followiug premiums: — 

1. A Telford medal, and aTelfnrd premium iii bnolta. to J. W. Bnzol- 
gette, M. In»t. C.E„ for hu paper "On tLc Mt)tn>j»<)litttii yysteiii tif 
Dnunage, and ihe iDUrception of the Sowoge frum tbc River Tbiuefl'* 

5. A Talford medal, aod a TvUtml pn:mium in buoks, to C. Reilly, 
A.I.C.E., for his pap^ "Od rniform StroM m Gird«r Woric, iUustratMl 
by reference to two oridga roccntlv bnilk." 

8. A Telford medal, anil aTelfori) prvioitun in books, tn E. H, Clark, 
for bis ** Dvncription of the Upest Grimsby (Roy»l) Docks, witU a de- 
tailed Account of the Eocloted Land, Eutnuice Locks, ilvck Woll^, 
*c." 

4. A Telford medal and a Tatfoid premium in booka, to Capt H. W. 
Tyler, R.E., A.I.C.K., for tua puper "On U.e Fentiniog Rjulwav lor 
nssengBjB; as a 2-f«et gauge, with sharp curves, attd worked hy Looo> 
uolivs EuKioes." 

6, A Telford premium in books, to J. Eitglaod, M. InsL C.K., for his 
paper od " GiflTord'a Injector." 

6. A Trlford premium in books, to T. Uawtkom, for his " Aoooont 
at the D<ick4 and Warehooses at Uaraetlles." 

7. A Telfijfd prtmiom in books, to K. Fletcher, for biii psper "On 
the ^taintenaoce U Kailway Rolling Stock." 

8. A Telford premium in books, to K. Jubiuton, M. Inst. C.E., for 
his paper on " The Ch<»y-Air Hrid^o, Madras Ifailiray." 

». A Telford premiiim in Iwokji, to G. O. Mann, M. Inst. C.E., for 
bis paper "On the IkxAy of Materials in Ironical CUmatM, and the 
methods employed for arresting and pn^vunting it." 

10. A Telford promium in books, to W. J. \V. Heath. A.I.C.B., for 
his uapcr "On the Decay of Mateilals in Tro]iical Climates, and Ihe 
methods employed for arrestitig and preTcntiiu' it.'' 

U. A TfUoJd premium iu bcwka, to J. Toylor, A.I.O.E., for bis 
papor on "The Kiver Tms, aad Ibc Worki upon it counooted with the 
Karigation.*' 

I'J. The Manby premium in books, to H. B. Hnlentedt, A.I.C.E.* 
for his " Account oi the Draioago of Paris.'* 

Vtntitatwn. — General Morin road a paper, very recently, to the 
Academy of Science, on the ventilation of public buildiugii. The 
fapdamcntal principle of good ventilation, he observed, waa 
this: — ^To draw off the vitiated air froii] the stratum nearest the 
floor — that is, in the immediate vicinity of the persons in the 
room, and tr.Admtt pure air throogh the ceiling or apertures made 
iu the walh dose to it. In winter the air to oe introduced may 
be previously warmed by an appamtus p]«c*?d under the roof; bat 
iu summer considerable difficulty in et]Couut«red iu lowering the 
lem|)erature of the air to be adaiitted, since the suu having darted 
its rays upon the roof during the day, the epacc noder the roof is 
so liot that, instead of admitting cool air, it penetrates into the 
bailding at a much higher temperature than thnt of the interior. 
OeDeraT Morin baa tried four diffttreiit plans for cooHnp the air. 
The first ooosieted iu making it pass throogh a space liTliKl with 
uulveriaed water— that ia, rwJuced to a sort of dust, us it were, 
by making two jets of wat«r strike agaiiiHt each other with great 
violence. By this method the temperature is only lowered by two 
degreee, and moreover. It would require a considerable quantity 
of water aod costly machinery to elfect it, unless ample water 
power were at oomnuod. The second plan consists in making the 



air pAM along the lidea of metallic veaseli oootunin^ water, which 
niny. if neoeesanr, be cooled with ice; bat here again there is the 
difficulty of givmg the cooling surfaces a snflicient development 
— n condition which cannot easily be complied with, and which 
therefore, in point of fact, renden this method impracticable. 
The third cuiiiiiata in making openings on that side of the 
building which is never exposed to the action of the sun, while 
the vitiate*! air is drawn off throuifh metallic tnlies, the draught 
of whicli is increased by the action of the aolar raya to which they 
are exposed. On the aide exposed to the snn the windows should 
be closed with blinds, or in the case of skylights the glass panes 
may be watered outride. The fourth prrKMsa will be easily ap> 
plicable as tioon as Paris can command abundance of water by the 
newacqueductof the Dbuya. it imitates the natuml effect of rain, 
and is very efficacious, since one cubio metre and a third per hour 
will suffice to water 100 square metres of roofing, which will tbaa 
be prevented from being overheated by the bud. Applied from 
an early hour in the morning, and continued as long as the sun 
shines on the building, it not only prevents the roof m>m getting 
hot, but will I'educe the interior temperature of the building very 
considerably, and cool the air ailmltted into the g.irr(>c or spaoe 
nuder the roof. As this operation of watering need not be per- 
formed for more than sixty days evory year, the cost for a 
large railway Htatton like the Orleans one, for instaDoe, would 
not exceed lOOCrf. each seaaon. 

Co§i ^ Great Drainagt Workt.-^ln consequence of the terrible 
disasters which occurred m 1856, when the whole of the great 
basins of France were inundated, a careful inquiry and surveys 
were made, and in 1858 a law was passed for the carrying out 
such works as should iuaare the towns which bad suffered moefc 
against future inundations. Works have been executed with thati 
view in forty-five towns, at an outlay of twenty-two millions of 
francs, or j^60,000. As regards the great valleys, the Imperial 
Government appointed au iusix?ctor-gcnorat for those uf the 
Si:ine, the T^ito, the Bhone, ana the Garonne, and the result of 
all the siin'eys and inquiries that have been made was made 
known Ui tin? ('orps I^gialatif by M. Franqueville, the govern- 
ment commissioner, iu the following words:— "Are you aware, 
gentlemen, what it would coat to reduce the level of the waters 
iu these valleys, say 2 or 3 feet, during great inundations? — For 
the valley of the Loire it would require eighty-five reacrvoire, 
which would cost a hundred millions of franca (four millions 
sterling^, and the same for that of the Bhuue. We have not 
dared to uudeiuke sacb au enterprise, to ask the country to 
make such sacriQces in order to prevent a misfortune that only 
occurs two or ihree times in a cenlnry." The vslleyof the Hhone 
was inundated in the yearn 1840, 1841, and ISAfi, and that of the 
Loire in 184G and 1856. The opinion of those who faavo inquired 
into the subject is, that such inundations cannot be attributed to 
any changes that may be made in the quantity or dtstribotioo of 
timber in the Jocalitiea, but that the fiicts observed doiiug eighl , 
or ten ceaturioM prove that tbey ai-« the result of a concurrftDCS 
of nceitiiin number of atmospheric circumstances, which furtn- 
nately happens but seldom. Another conviction forceit upon the 
governmeut «iigin''ers is, th'it the plana proposed are of very 
questiouable efficiency, and upon this head a report is promised 
uf the results of all tfie examinationa that have taken place under 
the general council of engineers having charge of the roads and ] 
bridges of the empire. 

Great Prise in Valiaic Etectrieiiy. — The French Oovemroont 
has just announced the renewal of the grand prize of .5(l,i.KK> frs. 
to be given, Iu tive years' Ume, to the author of a iliseovery which i 
shall r«tider the voltaic pile economically applicable as a sonroe . 
of beat, as a means of lighting, or otherwise, in chemistry, 
mecbanic», or medicine. This prize was awarded, io September 
last, to M. Huhmkorff, for tbt well-known apparatus which bears 
hin name. In case no iiiveiLtiau deemed worthy of the honour 
sbouM be brought forwant within the time speci'ied, the period i 
may be [irolouged for another five years by decree. The prix* is 
believed to be open to all the world, but it is not so stated. 

Parii Uniwtraal Exhibition of 1867. — The mimimnm amount 
of guarantee having been subscribed for, the Imperial Commission 
hiis added nineteen members to its body, as representatives of the 
guarantors pn>vide<) for in the original degree. The list tndades 
saveral names well known ld the financial and industrial world, 
as MM. E, Perfcire, P. Talbot, the Due d'Albufera, Baioa 
James dc Rcthscbild, Sallandrouze de Lamomaix file, Desfo«u% I 
and Halphen. 
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SCHOOLS, CLERKENWELL, LONDON. 

(With am Engraving.) 

Tbx lATge dutrict of St Philip, Clerkenwell, with a popaU- 

tlon of nearly 10,000 persons, beiog without achuols, means have 

latelj beet) taken to iwoure a 8it«; after soms yean' fruiUoaa 

[labuur^ two jreeliold houses have been purchased of the Metro- 

*^poHtaD Railway Coiupaoy, the land of which when cleared will 

nave cost the cooLDiittee at the rate of above ^20,000 per acre. The 

firopertyhas frontnf^ in Kiug's-croes-roaH, and in the side street 
etuiing into OraDville-equare, and is onnaequently very suitable 
^ for its parp^tse. It is intended forthwith to erect schools for 150 
infants, ISO nHfli, and ISO boys^ on throe eoparato Hoora, with 
cellarage uader, to be tamed to pro&l by letting. The infant 
IiKhoot will be on the groand<floor, 40 feet by 30 feet; the gii-U' 
l«chool uTcr same, and of similar dimensions, both entrances will 
be in the aide itruet; the hoys* school will he on the second-floor, 
40 feet by 30 feet, and entered from Kiag's-oross-road. 

The materials used will be c^muiou stock bricks, relieved with 

[Suffolk red bricks in bands sad archeti: the floors will be fire- 

proof, upon Fox and Uarrctt'ft syslem; no plastering will be nsed 

internally etcept to ceilings. The eslimatod cost is X'S^OO. Mr. 

Withers, of Doughty-«lreet> London, is the architect 



WANTED: A NEW SOCIETY OF ARCHITECTS I 

(Ctmetmdtd from pagt 253. J 

Most creditable to the membera of onr various architectural 
and archieological societies is the fact of tUcir association for the 
ktudable ubjecta in view, whether these he of mutud improve- 
ment by the interchaDge of ideas, or of mere intellectual amuse- 
ment. It may be fairly assume) that, in Jjondou at least, the 
tvo most importani of these societies absorb within their 
I napective muster rolls some of the most distinguished (because 
I the most studious) men in our liberal profeesion. Yet, sutne there 
|ftr« that stand, and have ever stood, aloof from theai. Not to 
nention living architects of eminence, some of whom have never 
ri>ees members, and others who, if now membera of, aay Uie 
Institute of Architects, had attained a European eminence in 
their profession long before their joining that boily, there is 
the late Mr. Welby Pugin. He was never a member of the 
Institute, and yet no one will deny him a niche among the 
worthies of the architecturnl profession; and what is more to 
our purpose, he never tacked patronage or public estimation 
for want of being a fellow or an assoeiate of that sootety or 
oorporation. 
On that last word '* corporation*' we will mupend, u on a oon- 
^Tenient peg, a few practicsil coasidemlions of the present 
insufficiency of alt our architecturnl societiee, They do ntithiog 
for the public, n^ dc the Colleffe of Physictana, the Aputht'CarieV 
Company, the Trinity Boai-d,and such other societies oroorpora- 
Itioos. The medical practitioner or the uinriuer, who seeks public 
Ereoognition and eTuployueut, carina/ safvly ignore the proceediugs 
[of such bodies as these, lie mutt succumb to their infliience. 
[.But, alns ! how different Is it with the arohitect We architects 
rpcaMsa an incorporated society, but what cares the architectural 
fquack for the proceedings of the Royal Institute of British 
Architects I He can with impnntty emukte the sturdy "navvy," 
thumped by his diminutive wife, and say of the periodical 
L gathering of tbe fcltnws and associates of the Inatituie, '*!( 
'•mnses them, and it does not hurt me." Ilie Institute is power- 
less to put down the quack, and whnl is oven worne than all, 
cannot even afford to piny lu quoque with that worthy, and ignore 
him. And thua it happens that, every now and then, when 
Mr. John Bnll takes to & sudden craving for high art on an 
, extensive scale, aud forthwiUi desiderates a lu^liice, or a what-yuu- 
I will in the way of hrick-and- mortar 'And -plenty •of- it, up starts 
■ome unknown, " ill-condltione<l and unkempt" outtider; and, to 
the intense disgUHt of the whole profession in general, aud of the 
fellows of the Institute in particular, gobbles np the tempting 
morwan {Anglicf " big jutt") before their very eyes. It is really 
Vk> had for anything; especially when one reflects that our Instt- 
tote of Architects is incorporated, and really aspires, in ita own 
way, to define "Who's who" in the prr>fe«sion. 

Now this definition is the very tbiug that is wanted; and 
surely, when we luok round, and see the un»ntisfactory stale of 
the profession, there must be something radically wrong in the 



Institnte's way of defining who is, and who is not, an architect; 
who is "a good fellow,'' who is an indifferent one, or mere 
associate, and who is a quack or black sheep. A few young men 
go up to the Institute for the minor and major examinations 
(excellent things in their way), butnlrea^ly we hear them com- 
plain, "Of what use to me is the pa^eiug these little and great 
^goes,' if the public are to know uothiug of it; and the Institute 
is to go un mannfacturing fallows aud associates over my head, 
without even subjecting them to some process of preliminary 
quarantine or fumigation, say 'the little-go f" Istherenomeani 
of altering the constitution of the Institute; or in other words, 
of forming "a New Society of Architects f Something should 
earely be done to protect tlie young and often friendless students 
of a precarious profeeaioo, particularly in the Metropolis, 
whe^, of all places in KngJand, it is perhaps the most diffi- 
cnlt matter for a young man of tident to rise into independent 
prautice. 

Nor let those last words be misunderstood. We do not desire 
to ace young men of mere talent jump all at once into inde- 
pendent practice. Tliere is enough of that already: if not iu 
London, in the provinces, where the [lopular notion of an archi- 
tect seems to be, that a youth with a facility for drswing is all 
that the public require. There we very often see the London 
use reversed; aud the design, construction, atid pecaniary adjost- 
ment of vast work* entrusted to young tli^dgeUnga, who ought to 
be comnletiDg their elementary training; if, poor souls, we conld 
only tell them where and how to do it 

Then what sort of society of nrchitx-cts shall we set np in 
exehange for the present unsatisfactory onesT Surety some 
society that will wiuuuw the profession of its sheep, and sepa- 
rate them from the goats, with whom they are mixed up in 
heterogeneous confusion. Why cannot tlie Institute of Archi* 
lects make a beginning, and by conferring, at a small matricula- 
tion fee, an Ansoeiatashipou such gentlemen as pass its "little go," 
and a Fellowship on snch as pass its second examiixation, form 
within ita own body the nudeu* of Htich a society T 

Or, some society might be forme«l, whose leading men might 
be such S9 have distlognished themselves in one or more of those 
three branches of profMaiooal "craft," which are now pretty well 
acknowledged as the mofmo/ for a complete, or raUier mature 
architect:— I. Artistic power; 8. Scientific knowlcilge; 3. Pro- 
fessionrd knowledge; or, what has b^cn well called, "The Xiamn 
of making a LiTing." These three branches of prufeiniiouai excel- 
lence, liave been ouon dwelt no by architectural writers; and most 
writers know in and of wliat they respectively consist. In such a 
Bociety one man, whose capubilitiee for fine art were iosignificnnt, 
might find a oongeoi^ home as a professor of, say architectural 
science; and in all oasesof difficult construct ion, purely scientific, or 
of difficulties iu ventihitioD, sound, sidubrity, &c, the public wotild 
know where to find " the right mau in the right place." Again, 
another man, who, though little of au art-urchitcct, aud no great 
mau of science, was skilled iu professional lore or otfice practice, 
woulil ho well found in such a society by tho«e who h.ippfrued to 
need an arbitrator iu a disputed building contract, or as the case 
might be; while to the juniors or und erg ra<l nates of the society 
the very fact of the three kinds of graduate — soy the art-archi- 
tect, the science-architect, aud the practice-architect, with such 
as hspponed to bold two or all the three degrees— being all 
welcome children of the same atma niater^ would act as a sharp 
inoentive to the energies of the vounger men. They would at 
least know what were really the branolies of iuformatiou neces- 
sary for thcmselvea in after life; and they would, with the general 
public, know to whom to have reoourse as authorities in all the 
throe departments of their profesaioD. 

To oonfiue ourselves, as now, to fortnightly papers over tea 
and eolfee, with the mere enrotment of members^ who die, fall 
away, and from time to time have thoir dreary ranks re-filled, is 
sheer misuse of time atid means, save, os we before observed, for 
purposes of mutual improvement and nmusemeni, while we B«e 
and approve of something better. I>et the members of the 
Institute look round, and, counting tlieir increased numbers 
since its formation more than a quarter of a century ago, deter- 
mine wisely whether English architects, aud Metropolitan ones 
espcdally, are held in as high ealimalioit bjj' the general pnblic, 
as are the members of the legal and the medical professions, who 
judiciously resort to a severer system of showing the public who 
are, and who are not, their great men. 

n 



THE CIVIL ENGINEER AND ARCHITECTS JOTJItNAL. 



t<M.I«U« 



IMPEOVESfEirr OF TOWNS* 

Bj James Liajoy, A.I.C.E. 

N<x III. Drainage 

Tor tlralnage of towns is perhaps oue of those ■iibjects to 
wliicli the alttiutiou of tho general public has been calleil more 
tbao any other. It w likewt«e one npon tite get^end priutdples 
of which there has exi4t«d oooBiderable difference uf opinion 
»ranng>)t the leading oieniben of the eogioeering profeaaioa. 
Most pereoDt reooUert tho brick-«ew»r and stoQeware-jripe oon- 
troversy: hnppiJy that has died a natand death, and the mont 
energetic opprmcntti of ptfiea and supporters of brick sewers oo 
the one side, and the most sangnine advocates of pipe drainage 
oo the other, hare settled down to one general opinion; that a 
ooisbination of the two svateiua properly applied gives eoono* 
luioil and satisfactory resulu. 

It ia much to be regretted that in the practice of tho art of 
town drainage, su little regard has been paid to the means so 
bouuufully proTided by Nainre for the removal of the surfiw* 
water. 

Man, in wleoling a locality for his habitetioo.natttrally prefer* 
a ptMicion near a river, a^ he thuit provides for bis wants with 
the least labour to himself: and so villages and towns adjacent 
thereto liave sprang np. The water supply is dmwn from the 
nver, or nearest stream or spring: and the animal ordure and 
other refuse is deemed to be saliafrictorily got rid of if it la 
aJJowed to pass into the same souico. vVa a n:itumt canBer]uence 
the streams bcoume fouled: and when an epidemic therefrom 
appears, then the local aaihorities turn thoir attention to reme- 
dying the evil; tho waterworks are perhaps reuovei higher 
up the river; hut the same pollution of the streams still 
goes on. We may however hope soon to see some improve- 
ment in this respect: the Local Boards of Health are arriving at 
» true sense of their former follies, and the system of makinff 
the rivers which run through our towna, the Grand Sewers, will 
■oon be abolished. With increased jKiwors enabling Uio local 
aiUborities of two or more districts to join together in one 
common plan, and distribute the sewage over the country, anew 
era in dminage will bo commenced, and a fair field will be opened 
lo engmeem to convert and ailapi the great sources of power ia 
nature to the use and convenience of man. 

Sir John Rcunio, in his excellent letlw to the TitM* on 
draiimge.t says: "The great object has bean to get rid of 
the sQperanuua water from the land at any coaU This, no 
doubt, ts very important and indispensable for good agriculture^ 
and vast benefits hav« resulted therefi-om; the oouMqneaoe, how- 
ever, has been that tho rainfall is carried off almost as soon as it 
reaches the stirfaoo of the soil, and baa no time to percolate into 
the water-bearing strata below, su that the subterraaaau spriuga 
are, fur the most j^iart, deprived of their wonted supply, more or 
leas, at-cordiug tc iht; genlogical structure of the dislricte in which 
they are fiittiated; hence. hIho, the dooda rise more rapidly, and 
tie carried ofl more quickly than before. 

Now M then» is only a certain ntumtity of rainfall in each 
diati-iet, and as that uHually takes place during the winter and 
autumn mouths, it naturally follows that during the summer 
months, with a diminished rainfall, dry soil, almost exhausted 
springs, and a hif;her evaporating temperature, the rivers and 
stre.ims drain lower than formerly. This evil is further increased 
by the whole of the sewage matter being discharged into the 
nearest watercourse*, so that these are practically choked up, 
uavigation is impeded, the water is eoutaminatcd, tho atmosphere 
is rendered unhealthy, and the inhabiunts are dcprivc<l of that 
•upply of pure and wholesome water wliich is absolutely maential 
to their lieahhy existence." 

I>t us now consider snmo of the leading points to be observed 
in preparing a scheme for town drainage. The fintt question 
which arises for solution is, the disposal of the rainfall. Upon 
this bmutih of tho subject, there is a difiereucoof opinion amongst 
drainage enuineors. It is thought by some that the rainfall 
should not be taken into account at all in detemiining the area 
of the aewcrs, whilst on the other hand it is contended that pro- 
vision should be made for a greater portion thereof. 

Id the report of Meaan. Bidder, Ilawkaley, and Uazalgette, in 
18S8, it was shown that a large proportion of the rainuUl was 
•vaporated or absorbed, and did uot pass through the sewers. It 
wai also estimated by those gentlemen that upon an average | of 
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an inch of rainfall would not contribnte more than 1 of an inch 
to the sewers, nor a fiUI of Athsof aninchmorethan } of an inch. 
From ubsor rations made of the quantity of rain falling on the 
metropolis within abort periods, it was found that on an average 
of several years, while there wereabont one hundred and dfly-five 
days per annum upon which rain felt, there were only about 
twenty-five days upon which the quantity amounted to ^ of an 
inch in depth in twenty-four hours, or the jj^dth part of an inch 
per Iiiiur if spread over an entire day. It was, tb«r«fore, eon- 
sidereil if ^ of an inch of rainfall was provided for, there would 
not be mure than twelve days in a year on whioh the sowera 
would be overcharged, and then only for short periods during 
BUch days. 

Now let na investigate the difference of area of sewer which ia 
caused bv the provision for ^-Inch of rainfall spread over 24 hours. 
If we take 3i>,0UU persona to the square mile, and u cuiiic feet 
as ttie averiLgo water supply per head per diem, we shall have a 
quantity eonal to 150,000 cubic feet, half of which will have to 
be disposeii nf in six hours, which is equivalent to the whole in 
twelve hours. Then if wo take ^ of an inch of miafinH falling on 
a square mile of tturfaoe, we shall have 580,800 cubic feet of water 
spread over twenty-four hours, or 200,400 cubic feet to be carried 
off by the sewers in twelve hours, which is nearly double the 
(luauttty of vrater aopply estimated, and neoesaariJy involves an 
increase of area of aewer'from 1 to 3. 

It will thus be seen that Uie rainfall plays a very important part 
in town drainage, and that if it is provided lor in the area of 
aewent, it increases the size very considerably and consequentlv 
tho cost. Bot cannot this enormous area for rainfall be reduced? 
Is it abwolutely neceasai^ f According to the report of Measrs. 
Bidder, Hawksley, and Bazalgette before mentioned, when there 
is a fall of \ of an inch, | of an inch only finds its way into the 
sewers; then why provide for j of an inch? Why provide ao 
lar^e an area for rainfiUI, when for more than half the year it is 
entirely uafleM» 1 It not only increasea the first cost of the 
sewers, but likewise the annual cost of pumping, as it must be 
taken into the main outlet sewer, instead of Wing discharged 
from the high-level district^i by means of overflow aewera into 
the natural watercourses or atrvaius. 

The system nf taking a large proportion of the rainfiiU to the 
outlet is likewise objectionable with regard to the utilisation of 
the sewage, although it contains great fertilising properties, as it 
must either be thrown upon the land when it is already saturated 
with rain an<l is least required, or it munt be stored. Mr. R. 
Bawllnson, C.E., in his valuable list of rule^ and suggestiitne 
relative lo sewers and drainage, recommends the improvement of 
valley lines and natural streams, so as to remove more reailily 
Buriace water and extreme falls of rain. He is also of opinion 
that flood water may in most cases be jNuuiicd over the surface 
withont injury. 

There ia no doubt that a coaaiderable portion of the rainfall 
which is now (.carried ntf by the sewers in many t()wns, might be 
saved by the genemi adoption of rain<watcr cisterns to the hoosea. 
Rain-water for washing purposes is reallv a valuable commodity, 
as each degree of hardness destroys 2) ^^ °^ **^P i^ **^ ^*^ 
gallons of water used for washing. Soft water is also more whole- 
some, and effects a saving in generating steam power, and lo 
other operations.* Gain-water might also be prevented from 
entering the sewers in such large quantities, by the adoption of 
conuiderably larger gnllies in the streets. They might be coo- 
struicted with an internal cast -irau cylinder of the same form as the 
present giiUieR, with perforations at the top, so that the water 
might overflow into a large brick chamber or well, and tlte iroo 
cylinder would retain the mnd and sediment. There could also 
be an overflow pipe from the brick chamber to the sewer, so that 
it could never become overcharged. Or the anme might be 
efrectc<l in a simpler and cheaper way, bj retaining the present 
form of brick gutiv, and oonatructing a well abuut 3 feet in 
diameter, connected therewith by an overflow pipe. This well 
could in many instancea be sattK down to the water-bearing 
strata at a small coflt, or communicated therewith by means of 
boring. It could be constructed in the ordinary way, by a curb, 
ateined below the water level, and above built up in brickwork 
in cenieut. It could also be connected with the main newtr, at^ 
a point below the level of the hasementa of adjoining bnildinga 
or immediately above the level of the euffit of the sewer. Pn>- 
Tiaion could also be made for a pnmp, bj a socket east on the 

" Ur. BawUsiOi »■ water tnppif. 
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COTW of well, Lroaght up to the surface of tbe footway, for the 

» purpose of wateriog the roads aud washing llie pavio^. This 

^wotild requite more laboar thau ubiok the water aupphcd by the 

'■mtar eorapnnifs, but experieace has showu that it ia, notwith- 

■taodiD^, a oonaideroble eavioK of outlay. Tt would aUo 

eonDonuae the puro water, of which we are at the preseot time 

rather prodigal, which ia many countries where it is ecaroe, the 

iuhabitaots go to great expeone to retain, whereas we od the 

ivontnry, give oareelvea ao immease deal of trouble at great cost 

^ to get rid of. 

By thus adopting every available means of storing the rainfall, a 
ooDsiJerrtble aaviu^ is effected in the cost of the sewage, by the con- 
Laaqueot decrease of the area of the sewers. The storm or flood 
ivatars can be provided for, by utilising the natuntt streAina and 
Talley tinea (which in no case should be arched over and oon- 
vertwl into main sewers) and by the construction of overflow 
or suppleraentury sewers from the main iuterceptiog sewen to 
(Im uearest available stream or outlet. 

The second point to which we should dirwt our attentioD, 
is the area requinxl for carryiDg olf the sewage proper. This 
will depeudon the water supply in the particular town or district. 
The supply of water to ancient Ruuie was computed by Prof Leslie 
ftt .V) cubic feet, or 3)£ f>fLllDnB per hend of the population. The 
water supply to tlie Metropolis ia calculated to average about 
d cubic feet per bead: this iuclndos the supply for ordinary 
domestic tiurptwes, manufactories, Fupply to public bnildings, 
baths and wnMbuusco, &c., extinction o( Sres, cleansing and 
watering of streets, &c. There is no iloubt tliut much uf this 
is wasted by the use of defective cisterns, water-butts, ball- 
oock^&c. 

It is to b« hoped that wa shall eveotaally succeed in getting 

rid of the presuut monopoly, aud in obtaining the great desulera- 

turn in witter supply, viz. oousiant service. By constaut service, 

I ohargeable by meter, tlie consumer pays according to wimt ho 

^Vsas and no more. Its superiority over the intermittent principle 

' is ao well Icnown that it in scarcely nec<»is.iry to enlarge upon it 

ID the present treatise, but with a view to k«'ep the subject before 

the readers of the Joamal^ the following list of advantngee it 

offers is giv^o. 

1. Saving of water. 

2. Saviug of the first cost of olateroB, with all the expensive 
ooonectioiis. 

3. Purer water, as it ia well known the receptacles for water 
are imperfectly cleansed, biully constnicted and covered, being 
frequently exposed to the action of the suo, and open to tlie 
eutrauon uf iiioiitand dirt of all kinds. 

4. Nou-tiabitity to the inconvenience of finding the cisterna 
empty, or their contents reduced to a few inches of muddy water. 

6. Economy in the sizes of ihe m:itu9 and service pipes, as the 
delivsry is diBtrihnt«<l over n longer period. 

6. Non-liability of the pipes to bursting, by the saddeu rush of 
water, which compresses the air within. 

7. The pipes are less liable to corrode, as they arc not subject 
to lhea1ternat« absence and presence of water. 

8. Its application ns a motive power to machinery. 
0. Superiority in the praservatlon of life from 6re; and, 

10. Comfort and health of the inhabitants. 

The qui>Btiou of water supply ia so clost-ly allied to that of tnwa 
drainage, that one cinnot well be considered without reference to 
tbeotht^r; hence the ailrtsahitity of the L^nstraction of water- 
vorlcs beiug undertaken by the local boards, and not by private 
oompauiee. 

Haviu^ determined the amount of minfall and the water 
mpplj, It only remuos to calculate the size of the proposed 
wwers Rooording to the drainage areas, the population present 
and prospective, and the fall to the moat convenient outlet. 

Now let Qs suppose, for illustration, that we have to drain a 
town sitTmtp next a river, and that the land nevt the banks 

!there«>f in tlie luweat point Probably, the best mode of dis- 
poaittg of the drainage areas woulti be to amtnge them so that 
the sewers into wliich they diuiu may be, as much as posnible, 
parallel to the river. By this means the 9ewa;,'e ciin b« cullectcd 
At two or more levels, according to circnntstnnces. Then, having 
first disposed of thu liighciil Icvet (which we will call A), taking 
oare that we have included all the area possible to drain thereby, 
cany it to the ma.it convenieut spot uuUtide the town for manur- 
ing purposes. Tbea take into consideration the next level (B), 
and dispose of it in the same way as described for A, but do not 



connect the two together at any point Then take the next 
level (C) initnedintfly below B, in Uko manner, and so on until 
the whole area is complete. It will then be necessary to con- 
struct ovorOoW'sewers, at the most convouicut poiuts, at righl- 
anglcs to A, 6, C, Ac., which can be connected tlierewith on the 
lower side, after having passed under the same, the area being 
increased at the junctions at B, C, &c^ aud then continued to 
the river. 

This priucipk of drainoee simply means, when you have 
sewage nt a high level, keep it there until you can utitiso it, and 
do not carry it down to the lowest level at great coat, where it is 
Qselesti for agricultural purposes, am) must be pumped up again 
before it can be distributed over the land. 

It may he argued by those in favour of providing for a Urge 
rainfall, that if you do not take the heavy rains and storm 
waters in your lown sewers, you must do so in your overflow 
sewers. This is true, but the area thereof is not incrcntied in 
the same ratio, because you are able to arail yourself of every 
means of outlet, as the sewage is so excessively diJuted that it 
is finite innocuous, and in no way injurious to the streama into 
which it is discharged. 

Formt q/ Srweri. — Sewera wen; formerly designed, and in 
aome cases at the present day, by the ignorant in such matters, 
on what is cilled the safe priiicipU* — that Is, to m:ike theiu large 
enough. But, from the numerous experiments which have been 
made, it Is found that excess uf surface is to be avoided as much 
as deficiency of fall. A sewer which is disproportioually large 
in compjirison to the work which it has to do, beoomee, in oourae 
of time, inoperative from the accumulation of deposit conse- 
quent upon the sluggishness ot the flow; but if the sewage ts 
concentrated by decreasing the width of the channel, greater 
rapidity is produced. It is well known that a circle includes a 
greater area within a giren perimeter than any other Hgure; 
consequently, it exposes less suiface to friction, and therefore is 
a good form for a sewer or drain. It likewise requires less 
material, and is therefore the chea|>eat form. It lias been gene- 
rally adopted for the main intercepting sewt^rs of tlie MHtru[x)li(j; 
bat for the minor branches, and for the district sewers, the form 
known as the inverted Bgg shape was preferred, as it gives the 
greatest hydraulic meaa i^pth; coDBet^ueutly, the greatest velo- 
city of flow at the bottom when the sewage tlierein is at the 
minimum depth. The upper part of the section Iwing broader, 
it gives room for the shoulders of the workmen engaged in 
making drain connections or in cleansing the sewers. 

The velocity necessary to prevent deposits in pipes and sewera 
is stated by Beardmore* nt 130 ftxt per miuutc^lj utile per 
hour, this generally b| eaking agrees with the staieweuts of other 
eminent authoritie& on the subject. Prot Hobison states that a 
velocily:=l80 feet per niiuute=: about two roilu's p^r hour, will 
swee^ along stones the size of an egg. But looking at tlie ques- 
tion in a common-sense point of view, the best way to prevent 
deposits in pipes and sewers is to use every possible precantion 
in the oonstmction of the gullies, ventilators, and other connec- 
ticms, so that the minimum quantity of the detritus from streets 
and roads is allowed to enter. The chief cause of deposit in 
sewers, setting aside tiie defects in form, is the want of proper 
cesspits to the ventilators, the insufficient eise of the gnltips, 
the absence of proper and regular suj>ervi!iioi), and the want of 
grating to check the flocculeut matter, and sunk pits or tanks 
to receive the saud, &c., washed from the high lands at the con- 
nection of the sewers with the oi^n ilitches, which have been 
erroneously allowed to be converted into opeu sewers. Also no 
connection should be allowed to be mode into any public or 
private drain for surface drainage (under penalty) without the 
provision of a properly constructed sunk trap or cesspit, which 
would have this advantage, that when it became choked the 
drain would be stopped, and therefore it would be kept cleared 
out 

Another cause of deposit in sewers, is the practice of throwing 
every kind of refuse from alaugbturhouses down the drains. 
This under proper inspection could be preveateil; as it is, some 
tons of guts are deposited in the Thames annually from the 
Fleet sewer alone. From experiments made thereon ncni' the 
outlet, under Mr. Hoe, it was found that the animal and vege- 
table matter and detritus from the streets, held in suspension, 
was 1 in 96. Also thst the matter conveyed was T^l cubic feet 
per minute, or 103,660 cubic yards per annum; — a very good 

' BastdnwiV* Bjdtmsliet. 
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proof of the necMuty Bod eoooomy of catchi&g av*' tnach u 
(MiHiblo kt ttio iuIeU Mid ebcckiog tbe abase of the priraU 
draioL 

If bjd; fart1ierproofUreqiur«dof IheexlraTaffUicein Delecting 
proper precsutiona at tbe iolete to sewere, Pans affords rstber a 
tftriatDg one. From the wactaf cesspita aod guDlea, the whole of 
the ■weepluga of tbo streets b wuhi-d into the sowers. It is 
then flukued into the Seine at a oost« duriDg a reo«ut year, of 
about ^30,000. ezolusive of tbe aonaal outlay' of ^:200 for 
dredgiug nwAjr ibe miid nccuiaulated on the river bed opposite 
tbe cutletii of tlie Mwen. 

The seweni as at preseot constmcted in the metropolia stand out 
io favourable contrast to those ot former times. The; ore mostly 
boilt of gaali cIat bricks, the invert being in Portlaud cement^ 
and the arch in blue lias mortar, excepting in tbe low-lyiug dia- 
triclH, where the/ are entirely io oemeDt. Every possible care 
baa been taken in preserving a troe form and level: so that they 
preseot a perfectly smooth sorfaoe, aud therefore there is very 
little doubt will b«j to a great exteut, self-cleaoaing. 



THE NEW INFIRMARY, SWANSEA. 

f IFt/A Snffravingi.) 

I?f oar Angost namber we gave a view mod block-plan of the 
Infirmary to be erected at Swansea. In continuatiou of the 
anbiecl we now pr« nnt plans uf the two principal floors. 

The building is divided into three blocks or pavilions, cou- 
nact«d on the ground-floor by a oorridor, 9 feet wide. Tlie ceo* 
tml block is appropriated entirety to aJmioiBtratiou; the two 
othsrs being tbo hospitals proper — one for miiles, the other for 
itmaim. On the ground-floor of tlte fem.'xle hoxpital is the <lis- 
penMry, with separate waiUug-rooms for lu&les aud ffmileo, 
with distinct approachirs, aud haviuj^ covered comniuniaitlna 
with the salt-water bath-house. There will be also rooui» for 
ibe resident dispenser. Tbe ward arrsngementa are tbe aama 
for both males and females, consisting of one large aud one auudt 
ward, under the same supervision, aud with similar acnllery and 
other ward-offioea A small ward for eye-coses is provided in 
tbe rear of the oentral {laviiion, and will be under the sujier- 
viaion of the head-nurua on that flour. The nursing-staff will 
oousiat of, in addition to the three head-uursi's, nine day- 
nurees and three night- norseA, allowing two uursca for each 
large ward» and one nurse for each small ward. The whole of 
tlie uunuDg-etaff (excepting the hearl-nnraesj will have separate 
dormitoriea on tbe upper floor of the oeutral block; thoee for 
the nigbt-naraea being kept separate from tbe others. Tbe 
kitchen offices are in the balf-basemeDt story of the same build- 
iog, with one ceneral lift for diebs &c. to the npper floor. No 
pmviflion will tte made for a patients* hoist, as the stairoases are 
wide and in direct communicatioD from the out«ide with all tho 
wards. A small room for operations is provided ou the ground- 
floor, on the ssrae level as the auddent aud surgical wants. The 
outbuitdiogs consist of a salt-water bath-house^ already men- 
tiooed, a lauudry, and a postmortom room (to be nsed as a 
dissecting-room) with dead-houso attached. 



French Coatt Tfiej^rofhic Sytttm. — Within the last few yeara 
the oveanic coasts of France liave been brought into com* 
muoication, by means of the electric telegraph, with the 
head-(iuariers of the four maritime commands establislied in 
that portion of tbe empire; tbe stations on the ooost are also 
enpplied with semaphores, which enable reaseU to commu- 
nicate by meana of sl^oaU, so that the Minister of Marine is 
in &et in direct eomntunication, not only with the coast, 
but with every vessel wiUiiu signal range. Theaa semaphores 
are also open to tli» ^mhlic, so that the captain of any vessel, in- 
ward or outward bonnd, may send or receive news direct to or 
from any part of the country. In ortier to complete the system, 
however, it will require eighteen submarine cables to be laid 
down between the mainland and the islands dotted about the 
oooat, and tbe laying of these is about to be commenced br the 
vessel especially devoie<l to that purpose by the Imperial Oo- 
vemmrnt, tbe •' Dix I>eoerobre,*' which has returned from laying 
the Algerian cable. Amongst the coast cables to be laid imme- 
diately is thai which is tu unite the Isle of Ushaut with tbe 
'I laud. 



THE RESTORATION OF GUILDHALL, LONDON. 

Tbosi who may ba ent«rt«in«d in the city of London on Lord 
Mayor's Day will hardly tail to be greatly struck with the stateljr 
appearance which tbe ancirut Guildhall will then present in ita 
restoral state, with its grand open roof of oak, resembliug ibat 
of Westmiiutei^ball, supplanting the flat and unsightly ceding 
which bad eousted since the great fire of Loudon. For mute than 
two years the whole stmctare faaa been nodergoing a proosss of 
thorough restoration, at a coat of between X2O,UO0 aud £m.\<XX^ 
under the supervision of a special oommitl^e of the Court of 
Common CooooiJ, assisted fay Mr. Horace Jones, tbe city archi- 
tect, aud the works are now being pushed fc»-ward with great 
viffour in anticipation of tbe banquet un the bth of November. 
When we state that the restoration was only undertaken after 
conmltatton with Mr. Digby Wyatt and Mr. Edward Hobtrts, 
whose advice was sought by tbe corpuratiou in addition to that 
of their own architect, Mr. Jones, the strictest arcbftologist need 
hare no anxiety as to the mauuer io which the work la being 
exeooted. Funds have been from time to lime voted for the par- 
poee by the Common Council in ihe most generous spirit. 

Tbe roof has been constructed as nearly as poesible in aoeord- 
ance with tbe period in which the hall itself was originally baill, 
about 4dO years ago, and with a drawing, .^till extant, of the old 
roof as it existed before its destruction in tbe great fire of London ; 
a number of wicdowa by which the interior of the building waa 
lighted from the eouth side, and which had been dosed for gene- 
rations, have been re-opened; aod by the removal of ati oosigbtly 
coating of plaster aod ceraont, all the cliaracttriiMiic outlines of 
the interniil architectural embellishmeutii have been brought 
prominently out — the general effect t)«iog most ple^ising to the 
eye. The new roof is of oak. consisting of eight bays, aud with 
rather a high pitch. It is lighted by sixteen dormers or windows, 
eight on each side, aud from the centra springs a towering spire 
or louvre, for the put ^^oses of light and ventilation as well aa 
omamcut. The erectiuu of a screen at the oast end of the hall, 
with a dais or hustings in carved oak, at an estimated expense 
together of about jC£4iXl, is pert of the general solieuic of decom- 
Uon; aa ta also a rMscd gallery, currusponditjg to tbe ancient 
miustrel's gallery, which usually occupied a promiueut position 
in similar uuildinga, at the west end, at a probable cost of ^liM^ 
including attenilions defiendeut upon its erection. Tlie turret^ 
pinnacles, and upper portion uf the buttreasL's are being repaired,. 
at an aatimaced cost of about i>4800. The internid stoneworlci 
aud tbe tracery of the windows ore being repaired and restored 
at an exf>euse amounting to about £t400, aud it is in oontempli^ 
tion to substitute marble, purbeck, or surpeotiue for tbe preaaot 
pUin painted ihafu of the clustered oolomua, at a further ctet of 
£ilOOO. For the roof aloue /.SOOO has been voted, in addition toi 
sums pre\iou«ly granted for the purpose. At night, at great 
civic entertainments, tbe interior of the linll will be lighted hf 
sixteen gaseliers, aAer a deaigu prcfnred by the architect. Thcae^ 
with a sun burner under thu luiivre for purposes of ventilatioiftf 
are estimated to cmst .£2250. liegard beiug bad to the monu< 
mental character of the hall, tht^ Bijecial o>mtuitt«e charged with 
the general work of restnratian nave recommended the entire 
iiavemeut of the floor with white stone, with granite or marble 
bands and black incised lines, the intersections being filled witb 
ornamental brasses, which would afford facilities for warming the< 
Interior. The expense of this is estimated at /IbTO. — T\pw*. 
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THE BRITISH ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE. 

TuR British Association for tho Advancement of Sdeoou 
oommeooed its thtrty-fiflh annual meeting, ou the 6th ult, 
Birmingham. This is the third ouuual meeting held ia^ 
Birminghiuu during the thirty.five years of the existence of tb4 
Aseocialion. The re|>urt Mhowetl that the receipts for the pas' 
year were /38.3t, aod the expenditure leaves a dispt 
balance of £7^U in the bands of the treasurer. It is grati 
to find that every year a))pet>rs to bring with it an incr 
amount of interest in thv objects and transactions of the As 
tion. Tlie BirnuDgham meeting has been a very aoooeasfal oa^ 
and tbe attendance was greater than on any former oocasIoD 
The flrst general meeting was held io the Town Hall, whe 
Sir Charles Lyell, Bart, formally resigned the Vrenideutinl chuif 
to Prof. Phillips, LUD^ F.lt.S., who Uicn dclivcnid Ihc inaugu-J 
ral address:— 
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Th» Pretidenfs Addrest. 

ABieinbled for the thinitime iu Uibi busy centre of iodnstrions 
£oglaD<l, nmitl the rum- of eogioes and the claog of hammers, 
where the aLroDgeat powers of nature ore trained to work Iu the 
fjury cbaiaa of art> how sofUy falls ui>oa the ear (he acc-'nt of 
suenoe, the frieDd of that art, aod Ixip guide of thftt jiiduatry! 
Here, where Priestley aoalysed the air, and Watt obtained tlte 
mastery over Bteam, it well becomes the attidciita of uature to 
Kalber round the standard which they carried so far into the 
fields of kuLrwlctlge. And when, oa other occasions, ve meet in 
quiet coilcges and acailemic halls, how gladly wt-lconie is the 
union of fi'esli discoveries and new inventions with the solid and 
veaerable truths which are there treasured and taught Lonff 
may such union last; the fair alUanoe of cultivated thought and 
practical skilli for by it labour \a iliguilied and science fertiliaed, 
and the condition of human society exalted I 

Through Ihla happr union of scti^ooe and art, the young life of 
the British Association — on&-third of a ceatury — has been illus- 
trated by discoveries and enriched by useful inventions in a 
degree never aurpasacd. How else could we have gained that 
koowledtfe t>f the laws of nature which has added to the working 
•treugth of a thousaud milticms of meu the mightiur power of 
ateam,* extracted from the buried ruius of primeval forests iheir 
traasored elements of heat and light and colour, and brought 
under the control of the human finger, and converted into a 
msMsnger of man's goutleat thoughta, the dnogerooB mystery of 
the lightning 1 + 

How many questions bave we asked — not always in vain — 
regarding the cousUtution of the eartli, iU histury as a planet, 
its place in creation; — now prubiug with Bhar|H.-ucd eyes the 
peopled spaCB around — peopled witli a thoiiaaud times ten 
tliousaud stars; — now floating above the clouds in colder and 
clearer air; — now Iraveraiug the polar ict: — the desert 8;iud — the 
virgin forust — the unconqueroti uiouutalc; — now soundiog tho 
deptha of the oct^an, or diving iuto the dark places of tho earth. 
Kverywhoro curiosity, everywhere discovery, everywhere enjoy- 
ment, everywhere some useful and tiiercfore some worthy rvsult. 
Life in every form, of every grade, in every stage; man in every 
clime and under ull couditions; the life that now surrounds ua and 
that which has passed away; — these subjecta of high contemplation 
have been examiocd often, if nut always, in the spirit of that 
philosophy which is slowly raising, on a broad security of 
observed facU, sure inductiuns, and repeated cxpcriiuenta, ttio 
steady cohuiiiiit nf the tcmiilu of phytucal truth. 

Few of ihe great branches of tho study of nature on which 
modem philosophy is inteut were led uucouEidered iu the schools 
of Athens; hartlly one of them was, or indeed could be, made the 
subject of accurate experiment, Tho [irccioua instromeut of 
exact research — tho measures of time, and space, and force, aiid 
motion — are of very modern date. If instead of the few lenses 
and mirrors of which tracesappeariu Greek and Roman writers,^ 
there had been even the first (lalilcau or the amallest Newtonian 
teIesco{>e in the hands of Hipparchus, Eratosthen&s, or Ptolemy, 
would it hnvc beeu left to their rcmot« successors to be stilt 
strugcUng with the elements of physical astronomy, and xvaitiog 
with impatience till another quaiter of a century shall have rolled 
away and given us one more good chauce of measunug the dia- 
unce of tho sun by thr> transit of Venus ? Had such instruments 
as Wheatstoue's clirouoscopo been invented, would it have been 
loft to Foucnult Iu condense into his own apartment an ex|*eri- 
mental proof uf the veh'city of light, and within a tract of thirty 
feel tu det<:rraiuo tliL- rate of ita movement throtieh all the vast 
planetary space of millions and thousands of millions of miles, 
more exactly than bad b«en inferred by astronomers from obeer- 
ratioos of the satellites of Jui)iter/§ By this experiment the 
velocity of light appoars to te less, sensibly less, than was 

* The <iuMitltj of «m] (hu la Oral Brltalii b Uwjrvv JtiM appiva, t>j th«- ntam 
•r Ur. &. Haot, hi btn l>e«u &3,TSr,liTS kaa. TU« mwU jleld. If emplQjMl la 
■testa OBglnnuf pwdooDiiiniciloa, an atouunt of avalUUft force ^Ixjut ainhl tollM^t 
ibttwhnlekniuon nfe. Bnt in ihe (oulxitlion of onalantlfM than !«□ llmM thle 
aBOoot vt force U actoAllr Mt CrtM -alao-Unth* et preMBi belag uaaTUlabK Mecri- 
tng to tb« Matemait of Sir WUUAm JinuaKKMg, m U> addraee to ttaii nuMtlag at Xen- 
cutle la IMS. 

t ThodaOalMBMfseUocAetifasaleMrfcalcvnntvaatliadlHnTMTitfOetMedia 
1919: Oooke ud WtHatitone'e p»t«at Sat as dcctric telwaph la dated te laST; tbe 
flm BiMMM oaroee t)M aUkdIIc vaa d«Utvn>d ta 19U. TuMMoUa eni 

t TbeaOMtnf he*e« or etebes of gUee or oriW la MUecUnc Ike eoter mj* to a 
pwat ara fkntJUrlr lafurraa to bf Aflaophanw ia tbt XnlMii, TtiS: and Uis otaa- 
■Dentkl oeeof oosvei wd ooDcant redect<nlslawi>abx UwcarioasdiKnarioaa la tha 
feOfUl book ofUoreUiu. 

I Hmo pcrforawd eKporiaiesli os tbe vdodtj at Utbl bet««ea SsMtiat and tbe 
Bnta MaBUsaitn^ tqr laeaiia of Um oz7-b7drogeo Uiu, nflactad back la iu uan 



previously admitted; and this conclusion is of the highest interest. 
For, as bv aasuraing too long a nulius fur the orbit of Jupiter 
the calculated mia of light-movement was too great; so now, by 
employing tho more exact rate and the same measures of time we 
can correct the estimated distance of Jupiter and all the other 
planets from the sun. We have in tact a really independent 
measure of planetary space; and it concurs with observatious of 
tho parallax of .Mars in requiring a considerable redaction of the 
assumed diameters of the planetair paths. The distaooe of the 
earth from the sun must bo rodocou from above ninety-five to lees 
than ninety-three millions of mitca, and by this scale the other 
space- measures of Uie solar system, excepting the diameter of the 
earth and the distance and diameter of the moon, may be 
corrected.* 

The light and heat which are emitted from tho snn reach the 
earth without great diminution bv the absorptive action of the 
atmosphere; but the waste of beat from the surface of our planet 
through radUtion iuto space is prevented, or ratlicr leswened, by 
thiit same atmonphere. Alany transparent biKliii^B admit freely 
heat-rays derived from a source of high temperature, but atop the 
rays which emnDate from bodies only slightly wnrmcd. The 
atmuajdiere possesses this quality iu a remarkable degree, and 
owes it to the presence of ditiTused water and vapour; a fact which 
Dr. Tyndall has placed in the clear light of complete and varied 
experiment t The application of this truth to the history of the 
earth and of the other planets is obvious. Tho vaporous atmo- 
Rp)icre acts llko witrm clothing to the earth. By an augmented 
quantity of vai>our dissolvwl, and water suspended in the air, the 
waste of surface-heat of tlie earth would be more impsdetl; the 
soil, the water, and the lower parts of the atmosphere would grow 
warmer; the climates would be more equalised; the general cop- 
ditioos more like what has been supposed to be the state of land, 
sen, and air during the geological {wrtod of the Cual- measures. 

tiuch an augtuoutatiou of Uie watery coustitut-uts in the atmo- 
aphi-ru would be a natural Dmsoquenoo of that greater flow of 
heat from the interior which by many geologists, mathematiciani, 
and c)iemistH is iiuppoaed to havo hajipened in tho earlier |H!riods 
of the hiHtory of tJie uarth. 

By the same considerations we may understand bow the planet 
Mars, which receives not half so much heat fivm tho suu X f^ the 
earth does, may yet ciijuy, as in fact it seems to enjoy, uttarly a 
similar climate, with snows alternately gathering on one or the 
other of its poles, and spreading over large spaces aronnd, but 
not, apparently, Iwycnd the latitude of fiO* or 40"; the equatorial 
band of 30* or 40° north or south being always free from snow- 
masses bright enough and large euough to catch the cyo of tha 
observer. Mani may, tlicrefurc, be inhabited, oud we may see in 
the present state of this inquiry reason to pause liefore refusing 
tho probability of any life to Jupiter oud eveu more distant 
planets. 

The history of suns and planets U in truth the history of the 
effucts of light and heat manifoated in them or emanating from 
them. Nothing in the universe esoapes their influence; no part 
of space is too distaut to be penetrated by their energy; no kind 
of matter is able to resist their transforming agency. Many if 
not all the special forces which act in the pailicles of matter are 
found to be reducible into the general form of heat; as this is con- 
vertible and practically is converted iuto proportionate measures 
of special energy. Under this comprehensive idea of converti- 
bility of force, mmiliar to an now by the rcsc.\rehes uf Joule,^ the 
reasonings of Grove [[ and HclmhoUz, and the thenrema of 
Hookine, IT it has been attempted by M.-iver, Walerston, and 

pelb, Tb« epuw wu 9d,U4 tout, ED^iuti. l'«i« UiLi diitaace vai to a wraad la 

-l—uf aeecoodslSt.tSS inofr. BkUee la a teooad. Fran o h a w till w of jQHbM'e 

ISOOO 

MUUUtM Delambn IsflnTed iST.ns mtlea, tttnn l«,inHL Um aiperliasat eC 

M. Koooaalt «Ivim SH.WO.OtW iMtm«160,MU (eaft. mIIm. 

■ IMIniaUe of Xhv wu'e dlMaiwo froD Um tan bare rarkd raacb. C^jrinl aad. 
riktiuUMl, ualfif obeertaUiue oS Ibc narallaf of Mere, aecribe l« Ic t«a or dtrea 
Ibooeaad iIUS)U4ise of the oanb^TttiireB mLiUaneof niloe. Banese atUmalad U at 
twolro UMUundHSill niUlibttJof mlln. In l'4i, ttulToD raporWd jl U tlw flommoa 
opinion nf aktraumera ai 3i} miUioofOif ^ui.i]<M :Fr.)=90 mlUiooa nf lallea tKa^}, 
but altar th« iraiwJt of Veuea m 17(19, be elljiTBd U oiilUofie. Socb wia Um eOMi 
at Uut DOW iniinavd emsMoiu oiperlmeat oa iht upioioiuaf aettoaouMiri. tXpoqMe 
de U I?anre.) 

t IToc of Itc7. Sac 1801. The Buntfotd Umlal m* adjudged lo Dr. TyadaD la 
IHi. 

; Th» pcDpocttoo it about ^ iy»wdlo( to tlio rsotiTed lassiwai o( the meaa 

dlsUacs. 

I no. Mac IStt : Kepoct^of tba BrUlA AMPdatton, ISU ; Ttaaa. of tfaa Soya) 
Society. UIO. 

1 Grvrn ua Ibe OorreUtloo rrfPhyaical ForcH. IRM. 

4 Hanktoa, Tram, of tbo Koys) sodMy of BOiabunb, ISM-I; FUL Traoa ISM. 
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ThoDwoD* to ajwign a cause for the maintenaoce of the heat- 
giving power of the Riin In the nppnlae ofshowera of Aeix>lita8ftDd 
eraall maaaea of mnttor, and ttie extinction of their moliou on the 
lurface of the luminary. By calcuUtiona of the same order, de- 
peuJing on the rate of radiation of heat into apaoc, the past 
antiquity of iho earth and the future daration of aunahine have 
heen expressed in thouaanda or millions of centuries, t In like 
Tnanncr the physical change* on tlio niiu'H disc, hy which portiuna 
of his darkly-heate^l body become visible tlirouyh the luminous 
photoaphere, have beeu couuecU?d, if not dintinctly as a caiise, 
certainly aa a cuiucident phemnnenon, with parlicular mH>;ii»!lic 
diBturhances on the am-face of the earth; the Holar a|X)U and the 
magnetic deflections concarring in periods of maxima and nuuioia 
of teo or eleven years' duration. Thm even these aberrant phe- 
nKmenabeoomopartofthatamaringsyatcm of periodical variation 
which Sabine and hia fellow-labourers, Briiish, French, CJennan, 
Russian, and American, have eslabliahed by conieoiponiueous 
obaervation over a large part of the globe.J 

With ever^v change in the aspect and position of the sun, with 
every alteration in the place and attitude of the moon, with every 
paaaing hoar, the magnetism of the earth subcuitA to regular and 
calcalable deviaiion. Through the anbatance of tlio ground, and 
acroaa the world of waters, Nature, ever the bcneticent guide to 
•cience. has conveyed her mesitages and executed her purposes by 
the electric current^ before the diaoovery of Oersted and the 
inagical inventions of Wheatstone revealed the secret of her 
work. 

Even radiant light, in the language of the new philosophy is 
conceived of by Maxwell,§ as a form of electro-nia;fnetic motion. 
And thus the impouderable, all-pervading powers, by which 
moleoular enorgj- is excited and exchanged, are gatheretl into the 
one idea of reatlees activity among the particles of matter:— 

. , . ntemo ppTcits notu : 

ever-moving and being moved, elementa of a system of perpetual 
change in every part, and conatint preaervatiou of the whole. 

What message comes to us with the light which aprings from 
the diatant atari, and aljoota through the depths of apace, to fall 
upon the earth after tens, or hundreds, or thousands of years? 
It is a message from the very birthplace of light, and tells us 
what are the elementary aubatnncca which have influcncrd ihe 
refraction of the ray. Spectral analysis, that new and powerful 
inatrumcnt of ehsniical research, for which we are indebted to 
Kirohhoff, haa been taught by our coontrjTnen to scj'ulinize not 
ouly planets and atar^, but even to reveal the conalilotion of the 
nebula!, those myaterioua maases out of which it haa been thought 
new suns and plaueta might be evolved — nursing- mothers of the 
stars. For a time indue*!, the resolution of some nebulie by the 
giant mirror of Lord Bosse atforded ground for opposing the 
speculation of Hersohel and the roasoning of Laplace, which 
rwjuired for their very starting-point the odmiftaion of the 
existence of thin gaseous expansions, with or withont points or 
centres of incipient condemiatiou, with or without marks of 
internal movement The latest residta, howcTor, of spectral 
analysis of st^ra and nebuW, bv Mr. Huggins and Professor W. 
A. Miller, have fairly restored the balance. The nebula are 
indeed found to have in some instances aiellar points, but they 
are not stars; the whole resembles an enormous massof luminous 
gas, with an interrupted a|>ectrum of three lines, probably agree- 
ing with nitrogen, hydrogen,and a substaoce at present unknown. || 
SUra tested by the same accurate hands are found to have a con- 
stitution like that of our own sun, and like it, to show the 
presence of several terrestrial elements — as sodium, magnesiam, 
iron, and very often hydrogen. While in the Moon and Venus 
no lines whatever are found due to an atmoaphere, in Juj)itcr 
and Saturn, besides the lines which are identical with some 
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prodnosd in our own atmosphere, there is one in the red, which 
may be caused by the presence of some nnknowu gas or vapoor^ 
Mara is still more peculiar, and enough is ascertAined to discoan-' 
tenanco the notion of his redness being due to a peculiarity uf 
the soil.* 

To aid researches into the condition of celestial bodie^ the ni 
powers of light, discovered by Nicf^ico, Daguerre, and Talb&V 
have been employed by Bond, Dra)>er, De la Hue, aud other 
astronomers. To our countryman, in particular, belongs tha 
honour uf succeaaful experiments ou the ro«e-colour«d flam 
which extend froia certjun points of the sun's bonier during 
eclipse; as well as of valuable ooutributions through the as 
ageucy to that enlarged survey of the physical aspect of thw 
rauoo, which ainue lb^2 the Associatiou has striven to proro'^tr. 
B^ aootlier application of tha same beautiful art, in connection 
with clock-work, the tuomenLary ctiangea of mognKic force and 
direction, the variations of temporaiure, the flnduatious 
atmospheric pressure, the foi-ce of the wind, the fall of rain, th« 
proportion of ozone in the air, are regiatorctl iu our observatories}' 
aud thus the inventions of lionalds aud hia sucoessora ha' 
engaged the solar raya in meaanring aud comparing contempora- 
neous phenomena of the same oraer uver large parts of th« 
globe— pheuomeua some of which are occaaioued by thoae very 
rays. 

Aa we ascend above the earth, heat, moisture, and magnetio>j 
force decrease, the velocity of wind augments, and the proportji 
of oxygen and nitrogen remains the same. The decrease ot h< 
as we rise into the air is nu new subject of inquiry, nor have tbi 
views respecting it been very limited or very aooordant 
coiisiderea it mathcmaiically in relation to pressure; Ham 
gavti the result of a large inquiry at points on the earth's surfaw 
unequally cluvated above the sea; and liiially, Mr. Glaisher and 
Mr. Coxwell, during many balloon ascents to the zones of life- 
deatroyiug cold, far above our mountain tops, havu obtained 
innumerable data, iu all seasous of the year, through a vast 
nuige of vertical height The result ia to show much more rapid 
decrease near the earth, much slower decrease at great elevations; 
thus agreeing in general with the view of Leslie, and yet throW' 
iug CO discredit on the determinations of Humboldt, which d» 
not refer to the fi-ee atmusph<*ric ocean, but to the mere border* 
of it where it touches the earth, and is inQuenced thereby, t 

The proportion of caTbonic acid gas in the atmosphere at great-J 
heights is not yet ascertained: it is not likely to be the same o^ 
that generally found near the earth; but its proportiou may b« 
more constant, Hiuce in those n>ijiona it is exempt from the 
influence of the actions and rc-aciions which are always iu ftro- 
gress ou the laud and in the water, and do not neoeesorily oont- 
jjctisatc one another at every place and at every moment. 

Other information bearing on tiie oiiistitution of the atmo- 
sphere comes to ns from the aorora) beams and other meteoric 
lights kuowQ 08 shooting stars. For some of these objects nr~ 
ouly appear at heights of 10, SO, and 100 or more miles abo^ 
the earth, but at the height of .V) mi lea it is ou record that shooi 
ing stars or tire-bolls have left waving trains of light, whoc 
changes of form were in aeeming accordance to varying pressor* 
in the elevated and attenuated atmosphere.X 

Hcsearches of every kind have so enriched meteorology ainott 
our early friend, Frufeasor J. Furbi-s, pnuted his suggeaCiTe 
reports on that subject; and so great have been the beneSta coo- 
furred ou it by the electric teTegrnph, that at this moment, in 
M. Leverrier'a observatory at Paris, anil the ofhce so lately pi^ 
aided over by Admiral Fitzroy in Loudon, the messages are 
arriving from all parts of Europe to declare the present weather, 
and furnieh grounds for reasonable expectation of th« ^ 
probable change. Hardly now within the seas of Europe canT 
cyclone be^iu its career of devastation, before the warning 
signal ia raiaed iu our sea-ports to restrain the too confident 
sailor. The gentle spirit which employed this knowledge in the 
cause of liumauity has paaaed away, leaving an example of 
uuHcifiHh devotion in a work which must not fail through any 
lack of energy on the port of this ^VMociation, the Boyal Society, 
or the Govcrcmeut. Wo must extend the«o researches and 
enlarge these beue&ta, by the aid of the telegraph bringing the 
enda of the world together. So4m may that thread of oommoni- 
cation unite the two gi«at sections of the Anglo-Saxon race, and 
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'^ring aad return through the broad Atlnnlio tb« happy and 
niatual con^ratalations for pear^a reslored and frieofUhips 
renewed ! 

The possible combiaattona nf forco, by which in the view we 
have been oonsiderinf^ the ohamcteristic forms and special phe- 
nomena of (tolitl, linuUI, and gnaeoaa matter are determiaed, may 
be inniimerabla. Practically, however, they ap^Mjar to be Ituiited, 
&a Qaturol products, to less than one tliousnud diHinguiahable 
corupouoda, and leu tbnn one htuulrcd* eleroeutary substaDces. 
Of these elenwuta the moet prevalent are few ou the earth: u of 
gaMa, oxygeo, hydrogen^ nitrog«ti; of solida, silicon, catcium, 
mAgnMium, aodium, iron, and it is int«reHting to learn by 
aiulyaii of the light of stars and planet!), that these siibatattces, 
or some of them, are found in moat of the oeleatial objects yet 
examined, and that, except in one or two instanoes, no other 
eubataucea have been traced therein. Even the wanderinff 
metoorie stones, which fall from their councs, and arc examined 
OD the earth, betray only well-known mineral elementft, though 
ID the manner in which thew are oombinetl nome di^erenoes 
appenr, which by chemical research and the aid of tmuaparent 
eectinuB Profeaaor Maakelyne and Mr. Sorby are engaged in 
etadying aod interpret! ng.f 

By the labours of Lavoisier and his contemporaries chemistry 
Aoquiroil a fixed logic and an accurate nomenclature. Dalturi 
and the great physicists of the early part of this centnry gave 
that Uw of definite combioatioa by proportionate weights of tlie 
elements which is fur chemistry what the law of gravitntioQ is 
for celestial mechanics. A great expansion of the meaning of 
the atouiio theory took place when M.it»cherlich auuoanced his 
Ticwa of iaomorphous, jaomeric, and dimorphous bodies. For 
thus it came gradually to appear that particabir forces resided 
in crystals in virtue of their structure, lay in certain directions, 
imd exhibited definite physical effects, if the chemical elements, 
without being the same, were coutUueil in aimiUtr pnipurtionc, 
and aggregated into similar crystala. Some years later ozone 
wu diitcoYen^d by Schonbein, and it concurred with a few other 
alloCropic sub8tanc(>s in reviving, among philosophic chemists, 
the inqniiT as to the relative sitaAtion of the particles in a com- 
pound body, and the effects of sach arrangements: an idea which 
had been expressed by Daltoa in diagrams of atoms, and af^er- 
irarda exercised the ingenuity of Esley, Mac Vicar, aud otlierB.^ 

Everything connect**! with this view of the modification of 
physical properties by the nrraugementof the particles — whetlier 
elcraentiry or compound — is of the highest importance to 
mineralogy, a branch of study by no means so much in £&vour 
even with chemists as its own merits and its collateral bearings 
might justly deserve. Yet it is in a great measure by help of 
this branch of study that the opinions now current regarding 
metaiuorphism of rocks in tUu, and the formation of miDonu 
veins, must acquire that solid support aud general consent which 
At present they do not poiweRd. Crystals, indeed, whether 
reguded as to their origin in nature, their fabrication by art, or 
their action on the rayi of light, the waves of beat and sound, 
and the distribution of electricity, have not been neglected by the 
Association or its members. In one of the earliest reports, 
Dr. Whewell calls attention to the state of crystallographical 
theory, and to Che artificial production of crystals; and in another 
report Professor Johnston notices epigene and peeadomorphous 
crystalliaation; anl for many years, at almost every meeting, new 
Bnd brilliant discoveries in tlie action of crystals on light were 
raade known by Brewater,§ and oompored with the undulatory 
theonr by Herechel. MacCullagh, Airy, Hamilton, Whewell, 
Powell, Ghallis, Lloyd, and Stokee, 

The unequal expaniiiun of or}-staIs by heat, in dilTerent direc- 
tions, first observed by Mitschcrlich, haii been carefully examined 
in the eases of solphate and carbonate of lime by Professor 

* Ittfct p r iMD a l noiDMit the namtMr of «ivtmtMrj nhaUoou b itit^-ano. 
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iaIM*d M ovpljuiet, w on Um bood, bal ratber to be lovlu)d for oalr lit the 
nnlUte aelcbbovbood of the nu. I>nfliMar lUUU«ar bM tim ouda a apodAl 
47 at Kieuarlta. 

t I>albu. cbetnbtiT, ro). t. IMA. A cImu* ttev of tb« slm^ sfiplloulau of 
^■"^'•Idaas U dfon br tho llhutrMw antbor la OanbonT'i TnaUae aa Um AI«unJc 
", ItM. liliinr. »Kt. ud Exp. ?bllOK>[ihT, tSS. lUcVicar, JbtwmU oT tbs 
I AaaocUtiM i'.T IMS. 
"SlrDitTid BrmtorauKtbe coi»J4«T«da«iaad«giwtlM creatorof UwKleiie* 
«bl«h itudiei tha nataal dsMotUDoe of opUeal prepartiM aad OTitaUlu farmA." 
(WUweii, ui bpcrt 00 KUintaKr. Silt. AiswIaUao, Utl^ p. SH.) 



W. H. Miller, who had also considered their elasticity, origi- 
nally mcvmred in dilFerent relations to the axis by Savart. 
These and many other int«re8ting relations of crystals have been 
attended to, but the Association has not yet sucoeeded iu obtain- 
ing a complete digest of the facts aud theories connected with the 
appearance ol crystals in nature — in the fissures of rocks; in thfl 
smnHfr cavities of rocks; iu the solid aubtitance or liquid oontetit« 
of other crvstals. Such an inquiry, however, it did earnestly de- 
mand, anci some steps have been taken by our own chemists, 
mineralogists, aud gtwlogistfl. But more abDodnnt information 
on thia claaa of subjects is still needed, even after the admlrnhle 
contributions and recent discoveries of Biechof, Pelesse, and 
JDauhree. 

Within our Association period both the nomenclature of che- 
mistry and the oiiia'[itiou of the atomic theory have received, not 
indeed a change, hut such an addition to its ordinary expression, 
as the more general hiugna^e and larger meaning of algebra have 
coufeiTed on cnnimdii ai'itniiieiical values. The thoorv of com- 
pound raiiicula, as these views of liebig, Dumns, and Hoffman 
may be justly termed, embraces the conaidrratinn of groups of 
elements united in poire by the ordinary law. these gmupit being 
for the purpose in hand treated as single elements of combination. 
The nomenclature w^ich attempts in ordiuary words to express 
these relations grows vny unmanageable even in languages mor« 
easily capable of polysyllabic combinations than ours; but symbols 
of oompoeition — the true language of chemistry — are no more 
eroharraased in the expression of these new ideas than are the 
mathematical symbols which deal with operations of much greater 
complexity on quantities more various and more variable. Tho 
study of theae compound radicals comes in aid of experimental 
reoearcb into those numerous and complex substances which 
appear as the result of chemioU transformations iu organic 
bodies. Thus in some instances the very tiubaluuccshave oeeii 
recompoaed by art which ttie vital processes are every moment 
producing in nature; in others the steps of the process are cleartr 
traced; ia all tho changes become better iindHrstood througn 
which so great a variety of substances and structures arc yieldeil 
by one circulating fluid; and the result is almost a new branch of 
animal and vegetable physiolorv, not less important for the 
health of mankind than essential to the progress of scientiGc 
agriculture, 

Tlie greater our progress in the study of the eoODomy of nature, 
the more she unveils herself as one vast whole, one comprehensive 
plan, ono universal rule, in a yet unexhausted aeries of individual 
pecuIioriLiea. Such is tho aspect of this moving, working, living 
system of force and law: such it has ever been, if we rightly 
interpret the history of our own portion cf this rich inberitauce 
of mind, the history of that Ejirth from which we spiiog, with 
which so many of our thoughts are co-ordiuated,and to which all 
but our thoughts and hopes will again return. 

How should wo prize this history! and exult in the thought 
that in our own days, within our own memories, the very founda- 
tions of the aeriee of strata, deposited in the beginning of time, 
have boon explored by our living friends, our Murchison and 
Sedgwick, while tho higher and more complicated parts of tho 
structure have been minutely examined by our Lyell, Forbes, 
and Prestwich!* How instructive the history of that long 
series of inhabitants which received in primeval times the gift 
of life, and 61Ied the land, sea, and air with rejoicing myriadn, 
through innumerable revolutions of the planet, before m the ful- 
ness of time it pleased the Qiver of all good to place man upon 
the earth, and bid him look up to heaven. 

Wave succeeding wave, the forms of ancient life sweep acrow 
the eveiHihangina surface of the earth: revealing to us the height 
of the land, the depth of the sea, tlie quality of the air, the course 
of the rivers, the extent of the forest, the system of life and 
death — ^yes, tho growth, decay, and death of iudividoals, tho be- 
gioning and eudiug of races, of many successive races of plants 
and animals, in seas now dried, on sand-banks now raised into 
mountains, on continenta now sunk beneath the waters. 

Had that series a beginning} Was thoeartb ever uninhabited 
after it becitme a globe turning on its axis and revolving rouDd 
the sun \ Was th^re ever a [leriod since land and sea were sepa- 
rated — a period which we can trace-— when the land was not 
shaded by plants, the ocean not olive with animals? The answer, 
as it comes to us from the latest observation, dedaret that iu the 

* Tbs tarMUnUaaa «f UnrebiKn bo4 Swlfvkk Id tiMOuabriiu and ftUarlita 
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lo«'mt ilepoaiU of the zaoet oncieDt bmu io the stratified crust of 
ttio globf, the luonuiiieDts of life reraain. They extend to th* 
tfuriieat sediruonld of water, iinw Jo part ao ntuiuged aa to appear 
tikv the products of fire. What Ufu? Oulv the aimpler and less 
eitccially orfpai\zt*i fabrics have ns yet regarded re»t;Arch utuoug 
these old Lauretiiiau rooks — only the aggre^tod structures of 
Foruuiuifera h&re beeu fouud iu what, for the present at least, 
luust be accepted us the first deposiu of tiie otdeai sea. The 
iiiost aQoieiit of all ktiowa fossils, the Eozoon Caundense of Sir 
W. I<ogau, is of this low^ we may oven say lowest, tyi>e of aDlmal 
orsuiizatiou. 

Theu step by step we are guided throuf;U the old Cambrian and 
SUuriau syRteiud, neb iuTrilobitcsaiid Urachiopoda, the delights 
of Salter and Davidson; with Agiissiz und Miller and Kj^ortou 
Wti i-ead thti luBtory of the Btran},'ii old litibeii of thu l>evuulau 
rocks; Brouj;uiart aud Gop|>crt, aiid UnWHuii, aad Biouoy, aud 
Hooker, tioveil the mystery of the mighty foreau uow converted 
to doaI; Maiiiell aud Owen aud Huxley restore forutt the ginut 
reptiles of the Lias, the Oolite, and the Wealdea; Edwai-dsiuid 
V ri^ht almost revivo the beauteous corals and ecbinodermala; 
which with hII the pi-eceding triifos have come and gone before 
the dawn of ihv latur periods, whru fntgmeuts of roatumotha and 
hippo(>otaiiii were buried in cavee aud rivi>r sediments, to reward 
the researches of Cuvi«r aud Bucklaud, Prestwicli and Christy, 
Lort^t and I''ulcouor. 

Aud what is the latest term in this long series of saooessive 
exiatencef Surely the uonumeuts of ever-advancing art — the 
temples whone orr^u is iu cavtsrua of the rocks; the cities which 
liavt: lukeu the phtoe of boles in the ground, or hca)« of stones 
aud timber iu u lake; the shipa whichliave outgruwu tlie cuio«t 
as thai WHS uiodelled from the floating trunk of a tree, are suffi- 
cient pi-uof uf thu late arrival tif man upou the earth, after it had 
uudergone ni:iiiy diaugeaand had bocome adapted to his physical, 
itlellecttinl, and mornlnAtare. 

Compiired with the periods which elapsed in the acoomplish' 
luent of these changes, how short is the date of those yet standing 
uiouuliths, cruuilechs, and circles of unhewn etoue, wliicb are the 
oldest of human Btructures raised iu Weat«^ru Kurope, or of those 
uiui-o regalar fabrics which attest the early importance of the 
mouaixhs and people of Egypt, AsayHa, and some parts of 
Ameiica! Vet, triud by mouuiuenta of natural evenla which 
liap)j«ucd ffilbiu thu ago of man, the human finmily i» old enough 
iu Western Kui-ope to have been sheltered by caverns in the 
rocks, while herds of i-eindeer roamed in Southern France,* and 
bean and hyKUa* were deoi?.i>ns of the South of Koglnnd.t Mora 
than thin, ruuiaius uf the rudest human art ever seeu are certainly 
fouud boned with oaJ are thought to belong to races who lived 
contemporuneouslv with the luamiuoth and rhinoceros, aud ex* 
iwriencod the cold of a Galli.' ur British winter, from which the 
Woolly covering of the wild animals was a tittiug protection. 

Our own anuaU t>ei;iu with the Kelts, if indeed we are entitled 
to call by that historic name the really separate natious, 
Belgian, Iberian, au<l Tentooic, whom the Bomau writers 
recojiuiBe as ttettlers in Britain;! settlers among a really oarlier 
family, oitr rudest and oUlest forefathers, who may have been, 
:cs thuy thought themselves to be, the primitive people of 
the liiud.§ Buc beyond the KiXru who occupied the sources of 
the Diiuube and the elopes of the Pyrenees, and were knuwn to 
Knme iu earlier days, there was present to the mind uf the father 
of Grecian history u atitl more woaterii nice, the Oynetaj, who 
may iwrhnpa bo supposed tlie very earliest people of the extremo 
west of the continent of Eui-ope. Were those the people, the 
hrtii poor pilgrims from the Enat, whoae fouiatops vb are slowly 
tracing in thu valleys of Picnrdyand theSnuih of England, if not 
ou the holders of the takes of Switzerlaud/ Are their kindred 
stilt to be found among the Bhietic Alps and the Asturian cliffs, 
if not amid the wilds of Connifmara, pressed into those moun- 
tsiiious recesses by the legions of Hume, the spear of the Viaigoth, 
and the sword of the Saxon 7 Or must we regard them aa races 
of an earlier type, who had ceased to chip flints before the arrival 
of Saxon, or Goth, or Kelt, or Cynetiaui These questions of 
romnnlic interest in the study of the distributiou and hingungoa 
of the families of mun are part of a large circle nf inquiry which 

• 8c« tlw Momotraal M. Lutet tn tb» C*m of Uw tXinl^nvM. ]B«3 4. 
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finds sympathy in several of our ssotiona, eapftcially tlioee devoted 
to xoology, physiulogy, and ethnology. Liet us not ezpeet or 
desire for thema very quick, or at present a very deBnits settle- 
ment. Deep shadi^ws have gathered over all the earlier ages of 
mankind, which perhaps still longer periods of time may uot 
avail to remove. Yet let us not andenrolue the progress of 
ethnological inquiry, nor (ail to mark how, within the period to 
which our recollections cling, the revelations of early Egypt have 
been followed by a ohronolc^y of the ancieni kingdoms on the 
Tigris aud Euphrates, through the name rigorous study of 
lauguage. Thus lias our Bawlinson added another fiagfl to the 
brilliant discoveries of Young and ChampolUon, Lapslus and 
Bosellini. 

Nor, though obtained in a diflerent way, mast we forget tho 
new knowledge of a people nearvr home which the phitosopbttt 
mind of Keller has opened to ns among his native mouutaios. 
There, on the bordeni of the Alpine lakes, before the great 
Boman general crossed the Rhone, lived a people older than the 
Helvetians, whoee rude lives, passed in boutiug and fishing, were 
uflVcrthelesR marked by some of the many inventions which 
every whore, even in the most unbvourable situations, accom|>any 
the least civilised of mankind. Implements of stone and potU'ry 
of the rudest sort belong to the earliest of these people; while 
ornamented iron weapons of war, and innumerable other fabrics 
in that metal, appear about the later habitatioua, and correspond 

Eroliably to the ticriod of the truo Helvetii, who quitted their 
omo aud contenaed with Cseear for richer settlements in GauL 
The people of whom these are the traces on almost every lake in 
Switzerland are recognised as well in the ancient lake-basina of 
IjO!id.aidy and among Tyrolean Alps, and farther on the borih 
side of tlie monntnins; and probably fresh discoveries may con- 
nect them with the country of the Sarmatiaus and the Scythiaoa. 
Thus at length is fairly opened, for archeology and palnK>nto- 
logy to rend, a new chapter of the worid's histonr, which begioa 
iu the pleistocene periods of geology, and reaches to the pre- 
historic ages cf wan. Did our ancestors really contend, as lb* 
poets fancied, with atones and clubs against tlio lion and tiia 
rhinoceros, and thus expel them from their native haunts; or 
have they been removed by ohnngo of climate or local physical 
conditions ? Wan the existence of the hyiena and the elephant 
only possible in Western Europe while a climate prevailed there 
such OB now K'longs to Africa or India? and was this period of 
high temperature reduced in a later time for the elk, reindeer, 
and muHK ox, which undoubtedly roamed over the hills ox 
England and Fmncc 1 If we think so, what a vista of long dura- 
tion stretches before us, for no such changes of climate eon be 
supposed to hsTe occurred except as the eflfect of groat physical 
changes, requiring a lapse of many thousands of years. And 
though we may think such changes of climate uot proved, and 
probably careful weighing of evidence may justify our disbelief 
still, if the valli>ys io Picardy have been excavated since the 
deposit of tlie gravel of St. Acheul, and the whole face of the 
country has been altered about the cavcras of Torquay since thay 
received remains of animals and tntces of man — how can we 
admit these facts and yet refuse the timo required for their 
accomplishment ! First, let w Im; sure of the kcta, and especially 
of that main fact upon which all the argument involving immeo- 
sity of time really turns, viz. the contemporaneooa existence of 
man with the mammoth of the plainn an<l the bear of the caverns* 
The remains of men are certainly buried with those of extinct 
qiinilru[ieil(i; hut did they live in the same days, or do we see 
relics of different periods gathered into one locality by natursi 
procoaaes of a later date, or confused by ilie operations of men? 

Before replying finally to theso questions, furthur rcaoarches of 
an exact kind are desirable, and the A«*>ciation has given it< 
aid towards them, both in respect to the old cavern of Kent's 
Hole, and the newly oih-h^^I lis»urc of Gibraltar, from which we 
expect great results, though the best of our labourers haa ceased 
from his honourable toil.* When these aud many other reeeerchea 
are completed, (uhuh future Lyell, if not our own great geologist^ 
may adirKonie fresh chapters to the 'Antiquity of Man. 

In judging of this antiquity, in counting the centuriea which 
may have oiapeed since smoothed flints hlted with handles of 
wood were used ns chisels and axes by the earliest iieople of 
Scandinavia or Helvetia, and flakes of flint were employed to 
cleanse the skins of the reindeer in the cavea of the Dordognt^ 

* Tkc bt« Ur. Huiili rnlnncr, whMe luiowledg* of tbe tauU aiiliMla«f cSfM ns 
tvDiulutblr tsut, touk a jimt iib«ro ta tLon <iiantii u Uua>. 
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•trODger tooli broke np tlie ice in the vfiHey of the Sotddio, 
we muKt be cnrefnl nol to mice whnt i« the raark of low civilizn- 
tioD for tlie inHicaUcii of very reiunte time. In everj cniintry, 
ftnioug every mix of men, such riiJu wea[)ua8 aud toots are uit:*] 
now, or were uned formerly. Ou the haukd of the Ohio, no less 
thrw on the Caglieh hills, moucda of earth, rude pottery, and 
stone weapons occar in abundance, and indicate similar wante, 
oontnvnnces customs, Idetxa, in diffrrent races of men living in 
different periods. Kveo when in the snmc country, as in Swit- 
aerland, or England, or Denmark, succeA-sive deposits of inMtru- 
ments of Btone, bronze, or iron; succeiutive burials of pines, 
beeebes, atid oaks; successively exliugui8he<l moes of elepbnntA, 
«ik8, Aod reindeer, give as a real tcale of elapied time, it is one 
of which the divisions are not yet valued in years or contoriea of 
jean. 

Toward a ri|i;ht judgment of the length of this iicalo of human 
occnpatioo, two other lines of evidence may be thought worthy 
of Dotice: one founded ou ihe anatomical study of the remains 
of early meo, the other ou the laws of hiDgua^^. If the varieties 
af pliyeical tttraeture in man, and the deviatiODa of Jauguage 
from an original tyjie, be iinluni] efTecta of time and circum- 
atmce, the length of time mny bo in Ronie degree estimated bv 
the amount of the diversities which arc ob-«i ved t*> have happeued, 
oomparetl with (he variation which is now known to be Imppening. 
This proceits beoomoji imaginary, unlexa we assume all mankind 
to have bail one local centre, and one original language. Its 
resnlbs must be erroneoiin, unless we take fully into account the 
anperior flxity of languages which arc nprc^entod in writing, 
and the greater tendency to diversity of every kind which must 
have prevailed in early times when grngrnphical im|iediments 
were 'aggravated by.disHOcinI hubiu of life. It appears however 
certain that some differences of litngui^, organ tzatiun, and 
babits have aeparated men of apparently unlike ravea durlug 
periods longer than those whic>li rest on historical facts.* 

Ever since the days of A rintolle, the aoalogy existing among all 
parts of the animal kingdom, and in a general sense we may raj 
■mougall the forms of lift-, has become more and m»re the subject 
of special study. livlate<] ns all living beings are to the element in 
which they move and breathe, to the mecbauical energies of 
nature which they employ or resiflt, and to the molecular forces 
wbioh penetrate and tninsforni thum, some general conformity of 
■tracture, some frequently recurring resemblance of functioi^ 
naat be present, and cunnot be overlooked. In the several 
danea this annlogy grnws stronger, and in the BuhdiviaiouB of 
these olaaaes real fatnily affinity is recnguised. In the smallest 
dtvisioDB which have this family relation io the highest degree 
there seems to be a line which circumscnbes each group, within 
which variations occur, from food, exercise, climate, and trans- 
mitted pdculiarities. 0(Uiu one specific group approaches another, 
oraeveral others, and n question arises whether, though now dis- 
tinct, or rather liistincnishable, they always have been so from 
their beginning, or will be always so until their disappearance. 

Whether what we call species are so many original creations 

derivations from a few t\i)e8 or one type, io discuiacd at I«Dgth 
in the elegant treatise of Darwin, himself a naturalist of eminent 
rank. It had been often discussed before. Nor w^ill anyone 
think lightly of such inquiries, who remembers the essay of 
Llouttua, *De Telluris orbis iocretueulo,' nr the invesli^tioos 
of Brown, Pnulmnl, Forbes, Agnaaiz, and Elonker regarding the 
local origin of different species, genera, and families of plants and 
anitnals, both on the laud and in the sea. Still less will he be 
disposed to undervnlne itn importance, when he reBects on the 
many successive raotss of living forms more or leas resembling 
our existing quadiupeda, reptiles, lisbes, and mollnsca, which 
appear tu have occapied definite and difiereut (larts of the depths 
of aucient time; «-■» now the tiger and the jagnar, the cayman 
and the gavisl, live on different parts of the terrestrial surface. 
Is the living elephant of Ceylon the lineal descendant of that 
mammoth wbich roamed over Siberia aud Europe and North 
America, or one of those sub-Htmalayuu tribes which Dr. Fal- 
coner has made known, or wan it a K)tecies dwelling unly in cir- 
cumpolar regions? C-nn our domestic cattle, horses and dogs, 
oar beasts of chase and our beasts of prey, be traced back to 
their source in older types, contemporaries of the urns, megaoeros, 
and hycena on the plains of Europe? If so, what range oi varia- 
tion in stnictare does it iudicate? If not so, by what characters 
are the living races separated from those of earlier date? 



Specific questions of this kind must be answered, before tha 
general proposition, that the f>vrmsof lifeare indefinitely vari-tble 
with time aud circumstnnoe, can be even examined by the light 
of adequate pvidence. That auch evidence will be gsthered and 
rightly iiiU'rprctf<!, I for one neither doubt nor fear; nor will 
any be too hasty in adopting exti-emo opinions, or too feirful i:f 
the final result, who remember how often that which in true has 
been found very different from that wbich wa-* plausible, and how 
often out of the uuLtten of danger we have pluckc^l the flowers 
of safety. At the present moment the three propositious wbich 
were ever present to the mind of l-xlward Forbes may be sucossb- 
fully maintained, as agreciug with many observed phenomena; 
and around them as a basis of olassification may be gathered 
moiit of the facts and roost of the speoalationa which relate to the 
history of life.* First, it may be admitted that plants and 
animals form many natural groups, the members of wliich have 
several oommou characters, and are parted from other groups by 
n real boundary line, or rather unoccupiwl simce. Next, that 
each nf theM^ groupH hau a limitm) distribution io space, often 
restrained by high mountains or deep seas, or parallels of tem- 
perature, within which it has been brongbt intn being. Thirdly, 
that each gmup hna hpen submitted to, or is now undergoing, the 
pressure of a general law, by which its dumtion is limited iu 
geological time; the name group uevur reappearing after being 
removed from the series. 

How importjint, iu the view of this and many other questions, 
is that never-tiring spirit of geographical and maritime discf>veiy 
to which, through four hundretl years, Vjuniiw has sent her 
nnblesi sous and her ninst famous ex|M?diti.inj;; sent tliera, ala^! 
too uflen to an early grave. Alas! for Franklin, who c.trried the 
magnetic flagiuto the ley Sea from which he had alrtfjidy bnju»,'lit 
tn-phies to science! Alas! for Speke, who cime h^mo with 
honour from the head-waters of the Nile! Forgutteu they can 
never l»e; whenever, on occasiona l.ke this, we ntoorn tbp absence 
of our bravest and our best; praise, never ending pr.iise be Ibelra, 
while men retain the generous impulse which iimnijils them to 
enterprises worthy of their country and benelicial u^ mankind I 

' A*i ir^Hf «\*af ttfarrai (tar* ataf. 

If it be asked. What share in the discoveries and inventions of 
the last thirty-lhreo years ia clairoe.-l for the Kritish Associrttion t 
let us answer fcarlesnly — We bad a part in all. In sorae of them 
we took the foremost place by the frequency of our discnssiouM, 
ibe urgency of our recommendatioDH, the employment of fur 
influence, and the grant of our funds. For others we gave all 
our strength, to support the Boyal Society and other institu- 
tions in their efforts to accomplish purposes which we approve. 
Id all insUuices our elastic sptem nffpooda quickly to pnMwun>, 
and returns the friendly impulse. If we look hack on iho wurk 
of previous years, it is easy to mark the sftecial action of the 
Association iu fields which hardly could be eotered by any other 
adventurers. 

Many of the most valuable labours of which we are now 
reaping the fniile, were undertaken in consequence of the reports 
ou special branches of science which ap^iear in the earlv volumes 
of our TransaclioDs — reports in which particular ilata were 
requested for confirming or correcting known generaliaations, <>r 
for establishing new ones. Thus, a passage iu Frofcawor Aiiy's 
report ou Physical Astronomyt first turned the attt-ution of 
Adams to the malhematiual vision of Neptune; Lubbock's Rep'^rl 
on Tides came befors the experimental researches antl redu'*- 
tions which, since 1834, have so oUen engaged the attention «f 
Whewell and Airy aod Haughton, with results so valuable and 
so Buggentive of further undertakings. Among these results ni*y 
be placed additional kuowlodgu of the probable depth of the 
chauneU of the sea. For before the desire of lelegrapliio O'tu- 
rounication with America bad caused the bed of the NoriK 
Atlantic to be explored by soundings to a depth seldom eieeednig 
three mile.s, (here was reason to conclude from the investigatinns 
of Whewell ou Cotidal Lines that a depth of niue miles wn^ 
tained in the South Atlantic, and from the separate compni.-v. 
of Airy and Haughtou that a somewhat greater depth occurivi 



* fifle Um rain«rksbl« ftMy af £, ForbM oq th* dtalrtbuUM of ibt uUtutu 
Favu &nd Flon of Um HrltUh Ltle*, 1q Ucnuin o( Uool. Saircj f4 UriUln. •v^ i , 
p. 8U. 

I Sepoftt of thB nritUi AaocUtion Ear 1S11, p. 1M. LipUcc hul n^U,^] 
obaorrM ttal " the plmtct tTranos luul hi* wieDitw. Utclf ducotrrril, jin n- ^.t. 
to input tlie 9tinmea <tf wain ploiiou kA jM ohMnnI ;" UMn>bj pnniuri, ^ . -.{. 
till Mareli for q«* dJsnvBrin iu uar ova >7«t«iD. lRxi>. 4a SfH. <l« M^t.iU. 
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•n X fAii of the connieof the ttd^waTO which wnahes the eout nf 
Irelntid. Th« grenlrr portion of tho sea-bttl is wiihiii rench of 
aoumiing* dirpclvd by the superior skill Mui greater penwveniiice 
of modern scieutitio navigaton; a depth of six railea is said to 
have been reached ia ooe small tract of the North Atlautic; 
depthfi of iiiiiP or ten miles iu the deepest rhantiels uf the sea are 
prutiahlc from coo«ideriDg tho gpot'ral projmrtinn which in likely 
to obtAJD betvoeu senrdepths aod mouutaio-tops. ThiiH the data 
fti-e yrrtdnally beiDg collected for a complete survey of tho be<i of 
the xea, includinj; nmoug other things information, at least, con- 
oeminf; the ilistribation of animal and vegetable life beae*th th* 
watci-a. 

Waves — their origin, the mechnDiim of their motion, their 
velocity, their elevation, the resistance they offer to vessels of 
given (onn, these subjecLa have been firmly kept in view by the 
Ait»M:iatioi), since first Profeaaor Chaltis reported ou the mathe- 
matical problems they suggest, and Sir J. Bobison and Mr. 
Scott Itussell undertook to study them experimentally. Out of 
this inquiry has conio a better knowledge of the forms which 
ought to be given to the "lines" of ahi|>s, followed by swifter pas- 
sage* across the tea, both by sailing vessels and steamers, of 
larmr size and greater lengths than wore ever tried before. 

One of tho earliest subjcets to acquire importanoe in our 
thoughbi vnn the niiexplMred region of meteorology laid open in 
PntfL'SBor .1. Fgrbfts' Kt'port*. Several of tho poiut« to whioh he 
calle<l attention have been successfully nllained. The admirnblc 
iuiitrumeDta of Whewetl, Osier, and Itobinson have replaced the 
older aod ruder anpuiometers; and are everywhere in full opera- 
tion, to recon) the uioiuentary variatiuna of pressure or sum the 
varying velocities of the wind. No small thanks were doe to 
Mr. Marshall and Mr. Miller for their enterprise and persever- 
ance, in placing rain (faugea and therrnometers amidst the peaka 
of Cumberland and Weeimorelaud. Those oxperioienLs are now 
renewed in both counties and ia North Wales; and I hope to 
hear of similar efforts among the mountains of the West of Ire- 
land aod the West of Scoiluud. Onr moteorologiciJ instruroenta 
of every ki[id have been improved; our system of photographic 
regittraiiou has spread from Kew into other observatories; and 
onr oorrpjipond ing member, Profwwor Dov^ has collected into 
aystematic maps and tables the lineii and flgniea which represent 
annual and monthly climnte over every land and aea. 

In the xame manner, by no sudden impnlie or accidental cir- 
cumstance, mm to its high im(>arLance that great system of mng- 
netio observationa ou which fur more than a quarter of a century 
the UKtish Association and the itoyal Society, acting in concert, 
have been intent. Fii*st, we had reports on the matbematiciil 
theory ami experimental researches of magnetism, by Christie, 
183:1, Whewell, 163A, and i:)abine, 163A; afterwards a magnetic 
■urvey of the British Islands;* theu the eatabHahment of u com- 

Clete observatory at Dublin, with newly arranged instrumeuta, 
y Dr. Lloyd, m ifi'M. On all this gathereii experience we 
founded a memorinl to Her Mnje^ty's Government, ouide a gnint 
of .£40t> from onr funds for preliminary expenses, and presented 
to the meeting uf this association in Birmingimm, in 1839, a re- 
port of progress, signed by Ucrschel and Lhiyd. From that lime 
now great the labour, bow inestimable the fraita! Hose sails to 
the magnetic polo of the South; America and Russia co-operate 
with our observers at Kcw, Toronto, and St. Helena; ami Oeneral 
5;ibine, by combioius all this united labour, has the happiucjw of 
eeeiiig rcjutla established of which no man dreameil— laws of 
hariuouiuus varLatiou affecting the magnetic elemt>nt« of the 
globe, in definite relation to the earth's movement, the poMitiim 
of the sun and moon, the distribution of temperature, and tho 
situation in latitude and longitude. 

Our efforts have not been friiitiess, whether with Mr. Mallet 
we make experiments on artificial earth-shocks at Dalkoy, or sur- 
vey the devustatiuns round Veanvins, or tabulate the reoiinls of 
earthquakes since the bcginuing of history; or establish the Kew 
Obset-vatory as a scientiSc workshop, where new instrumeata of 
HMcarch are made and prove*! and set to work; or dredge the sea 
with Forbes, ami Riady, and Jeffreys; or catalogne the stars witli 
Baily; or investigate electricity with ITarrit), Ronaldn, Thnmnou, 
and Jenkin: or try the action of long-couiinued heat with Ilnr- 
Ci>urt: in thase and a hundred other directions our attempts to 
gain knowledge have brought hack new facts and new laws of 

• Tli« mrrrj «u Ii^ruo In Irabod tn IHIfi, hf Ltoj-d fftlibo, ud Hon; sad con- 
ulcu«l in KKflnntl, Walr*, uvd >«tUatur Is IM*. b> tlie mqia aiAgMUduia. saiatKl 
I7 rvt .iit<l ?li<l]ltH I( «M nip«aUd In lUT and MkraMif jun by 8«Uiie 
Uojrd, WvUli, Uiia][lilUiii, aalbimltb, luial Muonjr. 



phenomeua, or better inalrameuts for attaining or better uKthod* 
ibr iuterprGtiog lliem. Even when we enter the domain of 
practical art, and apply scientific methods to test a greiat pmoeaa 
of manufacture, we do not fail of suooeoa; because we are able to 
join in united exertion the laborious cultivator* of eeieuce and 
the scientific employers of labour. 

Am I askeil to give au example 1 IiCt it be Iron, the one 
sniistaoce by the possession of which, by the true knowledge and 
right use of which, more than by any other thing, onr nntionBl 
grtiatnesA is supported. What are the ores of iron — whnt iho 
pecnliarities and improvements of the smelting proceases — what 
the quality of the iron — its chemiial cunipi«iii"in — its strength 
iu columns and girders as oast-iron; in raiU and boiler plate, id 
tubes and chains, as wrought-irou — what are the best forms in 
which to employ it, the best metliods of preserving it from decay ; 
— theae and many other questiooa are answered by many special 
reports in our volumes, nearing the names of Barlow, Mallet, 
Porter, Fnirtwim, Bunaen, Playfair, Percy, Budd, UrHl^kiusoo, 
Thamaon; and very numerous other oonimuuicationa from Lncaa, 
Fairbairn, Cooper, Nicholson, Price, Craue. Hartl'*y. Davoy^ 
Mushet, Hawkea, Penny. Scoreabv, Dawes, Calvert, (.'lark. Cox, 
H»ilgkin»on, May, SchnfiiaeutI, Juhnsion, Clay, and Boutigny. 
Boyond a queetion, a reader of siH^h of these valuable docnmenta 
hs relate to the strength of iron in ita various forms would be 
far better informed of the right course to be followed in expert- 
meiilu on armour-plated ships and forts to resnt aasault, and in 
tho construction of onluancu to attack them, than he is likely to 
be from merely witucaaing a thuawud trials of the caunoo 
against the target. Anyone who remembers what the iron fur- 
nace was forty years ago, and knows its present power of work; 
or who cuutrasis the rolling mills and hnmment uf other dkys, 
with the beautiful machiuea which now, with the gtntlcai 
motion but irresistible force, compel the strong metal to take up 
the most delicately moulded furm; will acknowledge that within 
the iwriod since the British Association l^gau tu wt iuvlf to th« 
task of reconciling the separated |>owers of Theory and Kxperi- 
ence, there has been a totJal change iu the aspect of each, u> th* 
great advantage of both. 

Our underuikings have not been frniilesa. We nttcmpttHl 
what we had well considered, and had the power to accuuiplish; 
and wc had the more than willing help uf competent persons of 
o^ own body, the friendly aid of uther insiitutioaa, and tb» 
sanction ^f the Uoverument, convinced of the Hucerity of our 
purpose anil the wistluui of imr reeouituendn linns. 

Ttie same work ia ever before us; the same prniience La alwavB 
necMsory; the same aid is always ready. Ltreat indeed shoulu 
be out happiness 00 reflecting on the many occasions when th* 
Koyal Society in particular, and other institutions older than our 
own, have readily placed themsolvex by our side, to share our 
responsibility and dimiuiah our ditUcullit'^. But for this, oor 
wishes might not always have prevailed; aud tho horizon of 
science would not have been 80 clear as now it is. Of lat* yenra 
indeed, aacieties formed ou our model have taken up B|)eciul parts 
of our work; ami thus to some extt-ut have relieved us of the 
pressure of commuuicatioDs relating to the practice of particular 
profesiiious and the progrrs--t of some public questions. Not ihat 
acientilic agriculiure, soual stnlislica, or phyaiology are neglected 
in our meetings, but that these and other pratflical subjecis are 
lound to have more than one aspect, and to require more Lhaa 
one mode of treatment. With us, facte well aacertaioed, ood- 
clusious rightly drawn, will ever be weloonto, from wlialerar 
qiiartcr of the horizon of science they make their appearance. 
Wbalover aocieties cultivate these objects, they are our aliiea, 
and we will help them, if we may. With pleasure we receive 
proofs of the good work done in limited districts by the many 
admirable Field Clubs formed by our countrymen; whether. Ilka 
those of Tyne-aide and tho Cotswolds, and in this iniut^iata 
vicinity those of Warwickshire, Worcestershire, and Dudley, 
they explore the minutest recesses of our hills and glens; or, like 
the rangers uf the Alps, bring us new facts rf>ganiing gbiciera, 
ancient climnte, and altered levels of land and nva. 

By theae agreeable gatherings natural history is moflt fuvoni*- 
ably commeDcied; and in the activity and enlarged views of tho 
officers who con<luct them the British As ociatiou recognises tl>e 
qutdiiies by which the vitality of scientific roearch is main- 
taiued, and Ita benefits diffused among the pruviucial iustituttuus 
of the Empire. 

Such are some of the thoughts which fill the minds of 
tlicie who, like our Brewster, and Harcoart, and Forbes, 
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and MnrebiMD, aD<I BnubeDy, stood, uixions but hopeful, b/ 
the cradle of this British AuMicintion, aiid who now meet to 
judge of its streDf;th, aud measure its progress. Whea, more 
tbsD thirty renrs agu, this parliacacat of scieuce cnme tuto b«ing, 
ils first child -lauguoge was employe<i to ask questious of nature; 
now, in riper years, it fouiuU ou the auswers received further 
and more detiiiite inquiries direcled to the same prolific sotiroe 
of asefiil kuowl«<)ge. Of i^esearches iu science completed, hi pro- 
gresfl, or in be<'ii)niDg, each of our annual volumes coutaiiis nome 
three hnmlred or mure passiug notices or full and perniAueut 
records. This digeitl and ninnunientof oarlatinunt iA indeed in 
•orae respects iucctnjplett!, nincA it does not always contain llie 
uai-mtive or the result of uudertakiogs which we sLirteil, or 
fostered, or suataiued; and I own to having ex|>erieiiced un this 
account once or twice a f«eling of regreL But the regret wiis 
■oon lo«t in the grattficuiinu of knowing that other and equally 
beneficial chaunchi of publicntion had been found; and that by 
tJiese examples it was proved how truly the Association kept to 
the real purpose of its foundation, " the Advancement of Science," 
uid how heartily It rejoiced in thisadvancoiueut wiihout looking 
too aloiH*ly to its own share in the triumph. Here, indeed, is 
the stronghold of the British Association. Wlierever and by 
whatever mean* sound learuiug and naefnl knowledge are 
ndvanoed, there to us are frieudn. Whoever is privilfg<'d to step 
beyoud hia fellowe on the road of scientific discovery will receive 
oar appl(iu»e, nnd if need be our lietp. Welcoming and joioinjr in 
the labour oftdl, wo sliall keep our place among those who clear the 
roods aud remove the ob«tacleH from the paths of soieuce; and 
whatever he nor own snceeiu in the ricli fields which lie before 
us, however iililt! we luuy now know, we shall prove, that in 
this our ilay we knew at least the value of knowledge, &nd jolnc<l 
heuta and hands iu the endeavour to promote it. 
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THE RELATIVE ADVANTAGES OF THE INCH AND 
THE METRE AS THE STANOAKD UNIT OF DECI- 
MAL MEASUUE* 

By JoBV Fnufii. 

Tbe Buhject of a decinuil system nf raeasnre resolves itiself 
into two distinct queHtiotm: the desirability of a dectrosl syKt«iu, 
and the standard of ueasure to be adopted as the unit of the 
decimal system. 

The principle of a decimal system of measurement is iiowoon- 
vdered t<> be so atlvantitgeons and dexinible by the practical aud 
aeiont fie men who have entered into the subject, that sooner or 
later the irregular and inconvenient oyslem hitherto used in this 
country must be expecteil to give place to une more salted to the 
preaeul times. The perniiSHtvs bill of 1604, which legalised by 
Act of I'ailiAmeut the use in this country of the present stan- 
dards of measure decimallsetl, and also of the French standard, 
the metre, is the first public step lu that direcUnn; aud coii- 
aequently the question as to which standard is to be finally and 
exclusively adopted for nae iu this country has now become an 
importaut and urgent practical question. The adoption of the 
metre system iu its entirety, both for measures and weights, has 
been strongly advocated by a very influential cuinniittee, who 
are actively endeavouring to effect that purpose; and the object 
of the present paper is to compare the atamJards for measure of 
length, and to show the practiciHIity of aelnpting n decimal 
syateni founded on the inch at present used in tins cunutry, und 
the advatititges that the inch possesses over the metre as the 
■tandard uoit of measure. 

The first question of the desirubltity of a decimal system nf 
measure may now be considered settled, and the principle 
definitely adopted in this country: but the secoml qnestiuu of ihe 
atandaixi of measure is still open, and is a very importaut one 
for ooufiideratiou on account of the Dumber of oircumstauooa 
afleetiog it. 

The adoption of the metre has Wen strongly recommended, 
and special clforta wore made to get it fixed upon as the compul- 
sory standard of measure for ihis conuti-y; bnt in tbe decimal 
bill DOW passed it is determined only to legalite the use of the 
metre iu addition lo the former standards iu this covmtry. The 
grounds on which the adoption of the metre has been urged are, 
the existence already of a complete decimal svsieni of meaanre 
and of weights based ou the metre, and its adoption already as 



the standard of mensare by the large aud importAnt population 
of the French empire and aeveral other countries: the object 
being to obtain if possible a unirersal standard of measure fur 
the whole civilised world, ou account of the great wivanuiges 
that would attend the universal nae of the same system of 
measures in the rapidly extending international communications. 

The cousidenition of the stuudanl of nieasure involves two 
digtiuct classes of requirements that have to be met as far as 
pntcticablM, which need a sepniate examination, namely — thoaa 
iuvulvitig scientific quesiions for preliminary iuvestigatton; an<l 
tho«e that are practical conditions necessary to be fulfilled before 
the object can be reidty caritrd out. 

The scientific questions involved may be stated as follows: — 

1. Tbe staodaixl to be the one that cau be replaced best iu case 
of being accidentally lunt 

2. The standard to be the one moat universal in the chaimoter 
of its basis of reference. 

The pniotical conditions involved may be stated as follows:— 
5. The Htandard to be the one best suited for use iu decimal 
subdivision. 

4. The standard to be the one roost extensively and tufiuen- 
titlly iu use already, aud consequently involving the least altera- 
tion of existing measures. 

1. In considering the question of the standard that can be 
rtpUurd Iwit in case of being totally lost by any accident, there 
app«.-ars on examiuatiou to be no real choice between the metre 
and the inch in this respect. The length of the metre was 
originally determined by measuring a |Mirtion of a quadrant of 
the earth's polar circumfercDce; but its length was also referreil 
to the length of a seconds pendulum, on account of the much 
greater facility fur accurntply repeating the measurement of a 
})endulnm than the extremely ditlicult and complicated operation 
of measuring an arc of the earth's circumference. Tho length ol 
the metiD was wmsequently define*] in 1798 by Bonla, one of the 
commisMioners fur deUimiining the French national stantLinJ, by 
giving 0-99HH2 metre as the length of a seconds pendulum at 
Paris making 8tj,400 oscillations iu twenty-four hours,and vibra- 
ting in vacuo at the sea-level and at tbe tcmperaiure of freezing 
water. 

The length of the inch was defined in 1331 by the declaration 
%ty Act of Purliamtrut that 3f) 13!I2!) inches is the length of & 
seconds pendulum in the latitude of London, vibrating in vacuo 
at the aea level aud at the tempentiure of 62° Fahrenheit. 
Oonnequeutly both Ihe metre and the inch (»u be verified by the 
same means, the niensuremeut of a pendulum; and indeed the 
relation hetwecu them having been once established, it follows 
that whatever ULenns is used for verifying the one, whether by 
the length of the f>endulum or any nienKuremeut of the earth's 
surface, it) equally available for verifying the other; so that iu 
this respect there is not any choice between the metre and tha 
inch. 

2. In regard to the Kooud poin^^tbe Btand.-ird that Is nxNtf 
univertal m the character of it$ 6osttf of reference — the metre wiis 
formerly sup)x>sed to have a marked superiority over the inch> 
as it was originally intended to be exactly the one lO-millionth 
part of a qundnint of the earth's polar cireumferunce,* tlic bA±>iti 
of measurement to which it was referred ; whilst on the other 
hand the iuch was an uneven (rnction of the length of the pen- 
dulum. The result howcvur of iiubse<iu(:nt and more accurate 
measitremeuthas been to show an error of l-64ULh {>art deficiency 
in tbe original measnrement of the metre, which v/xa effected iu 
1794 by the measurement of an arc uf alioul 650 miles length, 
extending through Frauoe from the ooast at Dunkirk to Formeii- 
tnra on the coast of Spain, the measurement of which was earned 
out under unusual difficulties in time of war. In conseoueuce of 
this error in the orijjinal measurement for the stanLLard, tbe 
If Qgth of the metre was now to be defined by an uneven fraction, 
as is the caso in deiining the length of tlic inch. The further 
result, however, of recent investigation has been to show, that a 
quadrant of the earth's polar circumfereuce is not, as was pre- 
viously supposed, a uniform quantity, and it is therefore u»t a 
suitable basis for dctermiuiog a standard unit of meoaure; for it 
has been found that the form of the earth at the equator differs 
from a trae circlu, its longest equatorial diamaler exceeding its 

* Or nara mmctlj Um l-ti>o,iMdtJi part at * dadnal doviM of Uttlod* of «fakli 
100 da imi i uudd Uw ))udnuiL Uii* ^egno balm uku bl rnwoe, ul iwipmiiiiiHj 
dUferlMk Ici kiigOi ttwm « alsiLUf dagr** la otbw UUMdM co uoosat nl th* jMlv 
dlaHeior of the oartb talag hi$Kk put l«M thu itB Buao t^nlwlsl lUmflv. mhag 
hi Iu RpluugiiUI (iino. 
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feliort«fit bv l-394Uh part, ami tliere U coDsequeotly a vnnatioD 
in the lengths of diSereut qaudrnuta of tUe circumfereiice 
mraanred (mm the pole to the equator. As reganis tliu itiiiver- 
saJityuf ita Ubais therefore, thtire u no choico belwuBii the metre 
niiil tlie inch. 

It lins to bo noticed that the prpseut tfgal standard of meafltire 
iu thiii cnuiitry, is roally an indivjdunl atnndard metallic ynnl 
measure, which wag leKaliaerl by Act of Parliameut ID 1855; thia 
had b«>eii prepaivd with all {wsaible care by ootnnarisoii of all 
cx-istiiig BLaQdarJa of authority, the former legnl alandard, a 
metallic yard meaaaro made by Bird id 1700, hariiig been 
deBiroyed l<y fire in the burniog of the Hoaaes of l*arliamenl in 
18-^. In (.MiiaeQiieoce however of noma RCiircca of error having 
liueu discovL-rcd by aubHt-queut invcflli^tious in the former pro* 
cess of menaurinz the seconds pendulum, all reference is omitted 
in thi» laat Act of IS-W to the means of verifying the HlHudard li> 
the length of the penduluii), an<l the only pi-uvitiiou made against 
a loes of th» atnndard ia by l6|;;alii<ing certain duplicalca that 
veie mnde from it with the greatest care, as secondary staridardfi. 
The nrnrent standnr^i of meaaare is therefore really aa icdividunt 
metaJlic'yard meaatire, forming the legal atandanl it]de[>cndenl of 
any reference to another source; aud the metre niiiy indeed be 
coufiidcrcd lo be in a similar pn-sition, since it is a continuation or 
copy of the original metre, which is now knnwn to differ from the 
meomre of the earth's circumference that it was intended to 
rupmsent, whilu the nminiut of error at present nKcerCained may 
probably undergo still further correction by future still more 
accurnte observations. 

The circumstance however of depending upon accuracy of oopv' 
iug for the preservation of a Hlandard, though theoretically ifhjvtv 
tionable, is not practically a disadvantage ns resards ju^iurairy. 
For with the extremt» degree of perfection now aitaiinnl in w^y- 
JDg nieasures of length by Mr. Whttworth'^ pnKji^M of contact 
lueaauremeut, the accuracy of measureniuut can be carrit-t) »« f^r 
OA one millionth of an inch, which is a considerably hiffher 
approximation than can lie obtained in any present proceas uf 
determining tlie length of a petiduhmi or an arc of the earth's 
circumfereoL-e. The writer is informed by Mr. Whitworth ttat 
the standard cylindrieAl gauges sujifiliwi by him toengineeHng 
and other i^taUishmcnta do not vary l-10,0l)0th inch in diameter 
for any m/.e up to i inches, aud the larger sizes up to G inches^ 
diameter dn nut vary l-dlX>Uth inch. 

In consequt^nce uf the variation in the lengths of the several 
quadrant) of tlie earth's circniufcrouoe, a suggestion has been 
mode by Sir John ileracbel to adopt the earth's polar axis as the 
standni-d of reference, thai being the only single or unique dlmen- 
flioD of the earth's mast. As this dimension is very nearly 
S00,500,lltK)inche«or MOOOth jMutmore than 500 million inches, 
ic has been proposti) by him to increase the iuch by 1 lOOUth part 
and make it then the standard unit of length as the one 500* 
millionth part of the enrch's polar axis. It has to he observed 
however in referenw^ to this propciHal, that 1-lOUOth part of an 
inch is now an appreciable quantiity in mechanical work, such as 
boring rifles, &c.; and the alteration if cairiird out would involve 
a lods of one mile in every 1000 miles. Moreover, inrlependently 
of these pntctical objections, any such step would renliy involve 
» similar mistake to that made in originally fixing the moti«, 
since the results of a future more correct measurement of the 
earth's axis wunid be likely to require a correction in the frac- 
tion expressing the inch, in addition to the present known error 
of l-170,000th part, arising fi-om the actuatlength of the axis 
being rather less than 300,500,000 inches, as ascertained by the 
present measurement. 

All these varions conniderntiona therefore appear to lead to the 
oondaaion that the beat practical course is tu refer to an imli- 
vidital standard, which will admit of being copied with a very 
high degree of accuracy, as in the case of the present Jcgal 
standarcTiu this country. 

3. The next qne&ttOD, aa to the atondard bt*t tuited for use in 
decimal rubdivision, is one to be determined by the relative prao* 
tical convenience or inconvenience of the principal Buhdiriaions 
and multiples of the diflferent ataudurds of length. 

The old legal standard of measure in this country, the yard, is 
near U^ie size of the metre, the former being 30 inches and the 
latter 39"37u3 inches. If the yai"d were subdivided decimally 
Into tenths, hundredtha, and thousindtba, it would make a scale 
as inconvenient and diflicult of application in this country aa the 
metre scale: but the standard is defined as a yard of .16 iuchea, 
aod the inch aa a unit of mcasun baa ItDporiaut advantages as 



regards facility of application, and has a special qualiflnition for 
the pnrpoee as a convenient unit for expressing the smaller 
dimenaions lequirod in uiechanical engineering work, sines tbfl^ 
subdivisions and multiples of the inch ))n>dominato in the dimen- 
sions of the parts of mncbioery, ic For exsmple, n mejinnring 
machine extending from to LO inches gives an amplp range to 
make the requisite templates aud gauges with an accuracv np to 
1-I(i00th inch for all the Iwring and turning work n'qinrtfd for 
locomotives and for stationary engines up tn UKi-hor»epriWpr,an4i 
for the tools and machines of corresponding size. The largap'^ 
dimcoaiooB above 10 incheu are but few in number as coiDpttredtf 
with those below 10 inches, and are cot required to be inorol 
accurate than to 1-lOOlh inch; their dimensions can therefore bar 
obtained from a stcol rule of 100 inches length divided iDU> tneheSal 
tenths, and half tenths; while the hslf-t«nlh of an inch, belng^ 
easily divisible by the pyw into five jtarts, gives hundre^liha of nsxi 
inch. The writerhas found such a range op to lOii inches amplyj 
sufficient for the requirements of one of the largest hwimotivB^ 
establiahmentfl, snd slsofor all the purposes of a largH inniworks; 
and with snoh a syiilem great iiccnracy of work is obtained, 
mistakes and misBu are avoide<l, and a duplicate system of the 
must perfect kind is established. 

Kur siunll dimensions the metro is divided into 1000 parts 
cnlle<l niillinitftres, each being equal to "OIM*:!" inch or about 
l-26th inch; but in the clasaew of work in which the Btjei- dimeo- 
sioDs of thousandths of an inch are required, tlie inch has an 
advatitage over the metre in eonventoooe of application as the 
unit of meaanre; for dimensions in thousandths of an inch sre 
readily and conveniently exprp8«e<i and H|x>ken of, bnt with the 
metre as a unit such ilimensions require the iise of milliroetrea 
and frictions of millimetres carried to two places of decimals fa 
iii'ili-r to express thorn. For exnmple, the staudnrd b<tre of the 
Qpvermnent rifles, in which a diffet^nce of MOOOth inch in the 
diameter of bore has to be recognised and expressed, is '577 inch i 
or 577 thousand ths; but the e\prej«ton of such a dimension oa^ 
the metre system would be iu the iooonvenieut form of 14'67 
millimetres. 

Thia is a practical advantage of importance in favour of the 
iuch as the luiitof measure; for dimensions to 1-lOOOth inch are 
now required iu regular nm for various descriptions of worL 
For exsKiple, iu the case of fixing a wheel or a lever upon lis 
:ixle, the amount of difference iu diameter required between 
boring ami turning, in order to ensure the oorrct amount of 
tension, is not a thing to he guessed at, but is a definik* quantity 
ranging fmm 1 1000th to 5-UHX>the inch, or *001 to OOS inch. 
If iu addition t" forcing by hydniuHc pfessure, as in the case of 
putting wheels upon their axles, the further step is taken of 
expanding the external portion by heat and then shrinking it 
n|Kia its sealing, aa iu fixing levers upon shafts, a very high 
degree of accuracy in the respective diameters is reipiired in 
order to ensure a definite araouut of tenaion; this is e«)>eGiaIly 
the case iu the niaunfacture of wronght-iron ordnance. wher« one 
series of hoops has to be shrunk upon another, each layer being 
coni[>respeti in pioportiou to the wurk it is intended to snsuiu. 
These dimeuaious of thousandths of an inch are now readily 
appreciated and worked to iu regular work bv means of the 
system of contact gauges introduee<l by Mr. Whitworth; they 
can be luessurwl by any good workman with a pair of eallipersy | 
and great advantage iu accuracy and facility of work is derived 
from the system of working to these definite decimal dimeusious. 

It mny also be observed that the inch divided into thonsandths 
serves very conveniently to express the series of thicknesn* i 
known as the wire and metal gjiuges, as shown in Mr. Wbi^^ 
wurth'a decimal wire gange, a specimen of which is on the table, i 
extending from No. -ItK), or 300 tliousaudths of an inch, to No. lU^ 
or 16 thousandths of an inch. 

A decimal scale fouude^l on the inch as the unit would bava 
then for its subdivisions the lOOthsaud lOOOthsofan inch at pre- j 
sent ii: use; and the first ascending stop lu the scale would be thttJ 
substitution of a 10-inch foot for the present 13-inoh foot^ baiug j 
aradactioG of one-sixth in the present measure. The sacceeding] 
measares would be asshown in the following table, taking naereljrl 
for the sake of comparison a similar nomenclature to that ofl 
the metre scale: — 

Indtm. 

Mill! inch -= '001 or th'iu.4andth of aa inch. 

Centi inch = -Ol „ hundredth „ 

Deci inch = '1 „ tenth „ 

lacb s 1 the Suuidard Unit. 



Oekl, iHfl 



THE CIVIL KNGLNEER AND ARCHITECT'S JOURNAL. 



297 



Dees Inch = 
Hccto iooh = 
Kilo tiicb = 
Myri* inch = 



10 
100 

1,000 

10,000 

300,000 



i foot of 12 inches. 

about 1 i fiubom „ 72 „ 

„ if cbiun „ 702 „ 

„ 11 furlough 7030 „ 

„ Uitule „ 63360 „ 

A corresponding decimal bcaIo applietl to superficial measure 
•would be aa follows; — 

3<i. ins. 8q. fu. 

Squan iudi = 1 

Squara decs inch = 100 about I foot of 144 

Squar« hecto iiicfa = 1Q,0M ■„ | p(^ •» 89,204 
Square kilo inch = 1,000,000 „ j acre „ 8,272,640 

In carrying out thia change of the meaaarca at present in uoe, 
it has to be observed that in conserjuenoe of UklDj; for the unit 
the lowest of the present denoojinationH — the inch — the impor- 
tant advantage is obtained that auy dimcDMion on the present 
system can m exactly expressed in the dccimial system without 
»oy fractional renmitider, and the only calculation required for 
the change is to bring the dimeueiou into inches, vfaiob imui&> 
diately gives its corresponding value in the decimal system. But 
if any other of the present measures, such as the foot or the 
yard, wore taken as the unit, a troublesome calculation would be 
required for this pur^Hiso, just as in the case of adopting the 
metre for the unit; and the result would be an inoonvenient 
fractional quantity, with Its nccaracy dopeDdingiu many cases on 
the length to which the dpcinml was carried. 

4. The last consideration in the alandard that is the mMt esten- 
#ire?y and inJiaentiaHy in use already, and consequeutly involves 
the least alteration of existing measurea in its a/lopliou. 

The metre was e3tahHshe<i in France iu 1840, and is now the 
measure in uuiversal use throughout the French empire, and 
also in Belgium, Holland, and Nurlheru Italy. It has also been 
snbsequestly adopted and has partis* come into use in Spain, 
Poftttgal, ItAly, and Greece; and also in Brazil, Peru, Chili, 
Iffezico, and other countries in America. The population of the 
above ootintrics is about as follows^ taking the data from the 
Atmanach (U Ootha:~- 

{ France, Dcl^um. ) 

Uetn in univcnat use \ HuUaud, and \ 50,000,000 

( Korthern Italy ) 

v^M ^^^t^ »«J ( Eunjpoon Countries 37.000,l>00 

^StX^«r^ DiuT Colonies 35.000 000 

f*"^^ •" ^"^ { American Countries aoioouioOO 

08,000,000 



14fl, 000,0 00 
The inch is in universal use tbronghont the British empim 
(exeepting India) and throughout the North Aii.encan States. 
In British India, the native standaiil measure, the " hath," is 
legnliiied as IS inches; and a multiple of the inch is also the 
standard measure of the Kusaian empire, the imperial "sagene" 
being legallswl as 7 feet Knglish. The popolaliou of the above 
couDtriea ia about as follows, taken from the same aource: — 

^H t Britiah emfnre 

^B V. States 



MaltipIeofiDcbinu»,jg;jJijJ;^^ 



British India 
em}nre 



36,000,000 
31.000,000 

I38,WK1,000 
74.000,000 



67,000,000 



■ 212.000,000 



279,000,000 
In addition to this exooss m the actnal numbers of the people 
^ sow using the inch over those now using the metre, the fact 
should be coDsideiud that the former include the great machiDety 
producers, whose work ia already existing in such large quan* 
titles in all ports of the world in the form of engines, machinery, 
railway plant, tools, &c.; such as the tools and machines of Man- 
chester and Ijeeds^ so largely exported to other countries, their 
cotton and flax machinery, the sugar mills of the West Indies, 
the steam engines, agricultural eugincH, and machinery sent to 
all parts of the world, steamboats, railway plant and machinery, 
railway bridges and roofs, &c; the amount of steam engines and 
umchiueryuluue that has been exported from this country during 
th«latt twenty years having reached the value of i!40,000,(XH>, 
aodavenging during ibeUst five yearsabout£4.000,000anuually. 
The lar^e excess in uie machinery already made under the inch 



over that made under the metre system of measure ia an impor- 
tant practical consideration, as it must be remembered that the 
mncliiues sent out to other oountriea form types of other machines, 
and that they re«iuire repairing and renewing with the same 
measfores with which tlicy were madn. In this country the inch 
18 involved intimately in all mechanical engineering work, and 
ia the basis on which the various machines and cnginee have 
been built, as the mechanical engineer may be said to think in 
inches, calculate iu inches, and work in inches; mechanical draw- 
ings are made to the inch or its multiples; patterns are in inches; 
the pilches of the teeth of wheels, the sixes of taps and dies, the 
standard gauges for boriuc and taming, and the finer dimensions 
of every part of every tool, machine, and engine, are all made in 
inches; and the sizes of all bant of iron and ptauks of timber are 
in iuchee. The inch is also the baaia of tho data for calculations 
of strength of materials, sectional areas of girders and framing, 
pressure of steam, &c^ power, veloci^, capacity, and weight. 
The difBculty of effecting any change id the unit now forming 
the basts of these mensnrea and calculations would therefore be 
exceedingly great; but iu the case of the metre this difficulty Is 
greatly increased by the relation between the metre and the inch 
requiring a long fraction to represent it with sutficlent accuracy 
for such purposes, thus: — , 

1 metre is equal to S9'S708 inches, and 
1 iDob in equal to 25-3985 millinMtres. 

In the following table are shown, for tho purpose of com- 
parison, the corresponding values in millimetres of some of the 
Ordinary fractions of the inch, and the correspondiug values of 
sqaare and cubic inches in square centimetres and cubic milli- 
metres; from which will be i«en the exU'crae difBcuUy and incou- 
vuiuQuce that would arise in attempting to change the inch to the 
metre system. 

1 inch = 26 'S09S nullimetzti. 

J,» = 12-6II98 

„ s 6-3499 

3-1749 

1 • 5875 „ 

0-7937 

0-5968 „ 

0-2540 

6-451 square centimetres. 
64-512 

16-3&0 cubic miUisietres. 
163 '862 „ 



V. .. 

lis- " , . — 

1 eqnsro ui<^ = 

10 ,. ., = 

1 oahio ineh = 
10 



Considering the preponderance of the population now using 
the inch and not the metre, and the extent to which the inch is 
now flpread over the whole world, the difficulties in the way of a 
change to the metre appear to the writer so insuperable, as to 
amount practically to n prohibition of a decimal system of 
measure if it is to be bused on the metre. 

The subject of decimUisiug the present very irregular and 
inconvenient system of weights and measures of capacity in this 
country is one of great importance; and grcAt advantaf^es would 
arise from the reduction to a uniform decimal system. It has 
been supposed tliat the metre system has an advantage in basing 
the system of weights directly upon the measures otlength, the 
kilogramme of 2'2048 lb. English being intended to be exactly 
the weight of a cubic decimetre of pure water at its inAXtmum 
density: but it now appears from subsequent more accurate 
measurement that this rcqnires somo correction, so that the rela- 
tion between the kilogramme and the metre ia not an even oue as 
intended, but an uneven fractional one. There is strictlv no 
choice therefore iu that resjieot between the kilogmmmu and the 
pound; and in fact, iu the same way as with thodetiuition of the 
metre or the inch, any weight, such as the English pound, may 
be defined with equal accuracy for the standard unit. 

It may be remarkeil that if the pound (pound avoirdupois 
=7000 grnins troy) were taken a» the standard unit for decimal 
weights, the important weights of the cwt. and the ton, which 
now vHpy in practice, the cut. between 112 and 120 lb. au>i the 
ton between 20 and 21 out. or 2240 and 2^50 lb,, might be 
decimalised as 100 and 2000 lb. without any very serious difR- 
oulty, and with important ndvanlago in removing another of the 
old irregularities in the ny^ifni of weights and measures; just as 
in 1K41 the imperial and tlucimal gallon, consisting of 10 lb. of 
dlstitled water at O^Tahr. woa substituted by Act of Farliaracut 
for the old ale and wine gallons having 103 and 83 per cent, 
respectively of the same value. 

The following ore the general conclusions submitted in the 
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present pAperin rerorenceto the sUDJard for decimal measure: — 

1. Tlmt tliQ incli aod the metro are eqoallv eligible for the piir- 
p<MC,ni regards tbt! baais of rt'fcrciice on vhirli tlic.v arc founduti; 
and either of tbem could be aa accurately aud rcjulil^ replaced aa 
the ullier lu case of beJug looL: siuoe both of them are pnictioally 
ueperiileiii- upon the copying of an Individual staudanl, whiob 
can be olTected hy the present improved means of measurement 
witb a higher degree of accaracy tban could be attained in a 
repelittoQ of the original process of conatrnctiDg tbe standard hy 
referaiiDe to a natural standard such u a pendulum or an arc of 
the earth's circumference. 

2. That the metre ia not suitable for adoption in this ooantrj, 
on account of its entire dilTorcnco from the existing meosnires 
and the tnconveoienoe that would arise in expressing the smaller 
dimenKioiiu cxteoHividy used in mechanical work, &c.; and that 
the inch is the most suiLiblu measure fur tbe purpose, on account 
of ltd being ioUmately involved in the present data for calcula- 
tions and dimensions of mechsuical work, &c., and from its 
oonvetiieuce fur expreHsiug the sitiuUer <limenBinus extensively 
used. That for larger dimenHious the essiest and most con- 
venient decimnl change would be the adoption of a lO-inch 
measure, which would be a reduction of an even fraction of ^th 
from the present ftiot; ami the longer measures beiog already 
multiples of the fnch, the cluingc would then be at least easier 
for their decimal sdaptatiou to the inch than for their entire 
alteration to the metre standard. 

3. That it is very desirable that an alteration shonld be made 
ID the present system of weights aud measures of capaaty, for 
mdncing them both to deciirml systeroH; and that these can be 
based as deBnitelj and conveniently nnon the inch as tbe stan- 
dard of measure as upon the metre; ana that it will be preferable 
to adopt for the staudani a weight that is already in most com- 
mon use in this contitry, such as the pound, without nttemptiug 
to construct any new standard bearing a nioru simple relation tu 
the decimal standard of length, but diueriug from oil tbe existiug 
Treigbta. 



ON SOME OF TnE CAUSES OP THR FATLtTRR OF 
KEEP-SEA CABLES, AND EXPERIMENTAL RE- 
SEARCllES ON THE PERMANENCY OF THEIB 
INSULATORS.* 

By WitUAM FAinBAiHN, Esq., C.E., F.R.8. 

Tbb recent disaster and loss of the ereater portion of the 
Atlantic! cable is one of those casualties which may be considered 
national, and may be looked np<~m ss a misfortune much to be 
regretted, aa it delays the completion of one of the most arduous 
eriterprtzes that bos taken pUce in marine telegraphy. It is, 
however, iinggestive of inipruvHnient* nnd the removal of imp&li- 
uienL^ which Ht«m to buve bestit tbe laKt nttcmpt to sabmcrge 
what WAS conttiderei) the best and most elfecllve construction for 
a durable and certain communication between this country and 
America. 

The lo9t cable, or that part of it which now rests as a lifeless 
tbrencl at die IxiUoni of the Atlantic, was utiiinimotisly acdecled 
by the scientific committee, to whom was entrusted a loug series 
of laborious experiments to determine the strengths and other 
mechanicnl, chemical, and electiical properties of the mnterial of 
which it was composed; and it may lie interestiot^ for the section 
to know how these oxperimeuls were conducted, and to what ex- 
tent they wore calculated to form a enfo nnd a durable cable. 

K>r these particular details I must refer to my own report, 
published in the Transactions of last ye^ir, in wliicb will be found 
the mechanical properties of this and other cables siibniittrd in 
various experimentiU testa. lu this report the rc.iulLs di'dnce*! 
from these experiments are given, and we have now to inquii'e 
how far thoy were conducive to carry out the objects of the com- 
pany in estfthliflhiug a safe aud elfective commnnicaiion between 
Valentia nnd Newfoundland. 

It will be noticed that the lute failure of the insulation, sub- 
mergence, Ac. is not su unaminiou occurrence. On the contrary, 
it has been estimated that out of about 14,000 miles of cable Uiat 
have been laid, nearly three fourths of that lengtli have been 
failores, and that at the present time not more than from 40011 to 
0000 miles are iu snceessful opcmtion. These repeated failures 
and loss of proftsrty are much to be deploreil; but they have been, 

■ MieU bcfon tb« BriU*lt ASMHtaUcm. 



like the last great failare, fruitful as the raMns of aoonmulattng 
a vast amount of experience, and have suggested remedies for tho 
almost inevitable dilhcuUies that have to be tiurmonnted. 

Conditions o/ Cables. — Considerable ditference of opinion exist! 
as to what constitutes the bent descriptiuu of deep-sea cable, aom« 
contending that a single copper conducting wire surrt>uude<i with 
a spiral covering of ^ne steel, such as Mr. Allan's indestructible 
deep-sea aible, and Mr, Siemens', who depends for the strength 
of his cable on nstmnd of oopper wire laid round thecetitml wire^ 
aud a series of white hemp strands as a protection to the iusu- 
lating covering. Others again, such as Messrs. OUas, Elliot, 
and Co., uiaiutain that the strength of the cable shonld de)>eudoa 
wires of bomogcnons iron, covered with strands of Manilla vara 
saturated with a preservative mixttire, and spirally wound round 
the padded core. This constitutes the strength of the Atlantic 
cable. There are other varieties, but they defieud for their 
strength more or less upon an external ooveriug of wire round 
the insulator. There are, however, two things in marine tele- 
graphy which require special attention — viz., the manufacture of 
tho cable, and its submergence in deep water. In the hrstwaj 
may venture to assume that the conducting wires, inaulntion,and2 
strengths of the cables are satisfitctory, and that we have nothingj 
more to do than to lay it quietly on the bed of the ocean. The } 
recent defects of the Atlantic cable and the imperfect insulatioa 
of others are, however, importAut lessons, which prove the ne- 
cessity of vigilant inspection of every yard of cable as it is raanu- 
faotured in the lirat ic^tince, and its careful preservation nntil it 
ifl safely de^xMitted at the bottom of the ocean in the second, 
these conditions were Bup|xifled to have Iwen carefully attended! 
to in the manufacture of the Atlantic cable, when it was run from'r 
the niachiuBS into the water tanks at the nuinuGictory, from theso] 
again into the steamer conveying it to Sbeemess, and nliimately ' 
into tb'ise of the Great E^tsru ship, where it was carefully coiled 
for final immersion. "Every possible care was taken; but, not-., 
withstanding the precautions exercised by the manufacturingjJ 
compiiny, smalt pieces of wire on three different occasions wer« . 
found slicking in the cable in contact with the conducting wires, 
and destructive of tbe insuktion. Now, these very tritliug dr> 
cumatances were the whole and mjIo cause of the \o»s of the cabla^^ 
and it, may be necessary as we proceed to advert to the subeequent' 
trials of un<U<rLtying, driMlging, fishing, and hanliug, whidl 
ensued, and which tinalty terminated in the Ion of nearly two 
tbirdsi of the cable. 

In my paper of last year 1 gave a fall account of the experi- 
ments and I'esuits which le<) to the manufacture of the present ■ 
cable, and I closed with the remark that "I bati not entered upoai 
the process of immersion either in tanks or the sea; and the qua**] 
tJon of colling, shipping, submersion, &c., were left for fotur 
inquiry," I was in hopes that this inqairy would not have " 
necessary, excepting only t^:' prove that tJie mnchiuesand cTfr 
other appliance on board the Great Eastern bad effectually pel 
formed tneir respective duties, and that we hud only to recor 
them as contributitrs to one of tlie most sqccensful enterprises that 
had been achieved in modern times. lu these, our most sungninff 
hopes, we have been disapjiuiuted, aud we have now simply to>J 
inquire what extra precautions should be taken to prevent 
similar occurrence in Inying the next cable, which I hope to m_ 
dnne with perfect safety and without interruption at the bottom 
of the Atlantic. 

Payingout Machinery, — A voyage from the Nore to ValeDti* 
in July latit, enabled me carefully to examine tho big ship, with, 
her raactiiuery aud ridtiahle cargo. 1 inspected the tanks and 
tiirichinery f>;r paying out the cnble in detail, sud felt satisOed that 
every preparation hsd been made, and every prcciation taken, 
to ensure succeso. The payingont machiuery was perfect; it 
proved itself to be so as regiirds its powers for regulating the quaii- 
tity of slack to be paid out at dinereut depths, and the uniform 
degree of tension that was requisite to be observed, and which I 
believe was given to it at these depths, 

C'iiiing. — Paying out a cable of considerable weight at»d 
strength fnmi the coil appears to be surrounded with many diffi-, 
culties, the greatest of which is the danger of kinks, arising* 
from the twist which It receives in being uncnilfHl. This ie 
the great objection lo every description of cable jiaid out from 
the coil, as the tendency is to run into loops or kinks, nnd this, 
when snbmiticd to an amonnt of tension of nut mors than oni^ 
half its ultimate powers of resistance, would injure theinHulaUou^j 
nnd, what is more than proh,ible, wnuld nitimately deairtty the 
conductivity of the cable. These are di^cnltiea whiob la this ' 
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\reight of cable it is almost impossible to orercome. With & 
smaller uible, depeDJiog eotirely apou the coQilnottuf; wirce — 
cuefuHv iiiBulnteu — for it« Htrvoj^lh, it wmild bu ]K>«^il)te to wind 
ic in leDglh* of eif;hty to one buntlrcii wiles njioi) reikis, nuil these, 
nemtl; bnluiced iu the holj of the shtp, might b« pnul out into Uie 
sea entirely free from kinks; but in doitig this it must be observed 
that considernhlfi rwk is incurred of brenking the cable from Uw 
amount of friction to which the wheels would b« subject when 
loaded with eighty niiled of cable. Taking the wholo coudttioua 
of these arrnngpmeDi« into aoconot, it is not clear that tbu reels 
would be any iiupmvtmcnt opoo the large coiU in taoks, as 
&dopt«d in tlie Ortnt KaHtero ship. In fact, there is no other 
plan suitable for the paying nut of the Atlantic cable, of its pre- 
sent weight aud dimeDsiona, but the «>il. 

Spdcing. — As respects the manufacture and the splicintr, it ia 
evident that ranch greattir care shrtuld bo taken to ^e that no 
extraneous matter comes in contact with the iuHuluLor, or to 
injure the external covering after the cable is once finished. If 
the short pieces of wire which penetrnted the gutta-percha had 
not been there the cable would have been at the present moment 
moment in full activity aud in regular communicatinu with the 
Americao States; aud it is much to be regrettel that this cable, 
so stroDg and so powerful to its resistance to strain, so well exe- 
cuted and eo full of promise, should have failed. 

The Grtfit Eastern. — With regard to the Great Eastern ship, 
never wa^ a cuiupsiiy uiore fnrtnuate in having such a vessel fur 
such a purpose. She proTmt hcrnflf everything that could bo 
wished for. Her easy steod^ motion wns just what wa^t required 
for paying out the cable, and its relief from any uuduo stt-iun by 
the pitching of the ves^t'l renders the big ship exclusively calou- 
lated for the submergt^noe of nuhinarine cables tn deep water. 
She ia the very thing that is wanted (or such a purpose; aud I 
firmly believe if she was properly fitted aud pre|iared for such a 
aervicc— with aoiue addiiionni atiiogers to streugtheu the upper 
deck and sides — she would tind full employment as a eubmerger 
of cables in every sea which divides the fourquai-tersof theolobe. 
She is admirably adapted for that purpose, and her douhfe en- 
gines, with screw and paddles, aiuiist the steering, and afford great 
facilities for paying outnnd hxuling in the cable should accidents 
occnr such as overtook the vtssel iu the middle of the Atlantic 

i?«wiv!ry of the Brokfn Cabie.—ln sp«nkiag of the Oreat Eastero 
and her adaputimi for Isying the cable, it may be desirable fur- 
ther to inquiry into her caijabilities for dredging, undorlayingf 
and overhaoliug a cable if l)Kt or broken in deep water. The 
reoovei^ of a lost cable is at alt times a precarious operation, and 
the difficulty which presents itself iu the caro of the Atlantic 
cable is it^ largo diameter and the friction of its exterual surface 
in passing through the water. If raised at all it must be at an 
exceedin^'ly slow Apee<], aud that with one end loose, otherwise I 
shouhl despair of raising it from a dftpth of tlOO fathoms, by 
hooking it in the bight or middle, where the resistance would be 
doubled iu raising two i^ide^ iustead of one. 

Let us suppose that the grapnel has hooked the cable at a few 
miles distant from the fracture, and it will be seen — if it is to be 
raised from a depth of 2^ miles — that we have iu the present 
cable to lift at an angle nf, say 4/i deg. on each side 3'lt^ miles of 
cable, or Qi.i X 1-tcwt^ (the weight of the cable tn water i, a 
weight of 4) tons, equivalent to more tlian oue-lmlf the breaking 
strain. Now k> this de^d weight wo have to add the friction of 
the two sides of the triangle, AB aud AC, (Fig. 1, Plate 29*), 
which will be as the equaies nf the velocities with which it is 
raised. What may be the additional amount of strain from the 
spee<l with which it may be drawn through the water it is not 
neeeeeary here to c»lcnlaie, as it is obvious that at a velocity nf 
two mliss per hour it would spproxinute oloee upon the break- 
ing weight of tlie cable. 

Lot us however assame, for the sake of calcnlatioD, the strain, 
including weight and friction, to be G tons, and n^ it requires a 
strain of 7 j tons to break the cable, we only have in reserve ) j 
too to carry the bight of the rojie to the surface of the water, 
Now this U aasuniing that the cable has been paid out with aa 
much slack aa will enable it to be raised in the mannet just de- 
Bcrilteii; but this Is evidently not lhecase,nnd as auy attempts at 
raising the cable iu thi^ form would bre.ik it, the slack of 1 1(H) 
yards ou each side would require to be takeu up, and a drag for 
five miles on each side would be the result, before it oould reach 
the surface. This is evidsut from the fact that the excess of cable 
paid otit over the distance run was 1S10: 1060, or 12^ percent, 
of alack. This would be equivalent to dragging some miles of 



cable through the ooze or mud to make up the difference between 
the catenaries DE aud AB, AC. 

According to this reason it would appear that any attempt to 
raise the cable iu this way would prove fruitless, unless boom 
means were adopted to cut it at the point N on the Amerjoan 
side, and haul iu by a second grapuel which wonld hold fast until 
the cable was cut. These appear to be the remedies calculated to 
meet the dithctdties by which the recovery of the cable at mid- 
Atlantic is Kurrounded, but 1 must coufess that I have vei7 great 
doubts of its success. The only feasible plan which suf^eata 
itself to my mind is to commence tie lunw, not to lay a new cable, 
but to place the Great Essteru under the cable at Valeniia, and 
pick it up at a rate pra|xjrtiuuaLe to the depth uf water from 
which it has tn be abstracted. 

On the Canxtmetion qf Submarine Cabtss. — I have to ubserva 
that their success defieuds uu such u variety of circumstanced- 
some of them exceedingly precarious — that the wonder is they 
have succeeded so well as ihey have done. Much, however, de- 
pends on the manofacture in the first instance, aud the paying- 
out iu the second. 

In tlie manufacture of a submarine cable there is no difficulty 
with the conducting wire, if mude ol pure copper; but the greatest 
care and caution should be taken with the insulator, to see Uiat 
the different coats of gutta-percha are pure, solid, and free from 
injury by the abrasion of the external coveiing when c<»npos6d 
ofstranda of wire cnnstitutiug the slrungth of tlie cable. 1o as- 
certain all these points a series of well- cod ducted experiment! 
were made upon the material of insulation, and to ascertain the 
different degrees of peruieability under gi-*^at pressure. As some 
of the results may he iuterestiug, I have tabulated them in the 
order in whicli they were made as follows. 

The following expeiimeuts were prosecuted at the request of 
the commission, with a view to determine how far the diOereut 
kinds of material proposed as insulating coverings for electric sub- 
marine cables were reliable when places! at the bottom of the 
ocean under the pressure of 8u[)erincumbeut presaore. It appear* 
that all insulators which have beeu subjected to experiment 
aljsorb more or less water ut:der pressure, even those that are 
closest in texture, such as vulcaDi^ftl imlia-rubber and gvitta- 
fterchn; and it appfnra that this ahsorittiuD increases thu longer 
the specimen is retained under water, the greater the pi-easure to 
which it is subjected, and the higher the temperature of the 
water in which it tn immersed. The very limited time which has 
been available for theao exi>enmentfl has preveuted my doing 
more than to indicate decisively these general facts, without de- 
termining the numerical relations of the quantities absorbed 
umler different conditions of time, pressure, ur temperature. 
Dut alreiidy the cxperimeuts puiut out a very important inquiry, 
some of the methods by which that inquiry may be prosecuted, 
and some of the couditions which must be attended to in order to 
insure reliable aud corresponding results. 

Oenerally in regard to insulating power the Tnn'oos materUls 
tried arrange themselves in the following order of permeability, 
the first absorbing least water, and the last absorbing most: — I. 
Chattertou's compound; 2. Gulta-| ercha; X Masticated india* 
rubber; -i. Vulcauiiied india-rubber; Q. Carbonised india-rubber; 
(3. Wmy's compound; 7. Unmaaticated boule india-rubber. 

The experiments on the insulating power of various cores 
under pressure are less complete than those on absorption, and 
have been prosecuted nnder greater difficulties aod less variety 
of condi lions. 

3o far as the oxperimenta go, however, Wray's core exhibited 
vary hijith insulating powers, retaining the charge longer than 
any other tried. Next in order to this may be placed a core of 
pure india-rubber coiled Id two coats over a wire, but this very 
rapidly lost its iosalatiug power under pressure. Tlien a core of 
pure gutta-percha cui-ecf by the Mackintosh process, and the 
experiments on this are perhaps the mnut Raliiifactory of the 
series; the prcmurc was retained upon the cubic for -406 houni, 
in wh Ich period it exhibited considerable diminution of iusulatinu, 
A core 01 twenty alternate coats of gutta-percha and Chatterton's 
comfiouud also exhibited good insulation, unimpaired after 
170 hourv' immersion. The experimeuts un a core subjected 
to pressure in an insulating lilfQi^ before being pkced io onr 
hands give nnomslous results. The intmlation iuoreased Instead 
of diuiiuiHhingas the liquid dissolved out. 

The 6r8t experimeuts liave for their object the determtnatiOD 
of the iuereas* of weight of various insulating materials when 
subjected to enonnoDS pressure under water. A aeriea of insolA* 
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tors were pelecled, such as gotta-perclia, india-nibber, Wray'g 
oompouod, CbattertoD^a compound, Tulc&sisod iodin-rubber, 
iodi&-riibl>9r wmponiided with carbon, and tnArJoe glue. Of 
these, anitable sizerl pievva were prepared and pliioed in a strong 
eteel cylinder, aod subjected to pressura by ineooa of a lever and 
plunger. Before their iutroductiou ioto the cylinder, and whUo 
dry, thej were carefnlly veighed iu a delicate balance. Then, 
afuu- being subjected to presaure for a shorter or longer period, 
aa the case might be, they were again dried on the surface aud 
immediately weighed. The iocreaiifl of weight due to the prea- 
sare under water, ia the raeasnre of the quantity of water 
which had been absorbed, or rather forced into the poree of the 
insnUtor. 

Fig. 2 represents the apparatus employed in Lhesa experimeDta. 
C id the large oytiuder of wrought-irou iu which the specimena 
were placed; P, ita plunger, S iuohes in diameter. Fig 4 shows 
tlie general arrangement of the apparatus. L, L, the large lerer; 
F. its fulcrum; and P, the pluugerof the cylinder C, in which 
the weighteil specimena were placed. The plunger is guided 
vertiaUly by the box B, B, foi-ming part of the general case or 
stami iu which the lever la pliioed. By means of weights sua- 
pended on the extremity of the lever, the requisite pressure 
oould be applied to the water in the cyliuder C. 

Tabu [. 
Fir§t Serin of Exptn'mcnta on Ah»orptiom, under a fmmtre of 2<t,000 U>, 
p<r pjvare inJt, reUuctd to 100 JwurV expotuTf and 10 tneha a«a.— 
Jttduetd reMtUlM. 



lonlMor. 



lodia-rubbor 
Indui-nihber with carbon 
Wray's compiiuiu] 
Gutta-percha 



20,000 
20,000 

20,000 

ao.ooo 






8 -720 
8-720 
8*720 
8*720 



'8J 

gfiri 

l|l 
;53 



100 
100 
100 
100 



li. 



10 
10 
10 
10 



J>3 



^s 



0-177 

0'056 

O'ora 

0*044 



Tlie temperature in all these experiments was low, aometimea 
seTenU degrees below freezing poiut. In the first experiment, 
with Wray^B compound, the cylinder when opened was found to 
be tilled with loose ice. 

Here ibe last column shows the gutta<percha to be the least 
aliHorbuDt, and the iudia-nibl)er iQunt no. Wray'a compound 
absorbed more than carbonised india-rubber, but less than pure 
india-ruliljer. The pure indin-rubber seems tn cnmbine super- 
ficialty with water, as the surfaoe bectmies white, either at purta, 
as ID the present experiment, or over the whole surface. The car- 
bon appears to prevent the formatioa of this hydrate, and at the 
same time redaoes the elasticity of the native rubber, aud eoablea 
it to be worked more kindly. 

la the next soriea the whole of the specimena were placed ia 
the same cyHnder,and reruaioed under pressure during the same 
period and under the same oouditionet. (See Table 11.) 

These tables show that, of all the substaucPB tried, native 
unniHsticiit'-d india-rubber abmrba by Gur the miiet water. Tlie 
whole surface of tlie specimen had loat ita black colour, and 
become whitened during the experiment. Tnkiug the mean of 
three experiments, very closely agreeing, we find that native 
iudia-rubl>«r after manufacture nbsorbii leaa water than in ite 
native alnte, iu the proportion 0*6^2 to 3076, or 1 : 4^. V'ulcauiaed 
india-rubber appears to be the leaat absorbent substance tried, 
but when combined with carbon it absorbs nearly one third more 
water (according to the results iu this table) than in its pure 
masticated state. Qutta-perclia aud Chntterton'a compound axe 
nearly alike iu their resistance to absorption, the latter being 
superior. In these experiments they increased in weight only 
one-half OS much aa pure india-rubber (luaslicated), and twice as 
much as vulc-aniaed india-nibb«r. Wray's compound ahftorlwd 
r&lher more than maatieated india-rubber. Marine glue lost 
instead of increasing ita weight. 

Comparing tl)e«c cx|*erimenta with the last, we find that these 
materials are far from following a law of simple proportion iu the 
amount of water abHurhed in different times. The present experi- 
meDta were made under a pressure of GdOO lb. per square inch, and 
laateil for a period of 4A0 hours. The lost were mode under a 
pi'easure of 1^,000 lb., and lasted loss tbau 100 hours. Iu the 



present experiments carbonised india-rubber absorbed seventeen 
times aa much as in the former; Wray's compound, tea times; 
gutta-percha, acvoa times; and masticated india-rubber only four^ 
times. Uence it appears that, other thiug? beiu>; equal, masti-J 
cated india-rubber would be most advantageous, aod cnrbomsed^ 
india-rubber least so, oa insulators; because, so fnr aa these expe^i 
nments afford data for geDerallaing, masticated indin-rubber 
follows a rate of afaeorptioa diminisbiot; moxt with time, and 
carbonised india-rubber least bo. This deduction, however, is 
complicated by the fact of a diOercncB of piesaare, and poaaibljr 
of temperature, in the two experiments. 

Table II. 

Sxptrinuna o» Afi*orption, nnder a freMf ure of 6000 S>. and at tit 

ordinary tempertHurt,-^ t,_. .... _. .....j .. m .•_.* 



-Rtxwlft rtdwxd to 10 imeht$ ores. 



t 



1 

4 

8 

9 

10 

II 

7 

2 

33 

14 

.'> 
13 

6 
12 



liuolilor. 



luitia-rubber omuairtioated 
Imlia-rubbcr nuwticated 

Ditto ditto 

Ditto <litto 

Ditto ditto 

India-mbbcr vnlcuuaed 
India-rubber carbonised 

Gutta-percha 

Ditto 

Ditto 

Wray's oompound 
Ditto 

ObattertMi's compound 
Ditto 



II 



6,900 
fi.KO 
S.DOO 
fi,900 
5,000 
S,I>00 
9,1)00 
5,600 
6.90O 
5.900 

fi.OOO 
5.900 

6,900 
6,900 



*P 



2-575 
2-575 
2- 675 
'I -675 
2-575 
2-675 
2-676 
2-675 
2-676 
2-675 

2-575 
2-675 

2-676 
2-676 
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450 
450 

450 

450 



<B 



»07S 

0-033 

0-63«] 

0-700 

0-711 1 

n-i4« 

0-080 



^1 



0-750 ) a 

u-700 ! X 
0-37611 



The order of merit !d resisting absorption, as derived from 
this series of experiments, is: — 1. Vulcanised iudia-rubberji 
2. Chnttertori's compound ; 3. Gutta-percha; 4. Masticated indiapj 
rubber; 3. Wray's compound; 6. Carbonised india-iiibber; 7.' 
India-rubber, not maj*licate<i, 

The next series of experiments was made under greater pressure, 
but in the samo manner and fur Uio same period of immersion.^- 

TjLBts IU. 

Third Reria of ExpmiMnU on Atttorptivn at ordinary rcmprrofwres. — 
ittdmeiion ofmatU (o 10 tnoliei arta. 






Q 
7 

8 
9 
10 
6 
I 
2 

3 
4 



luslatar. 



Raw lodia-mbber 
Masticabod inilia-rubber 

Ditto <Iitto 

Ditto ditto 

Carbonised india-rubber 
Gutta-percha .-. ... 
Wmy'a oomjxiuiid 
Ditt^> ditto 

Oliatterton'B compoood... 
Ditto Uilto 



15,000 
1 f'.OOO 
15.00(1 
15.0OI 
16,00c 
16,000 
Ifi.OflO 
16,000 



ill 



fl-54 
'(■54 
«-54 
fl.54 
fl-54 
6-54 
H-S4 
«-54 



16.0001 6 -54 
16,000 6-64 



460 
450 
450 
450 
450 
450 
450 
450 

450 
450 



10 
lO 
10 
10 
10 
10 
10 
10 

to 

10 




The tempemture during these experinieuts waa generftllj^ 
lower than in the second Bfries, being frequently at the freeziDgi 
point. There was loose ice in the cylinder when opened.^ 

The higher preaaurea in these experimenta aeem to bring out 
more decisively the differences in the amount of absorptJoD; but 
it is remarkable that while the relative absorption does not 
widely differ, and the order of the insulators in their resistanoe 
to absorption is the some, the aboolute qunntity absorbed under 
greater pressure is less than iu the previous series of experiineDtr * 
The only discrepancy between the two series of exfierinuQtii I 
the relatively low ubeorptiou of masticated india-rol^wr. 
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The order of merit or power of retistj aa abeoiptioa is, in tbese 
experimenta: — 1. Chattertoo'a oompouna; S. Gutta-perchn; 3. 
MuticaUii iodia-rabWr; 4. Cu-bouis6d iodui-rabber; 5. Wn/s 
oompoaod; (j. lUw india-rubber. 

The last iu tbis nvrira abcurbud twenty -seven timoa as much aa 
the firat; gutla-peroha uud Cbattertou'a coiupotiud hold, tut 
before, Uie highest place, but the auporioriby of the Utt«r waa 
more uiaiiifest — it biul Itecome whic«iio<l at tlie atirface, but appa- 
rently the water had peotitml^d the tbiDnesl possible film. 

The Dcxt experiments were made with a riew to determioe 
the effect of temperature on the absorpttoo of water by these 
iosiiUt^ira. lieoouree was bad to the small cylinder c, Fig. 4, 
which was surroDoded by the water bath b,b, maiulainetl at a 
tmiform temperature of 100 Fabr. by tlie goa jet jr; t,t, it the 
thermouK^ter. The lever by which the pressure was applied to 
the plunger is showD at L, h, attached to the firm cast-iroa 
base A, A. 

The lUtferent suliatAnoea were trieil separately, aa in the first 
•eries, and ihc weighings were repeated at intervals. Doriop 
the night it was necessary to remove the gas jet, as the uut- 
furmily tif temperature cotiUl not be depended upon; hence, for 
half the pcriud u( iuimeraioo the spccinjeos were at a tempera- 
ture of AD' only, and for the remainder at the temperature of 
lOu.** The loss of weight after removal fmm the cylinder, 
iu consequence of tliu evaporation of the water abaorWd, was in 
these t^xiMTinicntsnottidfaud it waa found the a|teciineus deci v a flo d 
in Weight Ijelow their original vroiglit when dry. 

In the whole of these experiments the pressure was 20,000 lb. 
per square inch; area of apedmeos S square inches, aud thickneoe 
about ^-inah. 

Tadlb IV. 

FourtA StrUa vf Expfrimtntt om Aluorptum at imertoted Umperatun.— 

BtJnUu reduced to 100 h/mr$ amd 10 imeKtt tfrvo. 



water imbibed is safflcicot to carry off tbe whole or part of the 
voltaic cnrrent, and whether the passsge of the citrreot throoyh 
the insulator wniild accelerate, in turn, the oxidation and conse- 
quent destruction of the conductor. To solve these questions 
we riHiuirc, in my opinion, a long series of carefully conducted 
experiments, which would lend to give a reliability to these 
important undertakings which at present they have not altaiaed, 
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Outta-percha 
ladift-mbbcr 
Wray's cuniMuod... 
Chattertoa's coto- 
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20,000 
20,000 
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20,000 
20,000 



100 
100 
100 

100 

100 
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10 
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10 
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027 

0-45 
0-68 

oao 

o-ao 



! 
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r 



3-61 
Ot»7 

oei 

0-60 
227 



Comparing the numbers in this table with thoee !n the first 
aeries, which were made under precisely similar conditiona in all 
reepecta, except tem))emture, which then did not exceed au 
avenge of 40" or 45° Fahr, it becomes evident that temperntnro 
baa a considerable effect on the amount of water absorbed. Thus, 
gotta-percha at 45^* absorbed 0-044 grains, at 7A", 0*27 grains, or 
six times as much. In like manner, india-rubber absorbed 0-177 
grains nt the lower temperature.and 0'4-5atthe high'^r.or 2^ times 
u mucli. Wray's compound fr072 at the lower temperature, and 
0'68 at the higher, or suveu ttmfs aa much. 

Reasoning npou the forgoing cxpeiimonta, a qurstiou arises, 
•a to the ratio or qnantity of water absorbed in different times, 
and the oomlition of tbe siwctmeus after a much more lengthened 
imueraton. The present expe imcnta, although showing the 
relative permeability of different insulators, do not hfford data to 
determine the ultimate condition of the material intended to 
mrround and iosnlftte the conducting wires of the electric cable. 
To ascertain thei^e ficta a much mure enlarged sones of experi- 
meota is required, exceudiug over a much greater length of time. 
If for example, gutta-percha absorbs '012 grains of water in 100 
boars, under a pressure of 20,OiiO lb. on the square inch, we want 
to det«rminfl the corresponding quantity absorbed in 1000 hours; 
and further, ni what period will the coniinuous ahaorption cease? 
These are questions of viul importance as regards the porosity 
of the H|iecimens; and whftn aaoertained we should still require 
to know to what extent the insulation of the electric current 
would be impaired in the cable saturated with moisture. 

Sboold our best insulaters, such as Chatterton's compound or 
gutta-percha, aa given in tbe experiments, arrive at a point at 
which they wiU absorb no more water under a given pressure, it 
then becomes neoefliary that we should aaoorUun whether the 



ON CHAIN TESTING MACHINES.* 

By Sir W. G. AutsTROiro. 

The engineering firm of which I am a member having been 
entrusted with the construction of the apparatus for teatiug 
chain eablca and anchors, lately established at IJirkcohcad by the 
Mersey Harbonr Trustees, bad occasion to enter into a very 
cirefbl consideration of the coDditions requisite for effecting the 
ofMrution in the beat possible manner. As public attention has 
been forcibly directed of late to the importance of more accurate 
methods of testing chains and anchors, a few observations on the 
subject of the Birkcuhead machine will not at the prfsetit 
moment be mistimed. 

The most important consideration in the construction of a 
chain testing machine is to obtain an accurate indication of the 
stmin upon the chain. The hydraulic preM has been for many 
years the appliance universally employed for exerting the nirain, 
and nothing can be better filtol for the pornnw; but th« m/.'lhcMi8 
of determining the amount of the straiu have been extremely 
imperfect. Moit commonly the strain has been estimated by the 
indications of a mitred valve pressotl down by a lever and weight. 
Tlie impossihility however of restricting the tightening surface 
of tlie valve to a definite auuular line, so as f > exclude any 
variation of area, rendered this mode of indication highly delu- 
sive; so mnoh so indeed, that the attendants generally paid more 
regard to the indication afforded by the crackling of the seats on 
the surface of the iron than to the amount of load npou the 
Talre. By anbstituting a loadtnl plunger for a loaded valve, the 
uncertainty arising from variability of surface is obviated, but a 
plunger reqixires a packing to make it watertight, and the effect 
of the friction of this packing has to be considered in relation to 
the friction of the preas. A plunger without friction would give 
nntrne indications of the strain unless the press were also without 
friction: but friction cannot be avoided in the press, and there- 
fore friction becomes a necvaaary elemeut of accuracy in an 
indicating plunger. To make this mure apparent, it is only 
neoesaary to consider that in the press the friction of the packing 
leasens the tension exerted on the chnin; while in the case of the 
indicator the friction of the packiutr lessens the weight neoeeeary 
to in^licate the pressure. If therefore these two frictions be in 
harmony, the load on tbe indicator will be diminished in the 
same proportion as the tension on the chain, and thus a correct 
indication of tbe strain upon the chain will bo obtained. 

The proper and usual packing for the hydraulic press is % 
eupped leather; but as tbe lip of the leather is pressed againat 
the surface of the nim by the action of the water, the amount of 
its fricti.^n varii^s directly as the premure. It is therefore necea- 
R.iry that the indicating plunger shouM also bo packed with a 
cup^tcd leather, in order that its friction may likewine vary 
directly as the pressmti. But as the ratio of circumference to 
area is very much greater in the small mm of the indicator than 
in tlie large ram of the press, it is obvious that with similar lea- 
thers the relative friction would be widely different in the two 
cases. The (Viction may howe^"er be brought to a proper adjust- 
ment by reducing the breadth of the lip in the leather of th« 
indicator until its friction is in nnison with that of the press 
lesther. This adjostment should b« made when the press ram 
and the indicator plunger are bcth perfectly clean and free from 
any lubricating substance, and in no subsequent use of tbe 
machine should cither oil or grease be applied to these parts. 
The effect of employing a lubricator is to diminish the friction in 
the first instance, but afterwards to increase it, because tbe 
tinctuons character of the lubricant Is soon exchanged for a 
stickiness, which produoee aJi opposite effect. In biot, when 
gresas or oil are used, the frictions beoome so irregular as lo 
render Impossible an accurate correspondence between the press 
and the indicator. 

There is soothsr deefderatum in the testing of chains, which 
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rMQirea a farthar olaborAtioa of the indicatiDf^ apparatus. When 
a chain biiiakft in the test, it ia desirable to iliow, not ouljr tliat 
it failed to bear the full teat straio, but also what was the amooDt 
of slmia exerted at the moraeot cf fracture. Id the ciisc. of the 
BirkctilieaJ machine, various iudicaiora upou the priociple of 
those comniuiily aited for steam iireiwuie weru tried, for the pur- 
pow of etfectiiig thii latter oDjcct, bat dodo of itieni gnve 
aatiafjuTtory reautts. An apparatus was therefore designed fur 
this object, which has since come into very jroiieral use, nuder 
the DBEue of iho Peudulani Indicator. In thia appAratiu the 
presaure upon the indicatiog plunmr ia «xhtbited by the traret 
of a pendulum through a gradaated are. The moToment is oom- 
municatcd from the plunger tn the pendulum, tbrouj;h the 
medium of a compound levur. When a chain breaks, the peudu- 
lam GUIs back until stopped bj a ratchet, bnt leaves a marker at 
the exact point on the scale attained by ilie pendulum at the 
moment of rupture. 

I Uiive hitherto spoken of friction only in reference to the 
poeking of the apparatus. This friction, as I have already atate«l, 
varies with the pressure, but there is also the coastAOt fiiction 
due to the weight of the moving parta to coneiider. If the 
machine be used exclusively for high Hlraius in relation to its 
weight this constnnt friction wilt be QDinjiKirtant; but if a boavy 
msoniue be udcd for testing light chains, a coneidernble element 
of error will be introduced, uul«ss a proportjonato friction of the 
same constuut character be added to the indicator. Still, 
however, it is better tluit very heavy machines should not be 
used for testing light cliains, unless tlioy be coustructeil with 
more than one press to act separately for light cb:uoB, and cou- 
Joiutly for heavy chains. With this view the Birkeiihea*! 
machioQ has three presses, the centre one being ufted alone fur 
light strains, and toe three acting in concert wboo great strains 
are to be exerted. 

Although an hydraulic indicator, properly constructed and 
correctly adjusted in regard to its friction may bw safely relied 
upon as indicating with aufficieot precision tlie strain exerted by 
Uie machine, yet for the pnrpoee of ascertaining in the hrst 
iuitauce when oomci adjustment has lieen attaintd, and also of 
detecting any discrepancy which may subserjueutly arise from 
dirt upon the ram or plunger, or from any other cause producing 
irregular friction, it is necessary that every niachioe sboald be 

Smvided with b lever indicator, to which the chain may be 
irectly applied, and the strain aacertained by the lifting of a 
weight. Such an apparatus requires to be accurately fitted with 
knife-edge bearings in order to afford delicate indications, but, as 
these are liable tu deterioration by too frecjuent use, it is better 
to reserve the lever apparatus as a standard of reference for ad- 
justing the hydraulic indicator, which is not liable to deterioration 
by use. It in not necessary that the lever indicator should range 
as high as Iho hydraulic indicator, for if the two indicators regis- 
ter alike throiigli a sullicicnt series of the lower strains, no 
(liaerepnijcy woiild t>e manifested if the comparison were corried 
to tlie highest powers of the machine. 

I may here mention thnt nothing no soon deteriorates the lever 
apj>aratu8as inadequate length of the kuife-eilgeH in rel.ition to 
the strain uf)ou theni. The conclusion arrived at in the KLswick 
Works is. tnat not lees than one inch length of edge should bo 
allowed to every five tons of strain upon the bearing. 

In the arrangement of a public chain testing establishment 
it is deairablo that the apparatus fur the vanuus operations should 
he placed in such succession as will allow the chains to move 
from process to process without any retrogreasiou. The Birken- 
head chain testing establishment commences with a store-room 
for the reception of unproved cimius. Krom tbe storaeach chain 
is dragged by a steam power capstan through an opening in the 
p&rtitiou-wall on to the testing-bench of the machine. It is there 
made fast at the one eud to the press, and at the other to a cross- 
head supported on live rollets, which cruss-head may either abut 

riust a stop or be connected with the lever indicator. After the 
in has been proved it ts dragged by a second capstan directly 
forward in the same lino into the exnniining room, and there 
stretched upon cno of the bruclicH, where it undergoes a cIomo 
inspection. If found perfect it is then hauled forward by a tliini 
caiMtan through the heating oven and bUckiog trongh, and is 
thence passed complete into the delivery store at the opposite end 
of the establishment. Thu course of the chain Wing ihtis in one 
straight line, it is necessary tu carry it over the tnaehinery at each 
end of the testing-bench, and to accomplish ibis a channel of 
wrought-iroD is fixed over the maohinery to support the chain in 



its passage. Should the chain fail in the test, or be foand defee- 
tive on examination, it is drawn off by one of the carxstans to 
smiths' 6res placed on the floor of tbe examining room, and, aAer 
repair, is again hauled to the testing-bench for a second proof. 
For the convenience of handling heavy chains at the smitlia' fire* 
an hydraulic crano is connected witli each lire. Between the 
testing and examining rooms there is an intermediate mom called 
the indicator room, in which the lever and hytli aulic indiratora are 
placed, anil the valves of tlie apparatus mauipubtted by an 
attendant in view of the indicators. Anchora are received into 
tbs sams stor»*room as tho chains, and the nsunt appliances are 
provided for fixing them in the test. Overhead cranes are em- 
ployed for lifting the anchon as well as for lifting the chains in 
tbe two stores. There are two testing luachine* iu the esublisb- 
ment, fixed at opposite sides of the room. These are similarly 
arranged in every respect, but one of them is adapted to test up 
to a strain of £00 tons, and the other to 300 tons. The hydraulic 
pressure is supplied from a neighbouring accumulator usud for a 
system of hydranlic machinery at work in the adjacent dock. 

As the general practice i» to make chain cable in lengths of 
fifteen fathoms, tlie Birkenhead machines ore adapted for that 
length. The Board of Trade have recently fixed upon thatlengtli 
as the limit of length of chain to be tested at one time. Tfa* 
propriety of their so doing ha±i been called in question, bat I may 
state that it is the opinion of those persons who hove the manage- 
ment of tbe Birkenhead machines, that no advantage of any kind 
would be gained by testing chain in greater lengths. If there is 
to be a limit it is dear that such limit is best fixed at the length 
at which chains ore uanally made. 

There is basidea a positive objection to exceeding that limit, 
because a greater length than fin«eD fathoms cannot be tested 
without ilie use of Intermediate supports, which, whether they 
be slides or roUera, are objectionable, as being liable to prodnoe 
Tariatious of strain in different parts of the chain. Another, 
objection to permitting iudetiiiite lengitis of chain to be tested at i 
one time arises out of the stretch tu which chains ore subject in 
testing. Tbid stretch occasionally amounts to five feet in fifteen 
fathoms, and if tliat length of chain were greatly exceeded it 
Would involve a pn'ss of very inconvenient length, or neceasitat* 
taking re[)eated holds of the chain, which would be highly ob- 
jectionable. I think, therefore, that the Board of Tnuie hars 
acted wisely iu imposing a limit, and iu fixing that limit at 
fifteen fathoms. 



ON THE OUTER COVERING OF DEEP-SEA CABLESi* 
By C. W. SiEJiics, C.E., F.R.S. 

Trs want of sacoess which has hitherto attended deep aaa , 
cables renders it, perhaps, desirable thnt the attention of tbia 
section should be called to the subject We are able, at present, 
ta point to shallow sea Hues, such as the Dover and Calais. Port 
Patrick, Donaghadee, and the Dover and Ooteud lines, which 
have lasted above fourteen years, uikI in which the e]ef^t^ic ooij- 
ductora together with their insulating coating remain to thia 
day unimpaired, although tbe thick iron wires which constitnt« 
their outer covering are greatly diminisht^d iu sti'sugth through 
oxidation, and have oivea rise to occasional rei>aira. 

It haa, moreover, Been proved beyond doubt, that the great 
hydrostatic pleasure upon deep-sea cables does not deteriorate 
the insulated conductor, but, on the contrary, greatly impi-ovea 
the iusolaiion; and, as regards the dumbility of the outer cover- 
ing, deep-sea cables have the natural advantage over shallow 
sea lines that they lie u|>on trauijuil ground, Cir beyond the reach 
of current.i, of .iccldental disturbances through ships' nnchots or 
the coral fisher's hooks, aud, to some extent at least, beyond the 
leich of animal life. 

The drawbacks to these advantages are, that the risk of aoct- 
dent is grpater in laying down deep-sea lines, and ibst when 
laid they arc leas accessible for repairs; but these ciicumsLances 
do not suffice to account for the very rapid failure of those de«p- 
sea cables which had been suooesafully submerged; as, for 
instance, the first Atlantic, Che Toulon and Algiers, and other 
liues in tbe Mediterranean. ^ 

But why, it may be asked, .ire deep-sea cables not precbelj ] 
the same as shallow sea or shore-end lines, seeing that the latter 
have given proof of greater strength and darablUtyl Th« 
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answer ii that the la^iDg of a heavy iron-dad cable into deep 
aeas would be attonded with j^reat risk, because tlie retardiog 
force which has to be applied to a cable in going overboard 
increaMB with the depth (or length of auipeudcd cable), and 
would amount to several tons; tu^ steamers would bave to Liu 
applied to assist the cable ship, and any stoppage in the opera' 
tion thmogh the breakage or entanglement^ of a wire or other 
cause, might M-riouidy cntnpromise the safety of the oable and of 
the ahipa Ibcuitielvuri. More^iver, di?op-sea oable« are geuerallr 
lonz cable?, and Bhi]M could hardly be found to carry a heavy 
cable of the requisite length in one piece, nor could it be joined 
with safety ou the upeu seas. Ttie risk of breakage of a heavy 
deep-sea cable would also be grent, because the thick iron wires 
compotiug the Mtme could hardly reach down to the bottom of 
the North Atlantic without breaking by tbeir own dead weight. 

Considering ihette circuuistances, it becomes evident tfiat the 
strength aud permnueiicy of a deep-sea cable cannot be attained 
by thick iron wires, bat that other materiHls and modes of cou- 
simctiott mast be had recourae.to. 

In revinwins pnst experience we find that tn the case of the 
Vamn nnd Bal»klava cable (3()0 miles), which waa laid in 1858, 
DO sheathing of any kind wait applied lu the insulated conductor. 
The oporatifin of [jaying out wan accomplished with great ease 
and Huccesti by Mesars. New^iU, and the electriod communicntiuu 
waa kepi o{>eu for nearly iiinQnioutb.H, when it suddenly ceanod, in 
consequence eitlier ufchatiug against rocks or shells, or the tooth 
of the teredo. 

Several cable* were laid in the Mediterranean in I8dA and 
1856, consisting of an insulated conductor covered wttb strings 
of tarred hemp, which was laid on in the munoer of au irvn 
sheathing. A dilHculty was experienced in laying this descrip- 
lioo of Cable, owing to its exceiuivu specific lightness and rough- 
ness of surface, which combined to make it sink ao very slowly 
to the bottom, that it w.is pnid out, as It wure, in a straight line 
upou the aur&oc of the w.-iier, .ani) although no brake power 
whatever was applied, not sutKcient cable would leave the ship 
to cover lilt' irregiiUrities of the bottom. 

Thin tightening of the cibte, when laid, was further inereaaed 
by the abrinkago of the hemp strings in the water, and more- 
over by the action of local currents in the %'ater, to which the 
oable remiuned exposed for a long time during its descent. The 
ooneoquenee was, that the enable Btrninutl aud hi-oke during the 
operation of laying, or rather immediately after. In raiding thix 
cable a few months later it was found, moreover, that the hemp 
bad engendered millions of small marine insects of a peculiar 
kind (the Xelophega according to Huxley), who had not only 
completely destroyed the rope, but hod enleu deep holes into the 
ffuttii-percha, without renching, however, the copper conductor. 
This action hod been accomplished ax, a depth of from ;}00 to 
600 fathoms. 

Several heavy iron-cove: eil cables have been laid into mo«1e- 
rntely deep water in the Mediterranean, some of which were laid 
euccessfully, though at great risk, and with great loss of cable, 
and hav. worked f«r several years before giving way. The most 
remarkable is the Si>e£zia and Corsica cable, which consisted of 
six insulated conductors, served with tarred hemp, and sheathed 
with twelve galvuniscd iron wires of three-tenths of an inch dia- 
meter, producing a weightof?^ tons per mile of cable. This cable 
was laid in 16^4, in a depth of 60(.t fathoms, aud remained in 
good working order till 1863, when it failed. 

The Red Seti and Indian c»ble oan laid succcBiifuIty in 1859-60, 
but failed after nine months' cxpoeurc to the sea-water, when it 
was fnuud that the iron sheathing, consisting of sixteen wires, 
and weighiu>; S toon per mile, bad beeo completely ourroded 
through iu placea. 

The first Atlantic cable, wbicb waa laid in 1857, had a sheath- 
ing of a pecoliar form, consisting of 120 thin charcoal iron wires 
of Na SSi B.W.G^ giving it great relative strei'^th during the 
prooeas of laying. Considering, however, the Urge expo8ure of 
iron suHaoe to corrosive actiou of the sea, this cable must have 
failed a few weeks after submersion if the insulated conductor 
htnl not beeu so defective in itself as to render the cable un6t fur 
regular telegraphic communication from the fiist. 

Another type of sheathing for a deep-sea cable is that which 
waa adapted for the Tonlon aud Algiers lino iu IStiO; it consisted 
of ten steel wires of No. 10 B.W.G., each of which bad beeo pre- 
viously covered with tarred hemp, fnr the purpose of giving it 
additional strength and protection agaiust oorroaioo. It waa 
proved by experimenta that the strength of each steel wire was 



increased to the full amonnt of the strength of the hemp serving, 
or about Hi per cent., while at the same time the spociiic gravity 
of the cable was greatly decreased, and its descent through the 
water inrtber retarded io conseqnence of the rough surtJEice the 
hemp serving presents. 

The insulated conductor of this cable was well proportioned 
and carefully teftted, and its sheathing was found to b«f such that 
a moderate brake pow«r siifficcxt to prevent ila runniug out too 
fast in the laying, while at the same time the cable ucsccnde4l 
with Butlicicul rapidity to provide the necesaaty slack (about 
12 per ceut.) 

Thus far the compound sheathing of steel and hemp had 
proved a complete sncce^, when about six mouths after its sub- 
mersion the continuity suddenly ceased, and In endeavouring to 
raise the cable it was found that the marine insect, Xetophega, 
had again douc the work of deatruciicu, liuviug completely eaten 
the hemp iu many places, and left the steel wiree like a loose 
cage around the insulated conductor, fully exposed to corrosive 
action. 

These repeated failures of the onter covering of deep-sea 
cables led the writer to device one which oombines tlie requiaitM 
of low specific gravity aud relative strength with greater dara- 
bllity than could theretofore be attained. A cable of tbia 
description actually forms an important link in the telegraphic 
chain which now unitem Fnince with its Africao dependency, 
and ia, therefore, practically entitled to consideration. 

It couaista uf ibe ordinary insulated copper conductor, which is 
covered in one pmceaa with two layers of be«t Italian lieiup 
moderately twisted iu op(X)site directions, and lastly, with an 
outer binding sheathing of cop)>er, which is put ou under great 
preainre, an<l in sucli a manner that the copper strips cuuposing 
the same overlap, aud are, as it were, morticed into one another, 
producing practically the effect of u complete flexible tube- Kaqh 
string of hemp is put on in the macbiuu under an equal strain, 
which giveji to the rojw a strength fully equal to the sum of all 
its oonstituente. The metal of the outer sheathiug is copper, 
mixed with about one-fourth per cent, nf phuaphurus, which 
im))arts to it greater tenacity aud an increast^d power to resist 
oliemicat action iu the sea-water. Insteitd of copper, zinc has 
sometjmea been used, which also resists sea-water in a lemark- 
able degree. 

The hemp gives grtaX relative strength to this cable. The 
Algeria cable with an outer diameter of ouly half an inch, bears 
a strain exceeding 1^ ton; nnd a cable of the dimensions pro- 
posed by the writer for the Atlantic, having a diameter of three- 
qturters of an iuuh, bears between 3 tons and 4 tons of longi- 
tudinal stnun before breaking, or fully ns much as an irou- 
covered cable of tlie same diameter, while its weight in sa^waler 
is from five to six times less. 

The machine used in the manufacture of this cable presenhi 
several novel mechauical combinations, which the writer will, 
however, paas over, in order not to widen the sabject of thia 
paper. The pecnliar properties of this cable, as contrasted with 
the ordinary cable, with helical or spiral sheathing, are as follow; 

1. The abeolute strength of this cable can be increased to any 
desired extent without a<1dlug to it« weight in water, the hemp 
being very nearly of the same specilio gravity as the water itself. 
Considering p:wt experience, a specJIic gravity of ij, and a 
strength 8uffioit?nt to support from ten to twelve miles of weight 
of the cable in aea-water, appears ilesirabte. 

2. The elongation of this cable under half its breaking strain 
does not exceed one-half per cent., and lias no tendency t4> 
untwist when saspeoded from one end; whereas an irou sheath- 
ing cable (or a cable of the Tuulou aud Algiers type) will eloiigat* 
from 3 per cent, to 4 per cent under aimihir circumstances, aud 
partially untwist at the aomc time, because each wire tends to 
assume a straight line parallel to the axis. This elongation 
throws a great and dangerous strain upon the insulated con- 
ductor, which will be permanently elougnteii and disposed to fall 
into kinks at the bottom. 

3. In the manufacture of iron-clad cables the insulated oou- 
ductor frequently gets injured through the breakage of a wire or 
the carelessness of workmen in nmking welds, «nd the cable, 
when manufoctured and in the very act of being paid overboard, 
may be iKuotratwl by the sharp end of a broken wire, as has 
roost uul'ortuuntety happened on a reoeut occasion. The cupper 
sheathed cable precludes aliuoat the possibility of any such acci- 
dental injury; the insulated conductor, after being carefully 
tested, passes through the sheathing machlae, where it receives 
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iii>ot)taiieouHlj iUi double bemp coveriug nnd complete nieUllio 
arxitour co&Lio);. It i» wurtliy of remark that tlie iuautation 
reaut&Dce ot the core iDVuriably iDcreasea iu reoemog the armour 
coat, owing, it appears, to the external pre&aare produced, and 
lliBt not a aiogl« fault of iDGiilation has ever occurred ia tho 
cable during the proceasea of shipment and Bubniersion, 

4. The dnrability of the copper-sheathed cable baa already 
been proved by experiment aud in actual practice. A cable 
wbicli had been laid in 1^64 ia the Medit«rnuiean, from Oran to 
('arthagena, waa partly raised agnin nine montfaa later, in conae- 

auenee of an accident of a purely luechanicnl nAttire, from a 
epth of 1500 fathoma, wheu it waa found to be in a perfectly 
g<)i)d cocditioD, tho ineotation and the strength of the bemp 
being unimpaired, nnd the copper abeaUiiog being covered by a 
tbin green scale of chloride of copper anu oingncaia, it is aup- 
jioeed, which appear* to have arreatcd further chemical action. 
Tho cable bo recovered, aud of which a sueciuieu is exbibit«d, now 
forma part of the bne coniiectiug Sicily with Algeria; whereas 
tbe irou-tlitiathud shore end, wliicii waa alau recovereil, was foond 
to be unlit for further u«e, beiug much oori-odod and covered 
with coral growth. 

C. The copper-sheathed cable is tneobanically well nuited to 
the operations of laying, it ia extremely flexible, oecupiea relatively 
littt* ap8C« in the ahiji'a bold, and glidea smoothly overboard, 
without the least rink of catching by broken wires, or of formiug 
into kinka, or untwisting under strain. It offora remarkably 
little resistance in the water, and can be recovered from the 
greatest depth at the mt« of one knot per hour. 

It has been objected that hemp rope cuntracta very consider- 
ably (about 3 [wr cent.) upon being immersed, and that the copper 
•heatbed cable must be liable to the aame injurious effect While 
fully admitting the general [)rupOHitiuu, the writer ha» no difB- 
oalty tn show that it does not aj'ply to the cable in question. 

It will be seen from the experiment which will tie ahown to 
the meeting, that although a twisted bemp rope couiracta npini 
being mniotened, a single hemp fibre takon from the aame rf>p« 
actually elongates under the aaaie treatment, the retisou being, 
aa it appears to the writer, thiit each herop fibre couaiata of a 
i«eri&s of cnllapftcd tubes between knots, which, upon filling with 
water, atntighten from knot to knot, aud lhereror« slightly aug- 
ment the total leuglb; whereas the wkuie tihre, if wound apirally, 
will I'educa tbe length of tbe spiral in c^iuscijuenco of ita increaae 
in liiameter in filling with water. Proceeding from this oousido- 
mtion, hempyarn of little twi^it ia UEwd in the manvifactiire of thia 
cable, the cop))«r sheathing binditig the fibrea HiillicieuLly u> con- 
tinue their atrength, and the result ia that its leogch remains 
ptuclically the same upon being immersed. 

Iu drawing this paper to a ooncloaion, the writer feels that ho 
haa laid himself open to the charge of partiality in favour of one 
particular covering, but his excuao is Utat he oould uot have done 
otherwiae without doing violence to hia oonvictiouH, which bow- 
over are open to criticiam. So much will, be thinks, be readily 
conceded, that the lailare of deep-aea cables haa hitherto been 
mainly due to the mechanical imperfectiona and portah.'ible nature 
of the outer 00%'eringn. The unfortnnitio attempt to eatabliah 
telegraphic communication with America goee 10 strengthen this 
proposition. Both tbe insulated c<.>nductor and tbe paying-out 
machinery bad been prepared with extreme oare; tbe great ship 
was well adapted to its important work, which in all hDoian 
probability would have beeu crowned by suocess, but for the 
unfortunate injuries which the inautated core received tbrongh 
tusutiicteut protection. The recurrence of Uie same kind of acd- 
dent may perhape be avoided by special care; but there remains 
the dangers of kinks at the bottom, through the untwisting of 
the ro|)e while in suspeoaiou, aad, moat of alt, the queatiou of 
dnrability, to be disposed of 

It has been maintained by some that the outer covering of 
deep-sea cables ia uuty of nae for anhmerging the aame, and that 
its decav at the tranquil bottom of the oeeaa could uot hurm tbe 
insulatioo; but such a proposition is diapoaed of by experience; 
sod it ia indeed natural to iupfHiae that tha sheathing muat give 
way in ancb placea where it rexts upon a stone or gentle olcvntioa 
of the ground, and is moat exposed to chemical action. Upon 
giving way tbe cable will sink, to take new bearings, and cause 
the unsupported insulated conductor tose]>8rate. It may, nn the 
contrary, be maintained that a penuanent metallic abealhing is 
requisite to enanre tbe success of deep-aea as much as of shalluw- 
aea cablea. 



THE WROUGHT-IRON ROAD BRUXSES OF THE 
CHARING-CROSS RAILWAY. 

(Conctiided from p. 270.) 

Mr. Faensiuc C. Urrnnine, referring to Kg. 7, Plate 20. said tae 
believed it represented a bow and string biidje, bat belor* he proceeded 
further be would be glad to be infonnod whether it were a bow and 
atriog bridge in tbe true aenae of the tenu. Lj a bow and string briilga 
be undantood a bridge formod nf jfirdera. in which the lop member was 
ooiDpomd of a oolumn capable of supporting com|ires!)ion, and of such 
■hape that it should contain within it^ or neariy so, the cur>-« of eqaiU- 
brium due to tbv weight upon it. This top member sbuuld in fact 
constilutv an amb; dinering from an ordinary arcb in tbti fitct thai ' 
iofltesd of the borizontal stnuns being taken by the ahutmentJi they| 
should be resisted by a tie rod or bottom meml>er. H« (Mr. K«ytio1ds^ ' 
bad no doubt the bridge in question waa a well-de«i(;aod bridge of its 
kind, and capable of supporting any load that might h» put upon it 
under ordinary eircunistanocs, hot nevertheleas be believed be could tbosr J 
that a bow and string girder was not of as eeooomical a form for h brid^>«l 
as a girder projierly ro called — i.e. a warroQ or a latlice gininr. In Uie 
case of a bndgv under tlie moat f&v'oural>l« circunistAiiceB, Lbu bow should 
have a carve ooircepondinff to the curve of e<iuilibrium du* to the weight, 
carried by tbe bridge (expuiiued by diagrams). In a bridge with a bon 
and string girdor of the simpleat form, tbe top member must be equal is' 
section tbroughoob, or rather inoreaaed towards the ends, and would 
have the same section in tho ceutre as a warren lattice or |>Ule gtrdw 
would have in the top and bottom member, bat there waa this important j 
ditfareoos, that in the oaa« of tha warren lattice or plate girdtr. the lo^ 
and bottom member would, nnlike the bow and string, oe diminish* 
towards the eiidj>, so that the top member of an onbnary girder wool 
eoDtrin only two-tliirda aa much iron as the top member ot a bow and 
■trin^ girder; and tho tie, under similar circunietancws would bo oona* 
poMiaaf only two-thinls the anvmnt of iron »a would be in a bow and*) 
string, and Uie diagonals of, say a warren girder, would not do more tban 
make up tbe top member oqunJ to that of a bow and string. Under the 
very bevb circumitancci^ thorefore. tbe bow aud String girder must be , 
heavier thao an ordinary ginler even without the diagouala, which musti 
be provided for paaaiog biada. It would appear, coDsoqncotly, that m 
bow and string girder considorrd in the aTistrsct could hardly be oon- 
sidered aa economical, and therefore advisable form, unless there ba 
some special reason for its adoption. 

With ro8{iect to tbe joint pla of a warron ^rUn, ba bad odeo fooml 
that the surfoctt of the pin waa inadequate to sustain the preisurc brought 
upon it, or that would be brought upon it ttefore this pin would bvj 
sbeareil or tlie bar poUed through. Suppose, tor initaooe, a bar of a 
cortaoD seotion whiob wu wide and v^ry thin, an<l a hole were maiie in tbia 
bar to take a pin cf such a size that the sectiiuial ana would only be 
eciual to the st-ction of the bar, then it would be evident that the surface. J 
of the pin premod upon by the bar, even allowing the half cirvumfcrcnoe tai 
be ufivctive, woiild be nothing like m^uui to the section of the ntii. Tbua, 
a bar 7 in. X 1=7 sq- in. area, with a 3 in. pin, which would tw 7 at}, in. 
section, would give only 1^X1=44 »(\. in. surfooo pressed upon. 

Mr. Lathau aoid that the application of wrongbt-iron to bride»] 
building was of quite a modem dnte; but at the present time its use waa . 
l>eing carried to loo great an extent. He thought that as vveiy stnus 
ture waa subject to straias of comprcasion and tension, and as cast-iron 
VM better eaiteii to resist oomprcasive ettainti than wrought-iroo, aod 
wrougbt-irf<n )m itar suited to reaut tanaile strung tli:in ckst-iron, that ai| i 
eoonomio strocture should oompriM a oombiuntion of both wrought and ] 
eaatinm. With regvd to tha questioDi that had been raised as to tba i 
best mode of securing tbe cross girders to the main girders, be preferred 
rnthi-r to place them on tha bottom fhuu^ of the girder, than suspend 
them from it. Re alao oousideriHl that every part of a bri<lge should be 
aooQuible for examination and repair; and any bridge wbioh did not, 
offer facilitJea for examination was defective. The roadway of eTecjr| 
bridge shonld bo matic impun-ioUH; otherwiae, there was a leak^^e ' 
water into tho work, whicli, iu nddiliun to beieg agreat nutsanoe to tbi^se 
who make um- »i tbe tboroughfarea under aixJi bridgee, was pr-judidal 
to tbe atrueture of the bridge itaelf; and the point bridge ounstruotuie j 
should cnnetdtir la the best mode of getting off with npidity any water ' 
falli' g on the bridge. 

Tbe abutmenta of girder bridges at the proaent day are often neglected, 
and tbe nwtilt ia, that it la nothing uncommon to boo them giving way, 
which may, in oioiit caaee, be attributad to ihu structure not being able 
to withstand the presaore of the bolloet, which is brought into active 
oprratiun owing to the presence of water at tha back of tlie abutUMoL 
The injurious action of this water may be eot rid of by tbe simple expe- 
dient of intruduciiiK drains, eoontruoted witn a view to earry it away aw] 
prevent its hurtful accumulation. 

Mr. H. P. STErUKMaoif agnwd with Hr. Reytulda ae to tbe eoosiaoiT 
of lattice or plate girdeia over bow and string gixd«3«. Ia * bow aas^ 
string girder the whole oompaeasiva strain ia tramvitled tbroi^ lb* 1 
arch to the abutaaeuta, the string reosiving the teutriou, tbe duty of tbe 
inclined Uoea being merely to transmit th« weight to the arch; if the 
bracing wsro sufflaaotly strong to tranamit the atrain to tbe horixontal 
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luu^ UwD thv girdor wu m> lonucr a bow ati't atrin^ ginlcr, bot l>ecame 
K b'afwxj orcbeu firdif, and bttlMsUevetl the limlgo iu question f>lii.>uld be 
cooniJarod one of th»t iie»cripti<>ii, ftuil uul ■ bow aoil alriug gtrJcr. 

Mr. Lci'xrivitK Ntutixl that, in hi> of'ioion, tbe brtdffe over the lliuiiei 
wu uf Kn ailmir»bl« (ie«igii, although there were di^K-cu in Bome pAiti 
of it. Tbo bridge wm divided inhi 164 (t. apaus, but owing to ita 
twriog tn CBury four lisea of niU inil«a<l nf two linm, tliA bridge niif^t 
be cotMirltrvfl a« divided into ^0^ ft. Bp»nH. He thought the diameter 
of the c^linden snail. c<mffi<lcrinir Ihe InimcDse weig'ht Lbey had to boar. 
He ibfHig'ht tbo cyliDilen sbiuSd luvu bcea uamed de«por iuLu the clay. 
Tbo diauietor or Ibe cyliixlen in tbe bridgo varied, and l>e iihuuld lik« to 
kiMW wbelher anjr caJaitation waa mads when iha different Jiametaia 
were arrived at. He thouKbt it a vvrj ingsnioua couitructiun, Moing 
that land ooet ao much on the oorth aide of uie bridge. 

Mr. Fk.niirko Raid, that the lai]geit bow aod strinc; bridge cajryitig a 
railway, with whiofa be waa acquainted, waa that over tJie Sbauunn at 
AtkioBO. It had two ppuiia; the upper member waa a box, which took 
iJie wIkiIc uf tbu ■Inuo. Mr. Carriiti^Uiu bad aaid neorlji' nU thxt hv bod 
to stat« with referaaoa to drilling and punching of 'pUtca. After all, it 
waa a lucre i|ueatii>D of coali ho did not think lhi?re waa anjthiug liko 10 
per cent, in tbe difference betwocm the fMulls obtained. I'unehin^ 
inaohiiiM wtn cot what Uicy Rhuiild be, for, after beit^ used a little 
while, the punches became blunt, when there waa a drift action which 
•erinualj afTectcd the itntuglh ot thu iron. He thought puncliL-d ahoalil 
work at a high Npe«d. Frtmi an artiols which ap[w:in!<d in thv Enf/ntter 
(Cict. 1 4th), it won]<l aiwm that tb« Btrrngth was in favuar of the punched 
platea. It wm much to hn n-gi etfi that thrre «-et« no woU-avtbentioatad 
•xporimoota, in order to detenmne tiiia quMtion. In the belt rivet joint! 
Ibera wn« at leoat one rivet iu wery huudrvd praolicaU; of no nm, and 
au an iiifonor olaaa of work ibcro wuuld be mono than 10 per cvuL uf bod 
sivela. It did not appear thai drilling' could i->3care tlie oorrcctncM of tlie 
hoka, ao long aa a drift was empioyed to bring tbe plates together 
■ubaaquvDtly. 

Mr. pEBRT F. NuR!«Rr obasrv«l. that amon^ tbe points adranced by 
the author of the paper, ai baing worthy of discuauon, wm that of tbe 
pennancut way on tbe hridgt:* uf tbe Obaring-croH lUiJway. Aa the 
questiira bad nut buca tuuchod upon by any one prrneut be wiiuld ufTvr a 
tew remarka thereon, and nUnc l>efore thti mcrting aoino particulani of 
iliepennaDent way which bvl }Hi*in mlupted on thf- liridgea of that line. 

llien could Iw no (jtii^fition th;it tbe [Krmiati«>nt way of eiudi bridgee as 
tiw wvre de>a]ing with, or in fad uny railw-uy bridges, was a matter 
which bad to be carefully c«>iL«ider«d before it could be decided on. 
Thofu were many ehsmcuts at work which militated against tlie adoption 
of any orduiary arnugcment. Tbs character of the pentuuwnt way, 
doabUesa, had a great influmos on bridges, and tnvoWed mneh oare in 
determining on tbe ayirtemto be adnpte<l. Tlie main pointaw^re, a sound 
and wtil beddud alceperage, good and even rails, of a section neither Uio 
hea^7 uor Um light, a perfect airaugcmcnt of breaking joint iu all paiu, 
aud au uniform adsfitabJlity uf ihc wi»y, as a wbtrie, to the character of 
the etruciure carrying it; or, iu other words, to have Ibo relotive elas- 
ticity or rigidilv of each bo baUnci^ that, as a whole, they— the peniia- 
nent way and the bridge — ahould have a coincident action under trafSc. 

The system adopted on the Charing-crosK bridg(>fl appeared to embody 
these points. Tbe nx\ nacd was of tbu flat bottom or enntmctor's seotiua, 
weigbiuir 75 lb. peryanl run, 6 In. dvi'p. and about 4) iu. wide in tbe 
foot, liie rails were plaued on bui^'itudinaJ tiiuber aleepefs, 14 lu. wide 
X 7 tn. deep, to which tbey we>re fixed by wri'U|{ht-iron angle-ubaifa or 
bcacketa, :2 fi. 6 iu. apart, c«mtre to oentro, phh^ in pAtri. The brackets 
were G in- wide, and about { in. thick in aeotion, and the mils were 
■eoured in tbcm by I in. screwed bolls, which passed through the well i>f 
the rait. The bmckcta wcru fixed to Ibc luugitudiual alccpen by j-in. 
auikaa. Tbe gaugv waa 4 ft. SJ tu., aud waa prcMTVvd by tnuiaoms, 
fiin.xd in., which were placed in Uie 4 ft. S\ in. w;iy about every 4 ft,, 
and in the C ft. way at intervals of froni 13 to '20 ft. Tbe«e traasotus 
wore connevtad to tbe lonplndinabi by niciuia of 1 in, bolt^ paMing 
through the latter, and of »utficient leti^'th ti hotfl them well together. 
This nuulo a very good permanent way, wdl suited to tbe purposes for 
which it was datdgiivd. 

The niilv objection be wnold take to it waa tbe ase el tbe bracket* in 
pairv. >Ji> thonght the purpuae would be anaarered equally wull if thny 
were placL-d iiny/^. on lue inside of tlie rati, tlie outer rxlgi* uf the foot 
being bchl down liy a d'lg l>alL Aiul f'T tbi; raa»on following — via., 
thai, aa tbe thruat of the traffic on tbe rail refdv^d it«cir into a force 
tending to overtoni tbe rail- -the outer edgo acting aa a fulcrum — so im 
good purjioao waa errved by tbe uulcr bracket, tbe nii there tKvding tmly 
to be krpt from elklinji; but on tbe inaiilp it wait ncci'mary to lecnie ibe 
rail by a bra<;ket and ftuij; bolt, or ^iinilu- futenini;, in i^rdcr to p«aat the 
straiu |>ul upc^m it under tmfBo, which stnun was tending to draw the 
bolt fmm the aJL-eper: tbu amount of levMm^ obtained being that duu to 
tbe diMtancc between tbe fang bolt and outer edge of the rad. Ueucu tbe 
outer bracket became a supL'rfluity. 

llie ordinary pannasent way of the Cliariog-crov Railway consisted 
of a dikuble-beadBd rail, fisheu, and weighing 75 lb. peryani, lud at u 
cant of 1 in iit. The bahpUtea were Id in hmg, and ) in thick, Mit^d 
with four 1 10. bolts. Cast-iron chain were asod, weighing from 2S to 



30 lb. : the width at seat of nQ was 5 in., base of cbair 18 in. x !>i in. 
Each chair was boltod to tbe al«p«- with tnu jiu. liulu. with a(|Daiv 
beads and tang nuU. Uak wedees 3 bi. long were used. The al«epcr» 
wen 9 ft.x 10 in.x.'' in., plaoed abnut 'J ft. 2 in. oentre u cenfira at 
jointa, aod about 2 ft. l\) in. at intermediate portions. 

Mr. J. LauET n-marked that at the last meeting tome allunon waa 
made to the pitia which held the stmts being defective, which had not 
since been explained, and he bad beard it nnarked also that tbe oalou- 
latinna wen not so canhiUy nia<le aa they ought to haim been. If it was 
su it might result in a seriuiiB weakness in tlie bridges. 

Mr. A. WtLLluis did not apjiruve of the praiA'oe of suapendinff the 
crOM girden to the Ivittoin flanges of tbe tnain girders either with tiolu 
or rivets. He coiuudered that if they could iKrt bo fixed in their prctptr 
theoretical pboee on the top flange, they ^boulil rust on the liutltua 
flanges of the miuo girder*, and bo boltctl to tbo web of the main girden; 
they Would thus tend to prevent any hktvra] twiating of the muiu girders. 
auj, in his optnioa, convoy more directly the weight ouddenly coming 
upun tliion to the main girders, than if the cross girden wore suspeBdetl 
to the bottom flanges, for in UiU ousu, axiy wdgbt coming apoQ then 
muat fall lirKt on the rivet beads that onooect them to the bearing girdim; 
and from practice it is wvU known that nulhing ia'pasier tlun to nuvliir 
the bead ud a rivet ukelees, by the workman eilhpr not bittiag' the rivet 
fiurly un tbu U>p, us it st»ald be, to awvll the rivet out so as to ntm- 
plutelv fill thi> hnle, or liv uning burnt rivets; in tbe firat case, perhaps, 
only half »f tbe bead of the riret is over the hok*. and. iu the scoond. uut 
Butficient ima to make a proper head to the riv<-L Tb^se an ernjn Uiat 
can \k avoide<l liy iiroperRUperviiiou, but wIktu a largo number uf men aiv 
employed it wuiddbu impoaaiblo to see every rivet knocked down, lie tlid 
iHit c(||i«ider that drilling was practically mnnnd%'ai)tageoaa than punch- 
ing tbe holes of placee to be riveted to^^thcr to onaun go<id work, fur 
the first thing a workman did u< brim; ibc bulca uppuute lo each other 
was i4> Inacrt a pointed steel drift, and drive it in, to bring the bole* of 
all the phUcw in a proper pu&itiun* thna with drifting spoiling bfas drilled 
holea. 

Hr. Pahkb^ in reply, said be did oat know what oalcalationa wen 
made. In tbe Thames briit|^ then was a defldeaoy of aectkaonl ana, 
and in tbe bow string briilge thve was an exoMi of Metianal ana. Tha 
load WHS 750 tons. If the disUnoe between tbe oentKs of gravity of the 
upper and lower vhunl were taken at 12 ft S in., it ga%*e a oentral strain 
of t 132 too9. For tbu bridge over tbo Thiunea, tbf strains in tbe Qpper 
and lower chord, at anv vertical «ctinn, were eijual for any load. 

He wa# of opinion that iron was injure*! by l>-finii pundied, and when 
a larve number of simnlar plate* wae requited diUlioi; vviut ibu ubuapeet 
and bevt. Tbe reaaon the distance betwecA Uk '-eittn-v uf the cross 
girders was reduced fn aome eases to S ft. waa tn gain h^xdway, by having 
tbe oroas girdtira ahaUuwer, which would bave K<|nired very heavy 
flaugea if the 4 ft. distance bad b«Mia preserv'ed. As n^rded tbe making 
of tbo bridges of wi<ler epans, so as to {fftivide for tbe widening irf streets, 
that was porely aimoolatlve, for rallttays might obviabf tbe neocMl^ ibr 
widcidBg Streets, lie would observe that ibe diflhnnec in length uf the 
latgssi Dcidges in winter and summer was sod) as lo make rolkrs oeoea* 
saiy. In ottbor a bow Hiring, a wamn, or a plate girder, tbu ' ' bending 
uoment" and the "ahenring furve" of the hwd hi^ to be neietiMl. In 
tbe flnt oaw, the diagonals bad to meet tbe excms nf the Rhaarbg force 
doe to a partial load above that due to an onifonn load. In the two 
other oasea the dhigonals or wetis had to soetain the onlin aboariog (oroe 
due to a jiartinl load, Jt teemed to be the geiieml opinion that it was 
not ad«-iasble to combine cast and vi~ruught-iion in comjxtund structures. 
It wu dilbcult to keep briilges water-tight when tlw whule platform 
vi)irat«d umler the aetioa of a passing load. He thought it would lie 
Iwtttir to arch the crmw girders, aind introduee small longitudinal ginler* 
between them, one line of them Ui be under each line nf raits; this wotdd 
divide the platfi>na into a system ol rectanguUr spaces, each tn be 
covered with a plate. The knigiludinal mil timbers to lie packed im 
blocks spaced about 12 iu. As rdgards the diffenince of stnun. Mr. 
Reyttnlds stated that there might bo a difTciwncu U'twevu the sin^n ot 
top and bo4tom, which be (Mr. Parkas) did nat a^p^ with. Tbe cross 
sirden wen atta'*bed entirely by rivets, exn^pting in tbu approach and 
Houthwark-strvet bn>l^e«i in the (irst only UtlU, in the second both bolta 
and ri vbUi, Uv tbnu^-ht Uiat in such a bridge as that over the Thames, 
tbe oentn of tbe yita ought to uuiucide with tbe oeutiea of gmvily of the 
upper and lower cborls rOT|tectively. lieftrrring lo tbe policy of kwpiiig 
iron bridgea well pointed, bi< obwrred, that at one cleiuiing of the Menai 
Bridge mi lesa than forty Inns of iron mat wen nnnoved. 

Tbe CbaiRHax aaid that, as a rale, the oniinar)- web and flarige 
girder was preferable to a Ixix prdur, or a girtlur with cellular fiancee. 



on ai.\>ouiit of the t^rti- 
girden, but li« U m 
diMuriptiuii which '«< 
iii>L see thai than waa au ;tl>- 
any girden that oould not W 
work and painting. Tbt- ' ' 
Htnirteil tliat every part < 
M as to be aisurci) that :u<-u 



L;.L.ll.i~iutii 
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Ae roguil«<l tlio gnat]y TciiltlAtcd (]uc«ti<pn of utt»chiug a'<>Kf irlnlors 
to inungirden, ho coiui'kTM) tlie rii«lli<xl aitt>pt««l in i\m Inn^ bnili.'i:<>vtfr 
tlie rivtsT waa a |N>r(L-ct ()iu<, an nil tli<> rivutH vetv snhjetitoil to a plu^oriiiff 
rtntn, which uu^'ht tn he tW I'nndpjU ilttty 'if rivrtts in hriJ'^v Innlilin^, 
if tlic rivrU wpiv inhjifiteil t^ il prc»t strain, anil ti"t. iw woj! Mtun tho 
CAM, hjilillinB the iluty of ImiIi^. 1I<> ininiti it a rule, wh*-n a^jplyinL; UiltA 
which *icrK tiwlijcut tri B ercnt tnisilu etmin. twliaVK them matin with n 
nut nnii iiiTfW at t-ai-h citii, so dm not l<i nili th<] rUk ><f (kmI vrrldh iD 
fomtlii^ ;Iif hcailtit'f tbi)lHi|ii<:hf! tliercforo wiih of <i[jinii)n thai thrrmoihoil 
of (tttM'lUntf thi^' t<i)i (Uiii^ft of cfxiM g^inlem to the bottom flattj;e!< nf mam 
^iriior*. li_v tn'-aiiB >■! riscta, wa« one of thu m-mt uitftatifriK-birY plaiis tliiit 
cvuM In* iwliipt<-<l. ami tiiftt tin* mcthixl of attiK-tiiiig the crwB ^irik-n U3 
i)m lui&iit jj^inJ^iit )i_v iiii'aiia of luu^* l>»lta (imtiuuud to the l>iU»m tliuigu 
of Uie cniBH yirii«ra, waa a iqul-Ii mmv njitiFfiicturr w>lutimi of tJie quM- 
tifin, .-w thi) lulvantaj;^ of filju-tiHly in tlif It-itpth nf tlio l>.>lt«. ka ompAnrd 
with fthoTt rivi-tn or «hf>rt holtx, woiiKi have a mattTial ftf<>Pt in tirevi?nt- 
tng the bend* of the rivets or bolts fmni l«ing hmken off. He objected. 
as a rii!(>, tn conneutini; rroua ^Tirdon uiitiornc-tth tuaiii ^nk'ra, wi«l wu 
of opininn that »m"» pnlunt itLiouUi hi- wo oontw-ctwl Ui luaiii yirdcnt M to 
ftmii »inif thill): aiialogoim to tlin rili* of » itliip, ani) bo an to haTf! the 
BfTcrt (if xtiftVniiii; iinii ket']iiii:f Htraiuhl tlit^ upp^r flan;^*^ i>f the main 
ginlrn, which w^ti- oftvn nMiuiivi tit I«i of a Iv^ width than could be 
Mfely applit^ K'itbout buiu^r ^> ftiffi-'Ut-il, smii he r>n:4uiutd that (he twjx 
girder principle had Wcii &(i>«ptcd t</> Bome oxtcut on thiA railway in oon> 
kctjui-ncu of LOt ohtainlng much b»iitlancv from the crow gtrdem fur 
Ut«raUj>- fltifTi^uinii the top flaiig-^Jt of the main Lnnfrra- 

Tltut! nas a great ililficnttv in making the platforms nf railway bridges 
untur-ti^ht, EO iu> to pn-vrnl skater <ln|)pini; through aftnr rain had ceued. 
Tlii> ni<>thii<lii aiiopti-il ott tho )iri<I^>'<i in iiiip-itinii niatle Umi plntfonuB 
practically watf^r-tight tintil Ihe li»e was opened, when mgrui of leakagii 
appeared. Vanoua mctLiKln bad hoen tried nn other railway* Uy inakv 
water-tit.')it plalfnnud, but, mo far a» h« was aware, they had all failed, 
api>artjatly from tlm vibration csnKfd by the eni^nm aii<l trainii. Ilierr 
were briilg'?ti in and near Ii<inilaii with coTTurailed in>n Bxeii underneath 
till' bri.lye» for cArrriuj,* awhv the water that feaked thp»ui;h the platfi-no, 
ami )h; wwi vi opinion that tas best plan WM to aMCUie tliat thii pUtfurui 
Wtiidd leihk, Aud thai it would be a useless expi^ndituR: to endL-avour to 
•top li»ktt, and iLurcfuro to at once, when ilc^i^iingn hri(l)(a ovcra inuch- 
uaed road, to MraDgtf for comjp»ted iron op zinc, witli ueev^Ktry jriittcnt 
and liowu pipes, to be fixed iindEmeath tho hritl)^. »o that the IcAka^ 
nhouli) oidue tn 1;^ an nnnoyanoc. [}tirin^ thf di«ci)ntion it hod bvcu 
Tnenti'inMl that the fttfrctivc ar«'A of tni'tal a* n.'ijiiin>d by tho *traiM per 
tquarr inch waa km in the centre of the iMttom Hiuigea of the Obaring- 
GTOfH tlridi^e ^Icn than in the top flAnifer at the ctmtre. He waa of 
opinion lltiit lilt xtniin on the bottotu tiani>« of tlHine ginltin wftH luiat than 
in till! lop tlAOgir, aitd Uiat the arean wen jiroperly propitrtinued. It was 
ahio maiaioni-d :u a ilvfe^'l in tlit-<w ^nJurs tliat lii« pins for oonnecting 
the iliA^inal brA£ii>t; Lo cht; 11au^c« kvu> not in the centre of the man of 
BWtal io the Haii^irj. Init he was of opinion it woa of vcrj- lilblu conae- 
quenoo, oa the cff^rct of t>uch podtion of the piiid was to put a aruall 
tmivvene Htrain in the llaiq^ca, caused by tbu t«iHU.-ncy in tiie tnam of 
Butid e{ the flaumii to get in the puriitiuo of the tin* of itnin, which was 
the ocatr* line of the pin bol«a. 

At rtgrtnlud the (jnnfltion of fmnrhini; or rinllin^ boles in iron for 
briilgv building, th«r« waa no doubt thai dnlling wm the laost sali«factj>ry 
I^an. an the engineer was prHCtioally ci*rLain ai to the llrengtli of the 
plat'-*. Jkc, whfu the bol^a wisn ilrllleii. but in tlie cane of puni'iiing haloa 
be was not at all cert«in of ttic n^ult. ax various qunliti^s of irnn would 
be mnn or lew weakened, in culiiition Vi tin; nit^bU act^ially punchenl uut. 
Hani inm would \to more injuriuuAly atf'«ied by puncUiog than soft 
iron 

[The forepojog practical pftper on the Wrooght-iroa Bond 
Bridges of tliB Clinriog t'roso Railway, was written by Mr. 
Miitlliew Parkoa, O.K., and i-end before tlie Society of £ngineen>, 
tlio iilinuiO voUime of Trnn»nction» of which exeellent ftociety, for 
the yenr lS6t, has recently been pnblished by Messrs. E. & F. N. 
S\*ou, LoiiduQ.] 



PATENT LAWS AND COPYRIGHT. 

Thb pAtent laws oecesaarily absorbed conaiderable attenlton at 
the Uiruunghatn meeting of thtt British Assooiaiioo, us ninoug 
the mpmbors prcsoat iliora wore many who have durinj;; tho lK«t 
few yeara uben a prooiiuent part iu the eoutroversy wliich the 
auhjfct has occnAioued. A |>a|>er on the pateut laws was rend hy 
Prof, Rogers, of whicli the following is a condeii8atiou,aDd which, 
together witb the notes uf the JiKciissIou tli(;rt'i!u, has been fiir- 
Dislied lo us by Mr. Si)«nc«, of Quality-cunrt, Chnncery-laue, 
who was prewut ou ihe occasion; — 

The professor began by advertinji tn tlie antagonism of feeling 
oa the jiubjecr. iu the following terms: " It cannot, be said tbat 
there is any nnnuimily felt ttbont tbr> pri% ileife^ or rights iniptind 
in the possession of ihefie luonopolies, for, if the defence of ibe 



existing practice lias been maintained with inerenalng wnruilh, 
the rittucL uu tho wholn srstem has been and ts bein;; o^rrii-d on 
wLib no diminution of vigour." And be added wurdii to the 
effect that the opptflieiits of sach privileges or rights would not 
be deivrred fnnu diHcnK^ing iho <{iie8t|i)U by tlie lisid wonla 
aiiptii-d to llieni by the defeuderi of the existing systrui, esjiecial 
allusion f;«ing made to Mr. Mill's expression of "free stealing/' 
Hs cliiirii'.'terlHtic of abcditiou t>f lognl protection. 

The professor next referred to *' The right of propeny." tn 
whicl) bi* 8[Kjke of the liiuitntious on iodividnal ase aud fcx^rcise 
required by the iniere&u of society. "Many lueu (saiil ho) 
receive more from sucinl order than they render to it: those] 
whose social position is the highest, most of all, and therefore nre 
mure justly the objects of such limitations as are conceived or 
proved lo be safeguards to the intei-e'its of society itHoIf. In 
order, however, that this right of property should be held saoretl, 
even under the limitations put upon it, it is aeceMnry that the 
possessor should prove his title, that there should be no possible 
oonfusion between his personal right and the right of nuother, 
and that his rij'bt should not he repugnant to general interesla.*] 
Then it was alleged ihttt the principle of properly ia pat«otll 
failed when tried l>y these testa. 

The question of'benelit to inventors" was next dwelt upon. 
Ou this point the profEssaor said: '* Every one is anxious (bat the 
labourer should have all possible opportunity for gaining what 
the public judges lo be the worth of his labour, but it ia alleged _ 
thai the present systen) is, tnsl»ul of Wing an aid, a real biad-i 
ranee to ho deHirallo a result." Tlie position of au inventor wag J 
dcserilied as that of a gnuibler. and one who waa exposal to tba] 
consequBDces of hiird twi-ms with capitalists, who were said to bo 
opposed to the rRstriclions of patents. 

•* The position of the public" fonned the third division of the 
paper, which topic wns thus introduced : " It ia aMume^l by th« 
defenders of the priteol system that the public is fairlv com- 
pensated by tho bargain tacitly made in the grant of a limited 
protection to Inventors. On the one aide la awnrde^I a right of 
sole sale; ou the other is secured the ultimate reversion of tho 
iuveuiion, if indeed the pat«at be not oontinoed od the plea that 
the patentee h/is not reaped as much as he thinks himself entitled 
to, or his patent be not virtually extended l»y the addition and 
inoorporaliun uf some new pni-ticulars." Under this head it wa 
contended that patents hindered the progress of practical sciouo 
and impr*ivemeuts iu manufactunw; and the protection affnrde 
loan inventor waa against other produoera, at the cost of tht 
consumer. 

Tho fourth point urged in the paper related to"th«faloe 
with which protection is accorded to all inventors alike." Under' 
tliiii iHvision of the subject it was assume«l, fut the sake ofargti- 
menl^ thai the }>atcnt laws were c<>nitnnnnt with public policy, 
ttolh iu principle aud detail, but denied ihat they dealt out equal 
justice to all alike. The professor said: *' It does uot even under 
the«« favourable circnmstauces (ihose supposed) follow that thejr 
(the patent laws) are just, ei|UitabIe., or ex|K<di<*nt, since the pro- 
ieetioQ h acconlei] almost entirely to mccbanical invention, and 
ignores other braocbes of laliour, intelligence, and discovery. 
The administration of law and justice exists for all alike." And 
this assertion is illuatrated by a reference to a few exara- 
pins in order to show tbat there is no legal protection 
ntfordcd to discoveries of great public bene6t in other depart- 
ments of inquiry besides those connected with m&nnlaciur 
RefeiTUce was made for this purpose lo the discover)' of coprdite 
of gold in Austrnlia, and of vaccination. 

Then the last priinl referred to waa tho law of copyright. On 
this poiut the fullowin^nssertions were made: "It is manifest (hat 
litoratur** is not iu tnct prrrtected by law to the extent that 
mechanics are. It ia very <lonbil'ul whether it nev^s protection 
at all, or whether copyright hna more then a putative prot<>cLion. 
The moot costly of literary labours— news gathered for the dailjr 
press— ai-e freely copied from the moat valnable; that ia, frooH 
great works of profound scientific research or nml public' interest' 
extraciM arc made abundantly in newepapcra and reviews. It 
may he doubted that a alngle oopy more is sold by rrason nf 
copyright. It may be doubted whether a single copy less would 
be sijld if the reprint by other hands were iiermitted." And the 
only pnilectioo asserted to be necessary was that which would 
resnli from making " the assumption of an author's name or a 
publishers trade mark the object of a criiuinid prosrcutton.*' 

An ii(nmn(<?d dincii-iiion follnweil thp rt-nding of the pnper, the 
principal (wiuts of which ftfe given iu the subjoined r«porl: — 
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Mr. BmmwpU contendetl for* potent law, on i!ie ground that 
it WHS requisite In nffon\ boiup protection to n diad tn iuduce him 
tn be at the troubk an J exTxsiteo «f ^'cttiiig an ii)Vi>ttlioii adopted. 
H« 8|»oke of the unlurnl ditlicultiet in the whv of il« ndnplloii, lut 
iuveittioDs of im|)ortftuc« often proceeiieil from men who were 
not in the trade, wboso intDda were not trunimelled by being 
&« it were tu a groove of the particular §hape produced by 
conuectiou with llie trade. !t was natund thnt those in 
the tnide whu find sut up a ptntil of taaclntierj, shuuhl bo 
averse to auytliiaK '^hat would aupersedo it. And yet it wag 
to the iiitenenb ot the public thst tbe clmngL-« referred to 
ahonld be introduced, whiuh result ;nnild not he atLiinpil by any 
Other nietins ao utobjectiouttbly lu by a pateut Uw. The iuveti- 
tnm could not be rewarded by honours, or by entering upon the 
trades to wliich thi-ir inventionfl related. Mr. Bramwell admitted 
that the exixtiun puteut lav w^is d«^fevtive no to its ai|uiini«ciTi- 
tioOf but ciMiteuded that it could be made to answer its require*! 
purpose, by auch ao admintAtraiion of it as vrouh! in^ti^t on 
a proper inteHigible specification, for if an alleged invention did 
nnlftdmitdf heiii;r properly «jpeciried, it was not fit to bep«tcnt«4, 
Hu bI«> rc'ferrtil wiih approval, tn Mr. A. V. Newtnn's isUKgentiim 
aa to patentees being required to make out a prima facie Ciss 
before being ndmitteii to trial. He contended that iiupt-uvemcnta 
of thi« kind, and a limited inquiry-into novelty, would reroove 
niftQy object-iona. 

Mr. VigDoles crtticiaed Mr. Bramwell's argnmentj), but villi- 
out producing any effect on the minds of his hearers. 

Mr. Newmarch defended fwitcnts in a speech of remarkable 
fluency and clui\rness, which produced an evidently favourable 
etfcet on iho tneetinfj;. He ttbjeoted to a paper on purtly ab«lniut 
points, such aa those treated by Prof. Kogers, as incon^iatent 
with the kind of inquiry appropriate to the section of economic 
8ciotJC4! and statintictt. He considered that ns to property it waa 
nn uccej)ted prinriplf, that the man who had spent eapittj and 
labour in any pursuit, had tlioirby made n pm(»erty in it, which 
ought t»i lie recngnispd. He considered therefore, thnt the cren- 
tiona of the brain, ubether in the Rbape of a book or a mechnni- 
cat iiiveatioD, ought to be alike pruti>cteil. And it was unfair to 
talk of aMIsbing patents, without attempting to make the exist- 
ing nysiero effective by developing its caimbilities, bo as to afford 
facilities to inventors ami atiiers iuteresteiJ in pitenta for aearcti- 
iug into the n'>velty of inventions, and alw to pi-t^vidu an efficit^nt 
tribaoal for trying questions of right between i>atentees and the 
public. 

Lord Houghton also spoke iu favour of patents, regarding them 
tm a meaiiH of gnirn'ng for the use of the public inventions which 
would othcrwiiic be krat sight of withont producing the permaueut 
reaultsof wliich ihey were suscfptible. 

Mr.J.S. Wright, Viee-Presiilent of the Chamber of Commerce, 
spoke aa a Biruiinj^tiam muuufaulurer, in favour of pateulM, on 
the grouud of the benefit they hjwl cuufeiTwd nu niHimfaclnriug 
districta geoerally, and Mirmingham in pnrticubr. He repu- 
diated the notion of the likelihood of men going ou inventing, if 
they had no legal recognition a« tuventont. Ife mentionpd 
iustancefl of men not taking out patenta, leaving tlieir secrete 
Dudivulged at the time of their deaths. He also sp^jke of the 
fettering effects of necessary secrecy iu trade, if tliere were uo 
patent law. Mr. Siemenn said, that, owing to the protection of 
invenliona by the Kng]i»b patent law, be h.td been indnoed to 
leftvo his native country, and cctiJe in England. Other pemoua 
epoke in favour of a patent law, and no one spoke against it. 
T^ird Stanley made no eonnuent on the discussion, but called OD 
Prof. Rogers to reply, which ha liiil shortly. 



^ON THE MANCFACTURE OF CAST-STKri^ ITS PRO- 
GRESS. AND EMPLOYMENT AS A iiUBSTITOTE 
FOR WKOIJOHT-IKOX.* 

By Hk.vry Bgsseuck. 

Oy the 13th of Aaguat, )6M, the author had the houour of 
rwhliDg a paper before the Mechnuiad Section of the British 
Association at Cheltenham. This pn|>er, entitled "The Manu- 
facture of Malleable Iron and Hieel without Fuel," was the hrst 
account that appeared shadowing forth the important manufacture 
now gcocraJIy kuowd ai the BeMemer process. 



It was only through the earnest solicitation of Mr. Oenrge 
Rennie, the then president ot the Mechanical Section of this 
Association, that the iuvuniiou was.nt that early stage of it« devs- 
lopnieut, thus prouiiueiiily bnnjght forward; and when the 
author reflecta on the amount of l.-il>our and tlie expi^uditare of 
time and money that wore found to be still necessary t'cfora any 
commercial reaulla from the working of the procens were obtained, 
he liBS no iloulil whatever but that, if the )>nper at Chrlleuham 
had not then bvtu reai], thi: iuipurtntit MyHtuin of ninnufacture to 
which it gave rise would to this hour have been wholly unknown. 

In the original 6xed couverciug veasel, as patenteii and erected 
in I«)Dilon for experimt^ntnl purfioReH in \H6B, tbe tuyeres were 
paasetl through the sides of tbe vessel in a horizontal direction, 
the result was that the blast of air entered only a short distance 
into the fluid maas, aod much of it escaped npwar<ls between the 
sides of the vessel aod tlie metal. The effect of this w.<8 the 
rapid destruction of the brick lining, causeil by tbe excessive 
tumperaturu generated in the procesn, and tlia sutveiit pi*operty 
of the resulting siliotte of protoxide of iron, which sometimes 
destinyed a lining of b.df a hrick in thickness during the blowing 
of two charges of niBlal for .ibout twenty minutes each. Another 
{lithcutty arose from the impoasibility of stopping the process 
without running out tlie mebd, for if the blowing ceased for one 
instant the fluid metal would mn into the tuyeres, iitd stop them 
up. 

A great inconvenience of the hxed vessel also arose frona the 
danger and difficulty in tapping out the dui<l lualleuble ii-ou with 
a bar, after the manner of tapping an ordinary cupola furnace, 
for the bhist hml to be coolinucd during the whole time the 
charge was running out of the 'vessel, in order to prevent the 
reniaiiiiug porttoo.i from entering tbe tuyeres, A aitntlar ditR- 
culty aruse while runuiug in the erode metal from the melting 
furiutce, since it was necessary to turn on the blast before any 
metal was run into the veattol, the flrat porlions so run in were, 
in consequence, partially docnrbanised before tbe whole of the 
crude metal had left the melting furnace. 

These were among the more prominent rlifficuUies that hail to 
be remedied. It is, however, autlnfactDry to know that even in 
this, its infant stale, the processi and appiiratua were pntolicslly 
successful, in proof of which there is placed upon the table part 
of a mnlteable iron railway Utr made from pig iron, at Baxter 
Hou^e, by blowing air through it in the appantius just described, 
the fluid malleable iron having been run into a 10 in. square ingut 
mould, and the bloom so made rolled direct into the \mt aliown. 
The small malleable irou forged gun will serve as an example of 
tbe cleutrue^'j and fre»;l(iin frtun cracks or tKws iu nialleabte irou 
!U} luado and forgivl under the'<«team banituer. It is one of the 
very early productions of the proceaa, and, like the malleable 
iron rail, was made wholly withoot any re-carbonising of the 
metal or the empUiyment of epiegeleiseu or mangauese iu any 
fjrm whatever. Malteablu iron kg made from hematite pig iron 
is red-short, like all other wruught-irou um<le wholly from 
hematite; but that it is perfectly malleable and extremely tough 
when cold may be seen on examination of the iron rope exhihitedr 
wbicK consista of four rods of lA in. round iron twisted cold into 
a close coil. These bars extended 13 in. in length in 4 ft., and 
were reduced neatly | in. iu diameter in the operation of twisting, 
thus showing that malleable iron so made poesMMS au extroor* 
dtnary degi-ee of ductility. 

It may be remembered that an important part of the process, 
as described at Cheltooham in 18oG, couaiate<l iu tapping tbe fluid 
erode iron from the blast furnace, and allowing it to flow direct 
into the oooverting vessel, and be there blown to the extent only 
of decarbonising it so far tuk to produoe cast stecL This part of 
the original programme haa bccu moat suooesafuUy carried out 
in Sweden, where au extensive cstablisbmeot for its manuOicture 
has be^i erectcti by M. t.Iorauson, of Gefl3». The targy steel fir- 
cnbtrsaw pUte exhibited is an example of the conrermuu of crude 
cast-iron run (lirect from the bbst furnace into the converting 
vessel, and there blown for nine minuted, in which period it hnu 
been converter! iuto cast steel of the desired qnaliiy, and wm then 
poured into an ingot mould without being re-car bouined, and 
wholly without the employment of apiegeloisen or manganoae iu 
any fonu whatever. 

With tliese few ilhnitriittonfl of tho ca[nbilitieti of the prooeas 
as originally desei-ibe<I at Ohelteulmm, the author will proceed to 
show bow the disadvantages of the old fixed converting vessel 
were retnedicii and other improvements introduced. Many forms 
of cwnvcrliug vessels were tried on tlie Urge scale before this de- 
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siroble object was attained. la »ome of them th? Ilaing triu too 
euaily bmVfla down bj tbe I'iotcnt luoliun of bo boavy n finid ns 
iroD ; iu tomo of tbo iorms tried Ibe angles allowed tbr [ueUl to 
solidify in them, and so clog up tbe vewjel; in oihei-«, the mouth 
of tbe tssmI being too maiall, caused thu mttLit to bo tbmwu out 
by tbe force of the eacapin^' blo^L It vfna aIsd fL>uiid Ibnt if the 
moath wu too l&rge tbe beat raca|>cd, bo an to cnuse part nf the 
eoDverted metal to solidify in the vessel; tbe relativt- height nnd 
diameter of the vessel was also found to prnJuoeiiiiiiorUiiii differ- 
euceii in the workiii;^ uf llie procvM; litiHlly, and after luany long 
and expeiiflivp trials, tho form of vmscI shown at B and C was 
adoptra.* This vc»a«l is made in two partR, so os'to admit easily 
of its being lined up with a pulverised slliuious stone, known aa 
"g«ni«t«r, which ao rvsista the action of iba beat and slags as to 
last tor fully 100 consecutive chnt^ges of steel before it is worn out, 
Its form is that of the arch in every |>oeitioD, which prevents tho 
lining from fulling down by its own weight There are no uugles 
io which the spla^ies of metal can solidify and accumulate, its 
mouth directs tbe flame and spnrke away fnim lUv workman, 
Mid from the moulds and other npparatu!«; while iho ihmnt of 
tb« veuol, and the |)o«ition of tbo niontb, almost entirely prevents 
the throwing ont of the metal. The vessel is roouuted on tmu- 
ionH supported on stout pt-deslals, so IbnL a Heini-rotary motion 
may be communicated to it at pleasure. Tbe tuyeres are |jlnce<I 
at tho bottom of the vessel, ^> as to force tbe air vertically 
upward through the mctat, as siiowu, without coming in contact 
with the sides of tbe vessel. When the oiude metal is to bf> run 
into the vessel it is turned on its axis nearly into the positiuu 
shown at C, the mouth being a little hi^'herup; a gutter will then 
conduct the crude cast-in>D frotD the meltin;^ furnace into it. li 
is not necesftiry to turn on the lilast uuiil the whole of tbe metal 
is run in, because the tuyeres oecnpya position utM've th(» level of 
it. As soon as the air is admitted tlimugb tbe tuyrci* tbe vessel 
is turned int<^ the position shown at B, wbi^n lis ileu-irbunisalion 
immediately commences. As aooD as this is etfected tw imiub 
molten pig iron made from apatbose iron oro is adde^l to it nn wdl 
restore tlie quantity of carbon necessary to produce tliodcalrMl 
quality of steel, wliich is then rnu into tbe outing Indie in tbe 
uinnuer shown, and from whence it is transferred to a neiies nf 
iron motilds mn^jed in a semi-ciicular pit, each mould being 
plact-d within tht; sweep of thu costing crane; the filling of tht.-«e 
moulds is reguhited by a cone valve made of fire-clay, and fitted 
in the bottom of the casting ladle, so as to be openeil or shut at 
ptetuiure by mtirms nf a handle on tbe outside of tbe ladle. 

It will be readily understood that in the 6xed vtissel first 
deacribed any giving way of a fire-claj tuyere would stop tbo 
prooesa, and cause much inconvenience; but with the movable 
Tesaet it is not so, for at any moment <if time during the nmcesa 
the \'easel may be turned on its axis and tho. tuyc-res mi^ed abovo 
the level of Uie ineUl; the blast may then be turned ulT, the 
tuyere box openeii, and the faulty tuyere stopped up or removed, 
after which tbe process may bd aguin resumed. The niovumeut 
of the vesfiel on its axis, tho rise and fall of the casting crane, and 
tlie other cranes employtsi for removing ingots from the cawting 
plt> are till elJeoLed by a simple by<lnnilic apparatus, so ilmt the 
whole process is under the i>prfeet control of a Ringle opirntor, 
placed fur away from the heat and showers of splashes that 
accom[>auy the iirocoss. 

Up to this period the manufacture nf oast Bt««I by the old as 
well as tbe new process is still so fiir imperfect that steel of the 
hii;hcst quality cannot be made from inferior iron. In the old 
Sbctfiold process the original (jnality of tho Swediali charcoal iron 
emiilnyol governs tbe quality of the cast steel made; consequently, 
£'M\ per ton is freely given fiir the Iiigb class Daiiamora iron, 
while other branils of Swwlisb eharcord iron may Iw hought for 
£l!i. In either case these are expeuaivo raw matoriaU for the 
cast steel maker. 

In lti3D the trade of Sheffield receivod nn enormous impulse 
from the invention of Joaiah Marshall Hrjith, who patented in 
this couutr)- the employment of metallic mnugnnese, or, a« be 
called it, carburet of macgaueae. Tbe addition of a small qusu- 
tity of this metal, aay from one-half to one per ceii t. renderctl the 
inferior ctike-mado irons of this country available for Dinkjug cast 
steel; it removed from these inf<*rior ipialities of iron their red- 
shorlne^s, and couferrwl on the cast atcel so made the property 
of welding and working soundly under tbe hammer. This inven- 
tion was of immense importance to tbe town of SbefBeld, where 

* Sec ttO* JiMinial, rot. lai*. iK ITS. 



ila valne was at onoa apprMiAte<dl. Mr, Heath, anpposing himself 
aecure iu bis |>at«nt, told bis liooneeos, that if they put oxide of 
nian^nese and coal tar ur other carbonaceous matter into their 
crudblea along with thu blister steel, that it would do aa weJ], 
and be much cheaper than the carburet of manganese he was 
sclHog them; in effect it was tbe same thing, for before the st«el 
Was melted tbe carbon prestrnt reduced the oxide of manganese to 
the metallic stAte, so that bis patonl carburet of manganese was 
forunnl In the crucible iu reailincsa to unite with the st«el as soon 
as it became [wrft-utly fused. Hut the taw decided that this was 
not Heatirs mtent, and so the giwl jieople of Slieffield, after 
many years of liligstiou, wora allowed tu use it wiibout remuera- 
tii»u to the inventor. 

jMangauese has now boon used for many years io every cast 
steel works iu Kitro[te. It matters not how cast steel is made, 
siooe manganese added to it necessarily prutlucee the same bene- 
lictnl changes; no one belter ap|>ieoiaie<l this fact tlian th« 
uiiforlnnale Mr. Heath, as erideuoeil by his patent of lb39, io 
which he declares that his iuveution cousists io ^'the lue of oai^ 
buret of maujfauew in any process whereby iron is oouverled loto 
cast steel." Ua^l Heath siHsn in bis own day the Beaaemer process 
in operatiou, he could nut have said more; be welt knew tbe 
effect proilnevd by manganese on steel, and, therefore, claimed its 
eniploymeut iu any procusi whereby iron is oonverted into oast 
steel. 

With this pAtont of Heath's expimi, and become public 
projHirty, cjupled with the univerfial addition nf mani^auese and 
ftu'bou lo cast ateel, it would uaiundly be supposed that the 
author, in cnrumou with the rest of tn^nkiud, would h.iv« l>een 
allowed tu share the IwucfiUi which Heath's invention luul cou- 
furreil on tin.' whole commmiily. t>ut it wiis^iot so. 

TliL- rcadiug of Die autlior's |Kiper at Cheltenham in XBSQ wu 
by the powerful agency of tho press cuniuuiuicated in a few days 
to the whole ooantry. Great i-xpei^u-iLions of the value of ih« 
new procfW were formed, both by scicntitic aud practical men, in 
proof of which it may l>e ntat^d that licenses to nuumbctore 
malleable iivtn nniter the patent were purchased by inmmastera 
to th«* i'Xieiit of £i5,*MK> in loss than Lwvuty-tivo days from tbe 
renting of the Cheltenham pa)>er (freal cxcitemeui existed ai 
that n<ontetit iu the iron tra>le, aud many persons seemed to covot 
A shai-e in an invention that proniise-l so much; there was, con- 
sequently, It fjcuerat rush to the |Kit<mt olUce, each one iiitent on 
securing his supjtosed inipruveiuvnt. It uiis thought scarcely 
pusnibU' that the origiual inveutor should at the very outset have 
accnrod in bin pnt«*nis all thai w.-ut necessary to tbe snooeu of so 
entiTf ly n<<vtd a system, be nuwi surely havf overlmiked or fur- 
gotten sometliiug'; perhaps oven lefi out nil mention uf aome 
ordinary ap|ili.tiu'e tiio well nuderstood to really need mentioniog; 
so in the jiistle ninl hnrry to s<^>cui'e sometliiug, any point on 
which n future claim could Im rear«>d was at once patented. 
Some of these gentlemen even tt-)intented portjonsof the writer's 
own (Ateiits, white others |uileiited things iu daily use, in the 
hope that they tuight be considered new when added to the pro- 
ducts c)f thi' new (irooess. 

Within six weeks of the date of the Cheltenham pitper, 
Mr. n<.tbert M ushel bad taken out three patents, which form part 
of that long series of patents by whicli be hoped to aecure to 
liimself the sole right to employ nmiigurieM iu oomhinaliou with 
iron or steel made from pig irt^m by forcing aimoxpheric air 
tlirougb it. In this long series of ftaieuts alm<«t every oouoeiv* 
able mode of iutnNlncing manganese into the metal is sought to 
be Secured. It was claimed if nnfd in c»oih)nntion with pitchy or 
other carbonattfous matter; it whm olaime<i if Kimply used in th« 
metallic form, or, as Mr. Heath calls it, a carburet of wanganeve; 
it was also claimed if cooibiueil with iron and cnrbon~>as iu spie- 
geleisen. Manganese, iu any of these states of oomtiiuatiou, was 
cininieil If put in with the metal prior to thu oommeufvment of 
the pnioess; it was claimed if put in during the onntiuuation of 
the process, and claimed if added in the steel after the process had 
been completeil: it was idsn claimed if put iut^) any furnace, eni< 
cible, or vessel, t>iiit the converted motd might be run or pourtKl 
into; in fact, nianganest^ and il«> o»nip^snuds were so cuumed 
under all imtiKhuOtle conditions, thatif thlsaerieaof iMtentacoaJd 
have been sustained in law it would have bvcn utterly imp<^saible 
for the author to have employed niwignnese with stc6l made by 
bis process, although it was ofui.tidprwi by tlu- traile tu l« impoo- 
aible Ut make steel from a c-ike-maih; iron without iL 

In the Mining Joxirnnl of Sepienihir 24t^, 1K53, jind fnnr 
yearii before the tirst uf Mr. Mushet's series of [latealSf a lolttr 
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wag published on the subject of Hoath'a invention. Tlio writer 
of that letter aaya — ^"I am n steel maker, and deny that steel was 
vver made with the addition of carbmi and mnnganeso or carburet 
of mannnew prenoaaly to UcatU'^ iuvuution, and I confideuily 
fcaeert that no cattt steel oiaker can now carry on his baaineas to 
profit without tha aid of carburet of maiigaueao. There are,** he 
says, "a huudrtKl methc<U of improving Kteet with manganeae, 
bat they all involve the aame principle. Put carbon and nian- 
ganeM into the steel pot in any form von please and at any time 
yon like, and if the steel be Ihorougfily melted the carbnret of 
numganese molts aUo and h alloyed, and the improvement is 
aoerringly effected, and by the use in every inatAiico of carbnret 
of manual) BKe.*' 

Thia letter clearly shows how well the subject was understood 
in the ateel trade thirteen years ago. 

Very soon after the reading of the Cheltenham papers, several 
rough trinla of the Bessemer proceM were made privately by per- 
sona in the iron trade, and defect* discovered which were supposed 
by practical men to be perfectly fatal to the invention. Once 
more the press teemed with aoomntii of the pmcesM, but thin time 
it spoke only of its utter ini practicability, and of regreta that the 
•xpeetatiuus orijjinaUy fomjed were so fullacions. The storm, 
however, gradually subaidwi, and ihe pmceas and ita author were 
800D entirety forgotten. Imperfection* in the process there cer- 
tainly were, but the author had had the most irrefragable proofs 
of the corrtictne-ssof the theory on which his iuventinn was based, 
and also that the reaaouiog on ifhich It was so utterly condemned 
by the trade was in itaelf whnliy fallacious; he therefore decided 
Dot to argne the tiuestion nt^ninnt. a hundred pens, but to ener- 
getically proiMKute bis experiment}), and to remain silent until he 
coald bring the process to a commercial success. When, at the 
expiration of about three yeart of inciessjtut labour oh the part of 
himself and partner, Mr. Longudon, and an expenditure of more 
than £10,000, Uie process was ag-uu brought before the public, 
Dot the slightest interest was maDtfealcd by the trade; it bad 
been for yoara agreed on all nidea that it was a total failure, and 
ma looked upon simply as a brillijint meteor that had suddenly 
flitted across the scientific horizon, leaving the subject in mora 
palpubto darkness than before. Tliis entire want of conGdeuce 
on the jiart of the trade was moat discouraging; one of two things 
became imperative, etihor the invention must be abandone^l, or 
the writer must become a ateel mauufaoturer; the latter alterua- 
tive was un hesitatingly acceplm), and Messrs. Ilenry Bessemer 
ud Ca determined to erect a steel works at Sheffield,' in the rery 
heart of that stronghold of ateel making. At these works the 
pioeeaa haa ever since been saoeesafully carried on; it has become 
a achnol where dozens of practicid steel makers received tlmir 
first lessons in the now art, and is the germ from which the pro- 
cess has *|jread into every state In Europe, as well as to India 
and Americ't. 

By the Lime the new works at Sheffield had got into practical 
oporation the invention had sunk so low in public estimation that 
it was not thought worth paying the X30 stamp, due at the ei- 
piratiou of three years, on M p. M n«hei*8 large batch of mauganeso 
patents; tJiey were, oonsequeutly, allowed to lapae and becomo 
public proiierty. 

The author has, therefore, uaed without scruple any of these 
nomemus patents for manganese, without feeling an overwhelm- 
ing sense of obligation to the patentee. 

At the sugKostion of the author a works for the production of 
maoganeee alloys was erected by Mr. ileoderaon, at Qlaagow, 
who now makea a very pure alloy of iron and manganese, con- 
taining fi-oiu twenly-ftvi: to thirty per cent, of the latter metal, 
aud posHeiwinG luioiy aJviintagea over spiegeleiscn, which it will 
doubtless rL-plrice. Two bright rods of I^ in. diameter will be 
found on the tatilo, iIk'v were folded up cold under the hammer. 
Thia extremely inUj'lj motal la made by using Mr. Henderson's 
alloy in lieu of spiegeleiseo, which is incapable of making ateel of 
•ach a quality. 

A Prussian gentleman, M. Prei^r, has been also sucecasful 
in manufacturing a new alloy, which he calls ferro-niangaueT'e, 
consisting of sixtv to eighty per cent, of metallic manganese. It 
ia extremely useful in making malleable iron by the BcKsenier 
process, in which spiejieloisen cannut bo employed on account of 
the large proportion ofcarlwn it contains. 

It isgraiitying to turn from a review of the troubles and im- 
pedtmeuta of the past, and briefly notice some of the more impor- 
tant applicationa of steel as a substitute for vrrought-lron. 

Id oo caae ia this change of material more important than in 



the oonatruction of ships, for in do instance are etrength atd 
lighlnesfl more tasential. 

The Btis«>uicr cast ateet mrulc for shipti' plates by thrt several 
emioent firms now engaged In that miumficlare, is of an ex- 
tremely tou!;h aud ductile quality, while it pnsiwsae? a degree of 
strength about double that of the inferior kind of iron plates 
lunalTy employed in ahipbnilding, hence it ia found that a much 
less weight of material may be employed, and at the same time a 
greater degree of atreugtb may be given to all parts subjected to 
heavy st.rains. 

Moat prontinent among the builders of steel ships is the firm 
of Jones, t^uiggin, and L'c, of Liver|iool, who have now conalrae- 
ted DO lesa than 31,310 tons of shipping, wholly or partially bnilt 
of steel. Of these, thirty-ei^rht ve^els are propelled by steam 
with an aggregate nf 5!J 10- horse power, beside»i this the principal 
masts audspara of eighteen sailing HhijM have been uiude by them 
wholly of steel. 

Vessels of a large size, constructed to class Aa twelve years 
at Lloyd's, weigh, when built of iron, about 12 cwt. per ton mea- 
surement; whereas similar vessels hiiilt of steel weigh only about 
7 cwt. iier ton measurement; thus an iron lahip, to take first-clnss 
at Lloyd's for UX)0 tonu measurement, would weigh 25<i 
tons moi-e than a steel one of the aame cl.ass. Snch a vessel could, 
therefore, take 250 tons, or 25 per cent, more freight at ihe B:Lniu 
cost, or could avail herself of the diflereuce of iraniersiou to leave 
or eater port when ihe tide would not permit an iron vessel to 
do ao. As a Btramer she would carry %'iO tons more of coal, and 
thus be enabled tu lengLhcn her voyage or take her cnnl for the 
return trip. The two ateel paddle-wheel steameni launched at 
I*iverp'wi by Mesars. Joues and Co., on the I3th ult., for Dublin 
and Liverpool service, will draw frrun 3 fl. to -1 ft. lesj* water than 
iron steamers built on the same line9, and being thu<t enabled In 
leave port at all states of the tide, will not retpiiru .-i tidal train in 
connection with them. If the employment of ateel for the rt>D- 
Btructiou of merchant vctsul^ iu found tn be so important, how 
much more so is it for ships of wur. Some of the larger class of 
armour-plated vessels require (iOt'i) tons of iron for their con- 
struction, and an addition of 1600 tonn in the shape of 4|^jn. 
armour plates. Ni.w, if the frames aud inner skin of such a 
vcntel woi*e cunwlructe*! of steel, it wuuld be much stronger even 
if reduced to 4(X>0 tons in weight; Ahis wtJuhl admit of din. 
armour plates being used in lieu of 4^ in., and would still leave 
the vBBsel 200 urns lighter than the prpsenl ones; aud hence, aa 
the resistance of the armour to impact in as the square of (be 
thickness of the plate, we shoold have a vessel capable of resist- 
ing four times the force of those at prescut constructid, while !t 
would bo 200 tons lew in weight. 

These imiwrtant facts have not escnpe<l llie attention of Mr. 
Held, our present talented constructor of the navy, and we shall, 
doubtless, soon have substantial prtiof of what maybe effected by 
the employment of steel in the cotistructi»n nf ^hips of war. 

The applicatinn of steel for pi-njectiles has now become a neces- 
aity sinne the intriHlucttnn of arninor platea. We have before us 
a no lb. shot, that haa passed with very slight injury through a 
^inch armour plate, and aUn some specimens of bent augle iron, 
raaile of Beaaemer imii, and nilled at the Millwall Ironworks, 
in London, and from th» same wurks a portion of one of Hughes' 
patent hollow steel beams for supporting the armour plating in 
course of construction for the fnrts at Cronstadt; both thes-* are 
interesting examples of what the rolling mills of the present day 
can etf'ect, and nf the facititj with which cast mutleable iron and 
cast steel admit of being workei) into the most dif^cult fonna. 

There is uo dopartnioiit in engineering In which the peculiar 
tonglineas of steel, and its strength and power of resisting wear 
and abrasion, are of such vital lmportaiu» as in its application to 
rnilway purposes. Thin face had long since impressed itself 
strnoffiy on the mind of Mr R-imsbottom, of the London and 
North-Western Rtilway, who commence*! experiments with this 
material in li^l ; carefully, though trnstiugty, he trieit it step by 
step, not even at hrst venturing to employ it for passenger tmlns, 
but as proofs of ita sufety and eoononiy crowded upon him, be 
carefully applied it to the mnnt importnnt parts of passenger 
engines, and even to the manufitcture of the formidable engine 
cranks fat that time eninwtwl only to the most eminent iron 
making firms in the kiii;;>l'>Tn), these iron cranks are now being 
replaced by ateel ones lorged from a single mass. One of these 
steel cranks, manufactured at the new steel works at Crewe, has 
been obligingly lent by Mr. Hamabottom as an illuatratinu of the 
use of ateel for this purjjose; that gent]cm.'m h.ia alto taken out 
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of use a plnin steel aile ttint Tins no n diflUDce nf 112,516 tuilea, 
aud now cxhiltiu vary alight digus of weAf. 

TliB tirea of wheel*, on which to luiich of tho public sflfety 
depoixK were then tried, bnt the exact amrtuiit. n( <|i[rflren(» 
betWMQ Ihe podiirnace of wrought-iron and Btissemer Btecl fir 
this porpoM is not yet aacortftiocd, aa none of these ateel tin'« 
un jBt worn out; but enough htm been shown to prove the advun- 
tue of entirely repUciug iron by Hteel for this purpoBo. 

In onlw lo ohow how a steel lire will resist tha juoat violent 
att«mpu to pPHhice fracture, an example is piven of a steel tire 
nanafictured by Messnr. Beswuier and Co,, of Sheffield; it was 
placed on eclj;e nuder a Bix-ton ateim hamnipr, and Bnbject«d to a 
series of powerful blows antil it assumed its presoni forty, that 
of a fignre of 8, a degree of violence immensely more than it 
oouUI ever bo subjected to in practice. These tires arc made 
wiibont weld or joint, liy forging thera from a Wiuare ingot, partly 
under the improved pUn invented ity Mr. Ram-tbottom, and partly 
by an ir»provi?d rooile of flanging and mltitig, invented by Mr. 
Allen, of the Iiw«emer Steel Wuiks, Sheffield. 

Hv iroporlaut were found to be the advantages of employing 
cast steel as a substitute for wmnglii-trou at the works nf the 
London and North- Western Railway (Company, that the directora, 
acting under the ailvice of their able engineer, determined on 
btiilding ft lai-gc steel work* at (.Vwp, which i* nnw in active and 
saccessful operation. In the design and arrHngeuieut of their 
plant fiir working up the ateel several important improvements 
nave been intrwluced by Mr. Jtftmsbottoni. among others his 
daplox hammer, which strikes a bloom on bot h sides of the ingot 
at once, in a horizontal dtiection, and thus ri*ndera unnecessary 
the euormous foundntions required for ordinary hamniei's. Here 
also, bebas pat up his improved rolling mill f»r rolling blooms 
of large size, the enormous nmchine l>eing i-evei-t«d with the 
greatest rapidity and ease by the attendant, without any shock 
or concnsfiion whatever. 

While mattera were thus steadily progressing in the engine 
department of iho (ionip.iny, the engineer of the permanent way, 
Mr. Wondliouae, look in hand a thorough investigation of a no 
leas ini|)ortant problem — viz., the milistitaiion of cast steel for 
wrought-iroD railway bars. For tliia imrpose some 5(iO tons of 
rails were made, and pnt, down at varioiiR etatiuna where the 
traf^c was considerable, so as to arrive, af, the earliest period, at 
ft true comparison of the re8|>eetive oudurance of wrought- iron 
Aod caat-sieel rails. It will be unnecewtary here to enter into the 
numerous details of the extensive series of experiments syste- 
matically carried out by Mr. Woodhouse; tlie trials made at 
Camden will suflicn to show t)ie extraordinar}' endumnce of steel 
rails. It is supposed that there is not one spot on any railway 
in Eunr|ie where the aninnnt of traflSc equals that at the Chalk- 
farm bridge at Camden-lown. At this spot there ia a narrow 
throat in the line, from which converges the whole sy-item of 
rails employed at the London termini of this great railway. 
Here all passenger, goods, and ooid tralTiu hnve tu pass; her«, 
Also, the making up of trains and shnuting of carriages is con- 
tinaally going un. At this pai-ticnlar ap^t two at«el rails were 
6xe<l on May ^nd, IH(;2, on one side of the line, and two new 
irou- rails were on the same day placed precisely opptwite to thera, 
•0 that uu engine or carriage could paw over the iron rails with- 
oat passing over the ateel ones also. When the iron rails became 
too much worn to bo any longer safe for the passage nf trains, 
tb#y were turned the other wsy upwarvis, and when the second 
Bide of tlie rails were worn an far as the snfety of the traffic would, 
allow, the worn out rail was replaced by a new iron one — 'ths 
same process being repeated as often as w.ts fnund necesnnry. 
Thus we 6nd, at the date of tlie lase report, on March Ut, 18(1.5, 
that ifleven rails bad been entirely wore out on both faces. Since 
then another has been worn out up to J idy, making sixteen faces 
worn out, the seventeenth face beiuy in use on August 2iu<\, 
when the steel rail that had been pUci'd opposite to ihem was 
taken up in the presence of the writer, and, by the kind permis- 
sion of Mr. \Vi>odh<ni8e, now lies on the table before the mectiupr. 
The first face of the rail Only has been used, and this is now 
become much thinner than it was originally, but, in the opinion 
of the platelayers, is still capable uf wearing out auotiier half 
dozen faces. Taking its resisting powers at three more faces 
only, it will show an endurance of twenty to one in favour of steel. 

Mr. ■VVoodhonse has aacerlaiuei], by caiTfut and continued 
testinr for twenty-four hours at a lime, that nil averngo of 8t>82 
engines, tondem.or carriages pn.M over the steel rails every tweoty- 
lour boura, eriuni to 16,164 wheels eveiy day for 1207 days, 



making a total of 9,751,974 wheels passed over the rail. Subject 
to this excessive wear the rail api^eira to have been reduced 
74 lb. per yanl, hence, for every grain in weight of steel lost by 
ftbrnsion, no less than 371 wheels had to pass over it. Another 
steel rail, put down niso in May 1862, at a place much lesa sub- 
ject to wear, h«« hail f'^ur faces of iron rails worn out onpfwite to it, 
and still appeiirs as if very lildc usc-d; tins rail is also pinceil on 
the table. An iron rail wears out by the giving way at various 
parts of the imperfectly welded mass, and uot by the gr;idual loa« 
of ])articl«i of metal, aa in the case of the steel ndl, which ni> ' 
amount of weAr and tear seems capnhto of disjointing. It must 
be borne in tniud that this enormous endurance of casl*steel Is 
not owing to its hardness or brittleneu, as some have supposed, 
for, in fact, Bessemer steel possesses an extivme degree of toagb-' 
ness. There is before the meeting an example of this fact: oo« - 
of the same quality of steel rails having been attached at one cml 
to the main driving shaft of astcam encrinc, so as to twist itwbilo 
c<'Kl into a long spiral, measuring 9 feet in length at top and 
bottom, and only 6 feet if ninaMurrd along the centre of the web. 
A single glance at this spiral i-ail will, It is presumed, dispel any 
ideaof britllencsa that may have been entertained. 

Jd condusinn, it may be remarked that cast-steel is now being 
osed as a substitute for iruu to a great aud rapidly iucreasing 
ex ten L 

The jury reports of the Intemattonal Exhibition of 1851' 
show that the entire production of steel of all kinds in Sheffield 
was, at that |>erind, 3.'»,0<K) tons aniimdly, of which about It^OOO 
toua were c-tst-steel, equal to 316 tons per week; the few other 
small cnst-steel works in the country would probably bring np 
this quantity to -UtO tons per week aa the entire produetioD of 
caat-sleel in (Ireat Rritain. The jury report also states that aa 
ingot of st'H;!, callefl the " monster ingot," weighing 2-t cwt., wn» 
exoibited by Messrs. Turlon, and was snppoi»ed to be the iargesty 
mass of steel ever mannfmctured in England. Siuce that dat-e al 
great chnni;e hns been made, for the largest Besaetiier apparataa4 
at present erected in Sheffield, at the works of Messrs. John { 
Brown and Co., is capable of producing with ease every four j 
hours a niasn of cast-steel weighing ii tons, being twenty times 
larger than the " monster ingot " of 1851. 

There are now seveuteen extensive Bessemer steel worka ia 
Qroat Britain. At the works of the Barrow Steel Coiupaoy 
1200 tons per week of finished steel can easily be tamed out, 
and when their new converting house, containing twelve mor» 
five-tun c*»uvertera, is completeii, these niagni6c*nt works will be 
capable of pn>ducing weekly from 20<K> to 2400 toua of cast steel. 
There arc at present erected and in course of erection in Euglaud 
DO less than sixty converting vessels, each capable of producing 
from three tn t*<n Unm at a single charge. Wheti in regular 
operation these vessels are cajMtbltt of prulucing fully (iOOO tooa 
of steel weekly, or equal to fifteen times the entire prodnctioa of] 
cnst-steel in Great Britain before the introduction of the Besse-i 
mer process. The average stalling price of this steel is at lesstl 
£>iO per ton Iwhiw thp avei-ase price al wliich cast-steel waa sold 1 
at the period mentioned. With the present means of prodnctioiii 
therefore, a saving of no less than .£4>,£40,'JOO per annum may bo 
effected in CIreat Biitain alone, even in this infant stale of tho 
Benemer steel mauuiacture. 
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A TVwJfiM on Gas Works, and the praelice of Manu/atitiring 

anti DUtrihuting Cnul Ga*. By Sajhtbl Ucobes, i\ E. 

Secnud edition, with illustrations: revised by W. Riciutuis, ] 

t.'. E. Loudoo: Virtue Brothers & Co. 

The second edition of a small manual on gu works and the 
practice of manufacturius aud distributing oonl gas, uriglually 
written by Mr. Samuel Hughes, has just been pQbltahed. Thia 
editi'in is said no liave been revised by Mr. Richards, formerly of 
the Chartered Gas Works, and lately manager of gas works at 
Barcelona, but, in point of fact, it has been nearly re-written, for 
little of the original remains, with the exception of the first aod 
last chapters. The mannfaeture anri supply of gas haa now 
become so important a matter, and it is oonductcd on such aa 
extensive scale, that the construction of the vnrious kinds of 
appnratuH employed and the processes nf distilling the coat and 
purifyitpg the gnK rerpiiii; sn large an jinuiuut of engiueering and 
mechanical skill and of chemical knowledge, as to raise what wi~ 
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formerly regnrdeH roerelj u & simple inecliaDicnl art to 0)« nok 
of a sci«rDce. Id this 'Knonftl the subject is treated tii a aammary 
maiiDur. without eiitcrioK luach iuld detail, but il convcya n 
Bufficiont knowlcilge of the modts a{ mnkiiiif and Hupplyinq: i<aM to 
nerve the purpone of the 'geoeml rexder; and it contains niucli 
iufomiatiou alfto ihht will b« fouod valuable to ihn engineer, and 
to thoae euftnged in nay of the many n|>emtions now requisite for 
the eiiectioQ of a gas work. To show t-hpnift^tiitnde of the aciUeou 
vbich Ruch operationa are now condu<!tf<l we may atate, there ie 
at present in the course of conatructiou at the works of the 
Impenni Gas Canipnny at Fulham, uudor the mnnai^einent of 
Mr. Kirkhani, n jfnalioldwr of the diameter of 21(0 fi-ct, which, 
vhcD Cfluiplrti-d, will cuutain the poonnoiia quantity of four 
million cubic feetofffae. It may ho will conceived that in the 
excavation of the tank fi>r such a giLoholder, and in the uoDalrao 
tinu of the ironwurk, a givat aitiniint of ciii^ueertng skill is 
requisite, nod that many minute circuiiiataDces moat be attecdetl 
to, without regard to which the whole miyht provp a fnilure. In 
the early days of gas lighting, Sir Humphrey Davy observed, 
Bueeringly, to Mr. Cleg*?, that he su|>pueed they would want to 
convert the dome of St. Paul's into a gasometer, little dreaming 
that in the course of half a ceuiurv manv gasholders would be 
made far surpassing the dome of St. t*aul's in internal dimensions. 
To give some idea of the tunny matters thnt require to he attcudetl 
to before eiu can be mannfactured and supplied to our houses, it 
will be nuly nec«i«Rnry to recapitulate tumio of tlio subjects treated 
of in the various chapters of this work. They comprise, the 
chemistry of grw liffhting, — the carboniaatioo of coal, — the retort 
house and buildings, — Iht^retorla, — retort saltings, — thehydraatie 
m&io,^ihe purification of gas, — the gasholder, — theoxhaustcr,— 
gas mpters, — laying mains and sewers, — pressure iridicalora an*! 
regulators, — burners, — residual produota of distillatioo; and other 
processes and apparatus, in all of which chemical science and 
-raechiUtical skill of a high order are brought to benr, to enable 
the gaa'compumes to supply gaa of the illuminating power and 
purity, and at the price we now obtAin it, though we are ready 
enough to grumble at its quality and cost. There is no doubt 
that it mieht Iw better and cheaper, for in Liverpool gas uf 
donhic the illnminating power of thai anpplied in London, is sold 
at three-fourths the price; but such nn enviable state of gaa supply 
has only been attained by exoeptionnl circumslauuee omibioed 
with most eicellent mniiagement; and it is some aatisfaction to 
think that in the MetruiKilitt, where coal and labour are dearer, 
improvenieota in quality and reduction iu price have been and 
are in progress. 

Tl)« original author of this treatise on gasworks has made 
himself known lutely by his hostility to gas compiiuies, aud by 
Inciting the local nuthoritiea in viu-ious parts of the Lingdom to 
demand that the gas should be anpplied to the public lamps nt a 
lower price than to private coEHumers; and one of the means he 
ueaally advocates is, that the ga« snpplierl shnnld be measured b/ 
nietiv, one metro being fixed to every twelfth lamp. To enatire 
HDiforraity between the nieti-e<l and the unmetred lampa, he 
eoforcaa the ujw of a dnuble lap, by the rce[ulation of whioh to a 
given pressure he contenda that the desired uiiifunuity can be 
obtained. The introduction of the double Uip is u great bone of 
contention between several gas companies and the h-cnl authoH- 
ties; and as Mr. Hughes generally attaches so much importance 
to its use, it is remarkable that do mentiini whatever is made t>f 
the double tap regulator, in this second edition of what purports 
to be his treatise on gaxworks. 

Auoiher of the points not lonched on in this book Is the dif- 
ference that is canse«) in the pressure of gas when snpplieil at 
dlffcreut levela The dilliculty of supplying gas to pUce<t below 
the level of the gasholder ia one of the teaaona for recommending 
th;it the site of gasworks shoulil be on the lowcKt port of a town; 
but it is a curious fitct that all gas engineers seem to euLei-taiu 
an erroneous opinion of the caune of the dilRcutt) . They attri- 
bute it to the levity of the gas; for it is asserted ilinl aa ooal goa 
ia much lighter than atmoMpheric air, it must ri^ in the maiiid 
and pijtes, and rush cut with more force nt greater elevations 
than in lower phtces. In this opinion, however, weconlend they 
are entirely minL-ikeu. The prewun within the mfiiim would be 
the sniue at nit fK>iot«. when uo gas is being supplied, aud were 
there no le.iknge. The ditTereiiee between the pressure inside 
the mains and outside at ditferent elevations tlepeude, we believe, 
altogether on the dimiuuiiou of ntmoapherio presnure at high 
levela Ala height of 2uO feet the difference would iimuunt to 
a prcMure equal to about 4 inches of water, aud that ia more 



thaD sufficient to account for the difference experienced in the 
pressure of gas at various elevations. We shall perhaps return 
to this subject on a future occasion, and shall now subjoin a few 
extract* fi-nra the treatise on aasworliH, diwcrihing the procoas 
of distilling coal for the production of gas;— 

Cnrbonimlion or IHttilUition of Coat. 

"The first prooem in gaa nuiniifacttirc> roovists in submitting the oiial 
tft the action of a high heat, wliereliy itti dc-atnicUvs diBtiUiOUm, or um 
generally termed cartwnisation, is efTectwI. In pmcticj?, lLi« t* finuu by 

EUving tbu ooai into rottru of firu-cUy nr iri>n, which are prcvjoiidly 
atof coiisidKnibly ulxive itn puint of ij^nition. 

The n^tiirt boing charged «ith ooal, ia tboD barmeticaUy clrved with a 
doiir a»d 1utin>;, leaving no roowm of escape Tor the gas, except thmugb 
tlic ftwx-neioTi pipe. By theH) meanii tliecoml is d©oouipo»cd. aod the ^aN 
cvdlved, and wheo ofii>ctua]Iydono the fMiiilue left in tlw n-t^irl in dimply 
onke — a substaaoe chieHy (xiiwiiitmg of ciij-b'>n. coiii:iiuiiig n^iithor bitu- 
men, tar. DOT other vnlaJtilu matter capable of yielding a useful ga« Uv 
the purpo«s of Ughtiug. 




The gu oxpdlcif from the coal pwsei fnm Hia rel.trt A iRg- 1), o| 
the vertical pipe, uallad asoettskm pip^, C; then traveiw-a tlie hridgf, r 
H-pipe D, down tha dip pipe E, inU> iba hytlnuilic main L — whicli U 
tarjo tube placdl horizoatally, and vxtcuiUu^ iiluug the length of d 
funiaoos. B is the monthpieoa attactw^d U> the reUirt; H [s the Uil 
t|i«ur of rooathpiecc; J, the scrsw for "ecorin;^ the same; K. the fiir»w««; 
K, the funiooo door; and G the uh or evaporatiog pan. 

The hydraulic iiuun is alxiut half filled wilU waL)!r or tar, Uito «hii k 
the ends of each and all tbu dip [>ipv» aiv iiiiiiiwiwd, aud the gas, m 
geaermted, farnn iU paMaav tlm>V({h Lho Itquul into the tf^tx »Uive, bui 
cauoui again rstum into uw retort*; su that wheo onw arrived la ''-^ 
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hvilrauUc main, it ia fiMy secnrfKl, ftod reader for tb« opentioo of 
jiiuilicAtioD. 

The rea«oD of this U very nrnple — for tb« h«at, in oxpeUiog Ui« gw 

(rota th« cool, by tbu viutly {Dcroued volamti, onotes s prestura or force 

-■liuUar to ihAt of ttcAin when generated fn>iu water, toe ttm prooeMos 

Ibeiii^ ideuLical. Thi* preuture being aupctior to the obataclea which 

'uppoM tbs podaage of the gaa, moh aa ths dipa of th» hrtlmulic miun. 

fecnibbcn, pariG«n^ sa«lioklsr. and atmnapberic pcHSurti, the gnu in ccm- 

aaquanoe paaaea h«eTy >a gMiemted; aiut the oolumn of liquid in the 

bvtlraulic tunin and dip pipe bcini; ooimiderAljIy ^rnaccr than me presBure 

of the gM when iu ihv bolder, it i« thua prevttutcd from retuniiiig to the 

reUirts 

In tho nuiaufacture of gaa, the proper meaiu of oarbuniriiig oool ia o( 
thtt 6nt important:; tgn^ranM on this point htut oftao eotaiM ooiuride- 
rahle and berioiie Iim, wht-ii. Ky a little iiite-llij|[eiiC6, proportiooate profita 
%muld' has-v re»iilleil. To eitniirv the oeocsaarj degree of boat for the 
retort ia of Him utuiost ci>a»?q\>?nco. 

With rcfLtrum: to tJio beat wlucb it is proper t" etaplny in the diatiHa- 
tion of oool for gHM-tnakiiuf, it in unfortuuate tkal aeicnce hati not yet 
fTirniahed the practioal moo mtb any convenient muthiKl of vetlruatiiig 
high tomperatwroe. Wwigwr-id'a pypitoftter, thoMgb ttxtniniKly logo- 
ninua, givca aU ite indiration» nn *n iimall a base line lu to require an 
acfturacy and homogeneity in Iho composHion of the clay oyliiidBW 
ifinploynl which in physically tmp«>«irtiblio. The rauge of temperature 
iiKltcated by ibn WmljfW'Hxl |iyniuiut«r brtii^ tiioiv than ben timtui )i^'>aler 
tbiui th« nui^ fnun the freezing to tb« lioiting point of waUir, Ium tu bu 
expretued witbiii the limiU of only |thK ufaii inch, this being tlu: «xtcat to 
which a cvUuilur of clay ooucmcts Ijetwe^n a fnint red heat at about 
l».'t)'^ Fohr." lui'l Iht) inultmx p<;int of caatiron at *^00° Fnhr. It is true 
tbis very uuull range of tUis of au inch, divided as it la iato 210 parU, 
ia mads apprsctable by Wedgwood's contrivance of rsadiiiA off od a haae 
or ruler about 2 feet long;, hut tfae delicacy of observing and manipulating 
with Rucb an in«tnini<!nt i» ton great to render it aVMlable for practical 
l>ur^>r>R<*n, befflde« whiirh the <mdob or cylindura of clay can never be pro- 
cured ftUfrieifiitly uniform iu strTicture, 

DaniV'irH pynimi'Vir is, perlupH. luperior to any other tliat hoi he«n 
tried. Jtm indications are cauaod by Lhe expansion or Lvntrucliou nf u 
bar of plntinnm omnecteil with a lover which auta m lui itvics. 'Iho 
dial oil which the index revolveg afTttnU mom for a groutly iuovaiwd 
ffjiatft) to rend oS'the reeulte, but thie infltrunieat for prftctical um itt liable 
to aiiiDe of the ubjectioiui a^inat We-lh^wiMxI'i pyn^meter. Tho leosnt 
loethoda |)iHnt»d out b>- Mr. Prinacy for detcnoiniag high prcusunw, by 
m««oi of filling the m«ta!a and their alloys, ia far too tfouhlcsome and 
oomplioated for practical uso. The beAutiful expericiuot of obtaining 
the tempcmturo of a fumaoc by means (>f thermo-electric currenta !b also 
far too delicate for orriinaiy use, and until some oantrivmict! nu>r« capable 
of hring reduced to daily practioo shall be intro<laood into ^ui>»ial()»g, 
yta nnut be content to bo guided in a great measure by the oolourt pre- 
H»[itH<i by thu iuturior of the furnace. 

V-twi wbt>n Fiibnii1.te4i U> a tumfMitatuni approaching to ti^^O" Fahr.^ 
thnt ia, a rtiry dull red heat an a«ua in (he dark, a degree of heat which 
slowly <:han piipvr, but does not tnfliune it — ila roUtile matter is resolved 
Uito tar aud oil, aud little or no gaa in evolved. 

Mr. Vouug. of Bathgate, turuoJ tlw knowledge of this simple fact tn 
v«ry great advnolugr, by deeouiposiiig Boghead oanuet coal at tbat 
dp«rtw of temperature whereby oil and tar only art' obtwnt'd, whitth arc 
afUtrwarU purified, and uotvertally known an paraffin oil. When the 
operation Is properly cimducied, the quantity of gaa evolved is vtiry xntall. 
ill «i>iiio caace perhnp<« not I'loeeding Rfi feet or lOO Fe«t [ter ton, the n^st 
of tho voUUle coiutituenU being oondenwtt into liquid. 

Iu the oarbtuiiaation of cuftl, in proportiou as the beat of tbe ratorta 
iniarfuuea, m U the qaanttty of gaa augmented, and the tar diminished. 
Thu hot temiMrature for iron retorta ciim|iatiblu with thi^ir durability 
and good yield of gaa. rancvs fiuw 10C0° t<> ISOO" Falir., being chvrry- 
wil and bright oheny-red; hut with day retorts, a temperature betwesn 
rlull aud bright oraoge, or 21110" Fftbr., ia the most suitable, giving 
viuiLly tuperiKr results iu the pruduution of gae than can tver be attained 
by tho use of irou rut'irta. 

Iron retorts, wht-n worked at a low temperatoN, are of very cooaide- 
rable diimbility; in this state no dupotdt or iucnistation t&kuK plaoe in 
tbein; ttut tbcee supposed advuniages are oft«n dearly purc}uu>e<l. Ilie 
atti'ntion of the writ4>r wna once calle*] by a gas msJiager to the great 
durability of hm iron retorta, which h-uJ be^n in use upwards of fift*<en 
titoiitliH. luul never requtTvd clcfliiog of carbonaoeouE deposit, and wera 
almost in as g<H>il o(judilii>ii art wbeii tint fixed, litis w&a nil aabitui- 
ti.tlly oorreut; but on reftirring to tJic aooounta, ihu ytcld of gaa waa 
aswrtaineil not to have exoeeded 05U0 feet per ton; wbervae by an a]t«ra- 
lioit uf furuAocs. ao that the proper temperature for tlie retorts could bd 
attditii»l, the yickl was afterwams V2t>ii feet per ton. By the low tem- 
|>arulurv a Urge portiou of the coal was converU'*.) into tar, luid this in 
the locality being lUArly valueless, i\m euonuoua loiu oAn bo rcadUy undcr- 

As xiated, the moiiit advnntageoun degree of heat for carbonising coal 
is ttb.nil 21"° Fahr,; but wlion iron rcUwtw are heated above 1800^ they 
are tpevdily destroyed, or " burnt nnt." Clay rstorts, oti this aoconnt, 
have ao immitDse suporionty; tbcy can be h«at«d to the proper tempera- 



ture without the risk of injury; they are of cxtranrrlinary durability 
{th«ir avemge doratioo in some work* being foor years); the quantity of 
ooal carbonutid by them is oounderably groabir, and labour leas Uum 
whon irou retorte are used. Those coubiovd cirauu>stanoe« havo oaoeed 
clay rctortii to entirely sujjcrwido those of iron. 

The time the «»( remuiiM in the retort ia called the charge; thua, if 
subjected to four hours' distillation or carboniiatton, it is termed a fonr 
Ihhitb' char^gtt; if fur six houre, a six houri* f-hiUT|f. TIif» won! rhargot 
also applies iri the quantity, ta wbfn a mtort is supplied with a certun 
wwght of coni, say 140 lb. or 2cwt.. aa the case may be; they are re- 
ipectivuly ciiUlyI a cliargo of 140 lb. or a charge of 2 cwc. 

The nature of the coal must regulate the quantity and duration of the 
char)^. Some dHHcriptiona, aa cannels, yield the gas viiry rapi<ily; ao in 
Scotland, whore this ia very geoecally und. it ia found oeoMsary to have 
smidl ehargm uf Abtiut 1 ^ owt per retort, or loM, which in drawn evaij 
thrcu houn. With Nbwcaatlo oool. which does not yield its gaa ao 
readily, 2( cwt. are very ooinmou charge*, which is worked off sani»- 
timcfl iu five hours, but more generally in six hours. 

file coals destined for airtxinisation whouki always be in a dry state: 
and when by accident they are otherwise, if powJble tbey abould bo 
nhM»d along the retort-houw? and oppoatte tbir lwd<i in une, some hoora 
before reqoinsd, in ord<>r to dry them. In a/Mitinn tn tho evila of nH 
coab already eniimerated, according to the opinion of Mr. Lewoi 
Thompaou the steam ia eonrerted Into hydrogvo, thua impoverishing the 
gae; but howevw comet this may appear in tlieory, from my own 
obaervatioD it dove not <K;ciir in practit», the beat to which the abtasi 
ia exp<>e*Hl being insufljciont for its deuumpoaition. 

Thi magnitude of the works must aways dedde the faode of npera- 
tioD. Iu latKi: ostablishiaenta, where diAible retorta are owd, being open 
at both endi^, a. double aet of men is lequirotl to work them »o as lo be 
enabled tu churgu the two ends simult«nt'r>ualy. Tii'^ ocoaotuy of thia. 
over tbo <>ld uiolIkhI of Htting the retorts back to back Iti different ot'«na, 
is very oi tnRidenihle. . 

When double retorta are nitod, each end tt wnrkMl with at least thriw 
atokors, and an extra man for pre^paring the litis of the tnnnthpipoea. Others 
are reiptiped for extinguishing the ooke, wbeelinj; coal InVi the retort-hoDse. 
clinkerini; furnaces, and attending to fires. Thrtxi sVikers. anistoil by a 
man U< f xiingatsh the ooke, will porforra all the work rjf taking off (faa 
lids, mkiug out the ooke. eztinguiiliing and whpeling it away froio a 
beiicb of ^-ven retorts, la twelve or thirteen miuutea; tbey will then pot 
Uie proper charge for uaoh retort In rJie scoop, dbHver ita omitenta, and 
be ready fur charging auothcr beuuh in a further opuoe of seven minutes, 
while a fourth workman will, in the ineaDtime. hivvo put on the lids, ao 
tliAt the wholo work of discharging and charging the seveu retorts wiQ 
occupy barely twenty minutes. 

This extrcuio dexterity is of oour«e only aoquired by Inni* practice, 
and it raurt !*■ admtttod the Ubour is very severe: bnt this is moflerated 
by tho tiroo thi* men hivve ftir repose between tho chwire*. The fltvt 
priK,-ew(, ill diikrliftrging or drawing, is for one or two of the nwn to re- 
lieve the screws of th« moiith|)iccBfl of tlu; ret'irte about to bv discharged, 
by giving three or four n4>id Lunix; amilber tuiui iiulmitly i'iv>»< a knock 
to each of tho a-uas-biVB tc> dinriti^)i||;>! thitm fmin th» earn uf thi3 1i<L arvi 
at till- same limu stdkee the lid a blow witli a piece of iron ur hanunsr, 
in order to bieftk the luting, and a light U immediately uppli»l to pre- 
vi'Qt explosion, whicli woidd be likely to crnck the rutort If of clay. 
For want of thia precaution, many LuncutAblc accidents have happened 
through tho ga« exploding when combiue-J with atmoi^pbimc air. The 
mon ibcn lift off the crowt-bar nnd scrww <if each retj>rt. placing them 
on tbr grounri, ^nd thf>n i!.^ch seices hnl<l of a lid in t>ntb hiuuU, lifting 
by the pn^jccting ear% an) placing it aside to cool, rnuly for Inting for 
another duirge. 

Threo of the itokcTB than take up their iron rakea, which are tfaBply 
roils of J-inch iron, about 12 feet long, having a handle at uM) end; tha 
other being tumtjd at riubt luigU-w i" flat, about ij inches loiw. 2 iaalaa 
wide, ami 4-inch tluck. Theeo are inserted iu the retort, anil the led-hofc 
cuke drawn to the moath, whence it drops into the oi>ke vault, where 
there is a man ready to extinguish by throwing water on it; or when 
there u no vuult the ooke dnipe uito ur<D barrows pIaco-1 rea<ly to receive 
it, and wheeled rapidly away when the charge ia withdrawn. If the 
ooke wore nnt immediately extinguislie<l it would smoulder, and the sur- 
Ukoo l>eoomo covered with cartliy asli, and detract from its appearaDoe 
and value. 

Formerly, in charging retorts, the operation being comparatively very 
protnicti.tl. tbcro waa a oonaidernble Ioh of gaa, in addition to the tuna 
aud t'xlrn fAtiutie to the men. In unler to remedy these incoaveoieaioea. 
a m«ihiMl haikwoit contrived for de)MMituig the whole chmga in Htm 
retort at on(;e; for Ibis purptise an iron xoiip is used, tliis being a acni- 
oyUmler of i^ieet irou from ■? u* 10 feel long ttxiA 10 or 1 2 inches diaBaatart 
with a cruw bandle at the end to aaust io lifting and turning it round to 
cau>ty the ooals in tbo retort. 

i*hQ charge of ouai Is placed in the sooop w}iile it rests on the groand, 
having a bent rod undumeatb for tho purpa«c of lifting it '. oua nan takes 
bi>ld of ths croBM handle, and two otbcm lift tho other end by the beirt 
^Hl and introduce it into thtt mouth of the retort. The scoop withba 
contents is then poshed forwsrl to the farther eni), turned CfBtfittttf 
over, Htd immediately withdrawn, leaving the ooal In Ibe retort, whicn 
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li nlwd into * byer of Dnifom thieknMn, when ibt lit), previoiuty lutpd 
And rewly, is placed in ita piwitinn and annwed up aa <|iiickly u pnacible. 
Hie (iiierBtioa uf duhrgin; a rettirt vith the iicn«[i <1»eB not (xvcpy more 
ihikii tliirtj' or forty necoodi, lo thiit v«ry Util» oscApe of i;aa cao takt 
place. Ueone tlw aomp baa oocoe i^erolly 'mtm um wherever the worka 
an Urge enougb to lupply tlirae m«n for the purpiiM at working it Tim 
onoipcMittna for luting the retorta is nud« guuorally of the «pent lime 
fri'tn tfa« puriBtMrR, mix^ niib a litUe tiiv-cUy or loam, and wall irork«il 
op with <vat«r like oiortar. Id Inr^e woiks it i» prepared outaide tbe 
reUirt bi>u.>i« and brt>u^bt iu by wbu<:ll>UTt>w« ob required, la dKnating 
tbc rctiprl lid with the luting, the workmtui uewM a truwul, unii wurku a 
little of it up on a boiml, and applieA it all niund the rim, takiiiif care 
pnvioualy to dear off the old luting. 

Ia null woriu. which do nr>t permit of the nocMaocy m^a being 
employed to woric double rctortc, dingle retorU, generally about S feet 
iong, we UMiL Tbem an cluTj^ed bv means of l£e ibovd, and tbit pro- 
oaaa ta nAoemarily m^ire bt^lioua than the aeoop, and tbe expenwa nt 
labour for carbaiiinatinu tiK^nuuKd. 

The btida or ov«n» of riiiale rot«)rUi in very small works are placed side 
by nde, and estcod the; loii^ftb ul tbi> r>:b.>rl-b(iiu»o. In wirkft of larger 
Buv^tude they am placed back to Ijack 

Ills number of men rer)uircd to cnrboajae a given quantity of cool 
depundfl on the aize of the worka. At uxt«iuuve eaUbltshiiitMiU* fs/iix man 
carlmniKCiii from five to nix ton* of coal per day, wbibtt in amall work^, 
where i^tn retort* are uaed. often 25 cwt. it not attainuKl. In Scotland 
foriflvirly, aiid perhd(N at present, it waa s«metimc« the custom for the 
■token to be «ngaged by pwoe-wartc 

A vury fBaential paint in the carHoni nation of coal is to keep the 
interior of tho rrt<iru fn-*- from int-niiitatlan, and, bdeed, aa far aa 
pOMible, prvTi-ntuig It tak-^n^' |)iIW-■(^. Tbw inomstation, aa alrwuty 
referred to, ia u soUdifiajtiou of the ricli -rt purta (the h«avy hydru- 
caHMiii.-') of The gna, an'l whfn gaa is miltj ct«d to a high pressure and 
gT«at heat, tlicae are depooited in grout abiuidaooo. 

It aUo aniafti sevonU other diaodvautageN -it tnuregues the fuel and 
labour: by its olMtnictiuu mtideni more rcturta nocuHUuy, »o incrvunng 
the capital inVMit«d: iuid wLt.'r<^ver it fthnun^U tlio coke iKHlways of infe- 
rior i|unlily. in in>a Ktorta, wboru tliu heats areo»t to high an In thoM} 
of clay, tiuppuaing both to be subject to the same preaMin:, thi» deposit 
doe* not Uuce ]>1iun: »o ppeedily; but it is always la cxocas in tb(^ iKittcftk 
part uf Uie retort, whi<h is 'generally the dosed end, and diininiiihM 
towarda thv mouth in proportion to the dimioinhod temitumture. It luui 
oftsa been oonsiderod that tbu cxhauatar was nnnecessary wherever iron 
VBtorla wtm ased; but wberover the uicnistatioa of oarlma ooctut, either 
In iron, or day r«torta, it may bo takan as a direct proof uf tbe neoesaity 
of that tualruuit'nL. 

When day ret^irts are at tbs niuai adnuita^^eoos l4.>mporature, the gas 
having a prev<nre of Hi vT '2i inc)u.-e in tlwui, which in not inicomnioo 
when no exhauster is uaod; two or ihriM vt-edis nru siitEciettt for a very 
inoonvenient ncguniulati'>u of cakrb<Mi in thu retorte; but when the prve- 
aora ia diminisUed by the vxhauster to nboMt 1 inch, the aaine quantity 
at aoeiuoiiUlion w<'u)d rec|iiirv from tbn.'c to four rnrmthn. 

Ttko mode H(im>-tit£M7« A'Jopt4'<d to clt:ar out this carbon (tlio furnace 
bunv hiMxd an umiiU}, U to project from a tube a siiiaU jet of stiiam on 
Ul toe cniHt attached to tbe roof of the retort. The oxygen of tbe 
sioam combitiea wUh the carbon which gmdually diminUhes. ami when 
auffioieatiy thin can be cosily deta<'bed by means of n chisel bar, it being 
rpowved from tbe roof, like an iirdi without the key; tbe depoiit of the 
■ides bmaki away in huve lumpe. 

Othem ptvfirr » poriodtoal cleansing by luaving the ruturta uxpiiaed to 
the action of the aQnoaphere, tlie hvaia being kept up as uaual; for this 
norpuM: tbe door is placed in ita position, teaving about an inch spaoe 
between it and the uoalhpivcu. TIil* air eutcra and graduidly doanaea 
the Ktort. It is always adviuUe t» cltiar out thiu dep^it before it 
beoomea too thick; if ncgliicted, ita nccumulubion ia very rapid. 

In all ooal, combined with the ash, tbure are particles of iron, lime, 
aad other substauocx, whii^h iu«« and beoome slag, nr dinker. which de- 
posit* itff^lf between the fiimaoo bars and stops the current of ur. To 
effec-tuuJly reujove thi* tbe bars abould be loose, as hereafter stated; and 
the dinktr is ns^iiiv d«Laeb«d by moans of a anitehle bar. 

When ihp afw^nsinn pipm are placed too ehtac to tbe fumacea, or when 
the wall of the fiirnu-e ia nut suffiuienbly thick, tbe pipes arc heated to 
•uob a deffrec tlint tli>; htr in its paeaagie is deposited tbervou, a« piUib, 
•0 eausinf a Bpci.-Uy obstruction. 



Trannctiom »/ tht Societj/ of Engineef» Jot tit yaar 1864. 
London: E. 4 F. X. Spon, 18&3. 

Id noticiog the haitdsnTno volume now before ub, we eaniiot 
refrain from making a few remarks with reffireuce to the storling 
and well-oT^nit«ed society whose proceodioffs it rocorda. The 
Society of Engiowrj has, from tbo period of ita first cstAbli»b- 
ntent m 1654, contained within itM^lf the gervii nectwiary for the 
HttainTDeDt of a high poaition, althuugh originally, and fur a <X'n- 
■iderable lime aft^r ita lormatioQ, it adopted a uiietaken policy 
wiUi r«f«nu)aa to tbe Um easy admissiua of new meutlwni, aud 



the inadeqnale amuuot of Bubscn'ptioD charged. Tlie nntnr.it 
consequeLce of thia wna, that, nltlion^h nnmtiering AinoDg its 
members men of high talent and uut-rgy, tbo Kucii-ty onlurally 
failed to take ita due rack or asaumc its proper influL-tice in the 
pi*nfession. All tLitt liiut, however, been altered^ and the society, 
by dbowing n Siting acuse of whut was due to iiself, bos induced 
a general leeliug of coofidenoe on the part of men of nmk in the 
pi-ufessiou, who hnd previouely kept aloof ou tlie gi-ound that the 
society held itself " loo cheap." 

In looking at this volume of Transacltons, altnoot the first 
glance is suthcieottosbow, uot only that it eiuanntea from a body 
confident in itself aa regards the present, but also determined not 
t» Ue behiudhand in the future in ita represeutatiou of a profes- 
sion the very ewence of which is, and ever roust be, progress. 
We acconliugly find that the getting up of the volume is such aa 
lo bear favourable cuniporJHuu with that of nny exiBliog in^ititri- 
tion, for uot uuty ia the size large and the type bold and gooil, 
but the Quiuerous illaatralive litbogmphs are reainrkahly elejir 
and well executed, anil are moreover printed with a biank spAOe, 
so aa to admit of their being refurreil to while the {rtpers lire 
being read. 

Tlio volome of the preceding year was undniibLedly well got 
up, bot the present one is much in advance of ita predeceaaor, 
showing clearly that the spirit of progress to which we hove 
alluded is uot only appreciated, but at»u aclc<l upon by the 
council of the society. A valuable |japer by Mr. Zerah CVd- 
burn, on "CerUiu Methods of Tivatiug Iron in the Foundry," 
appeared lu lUU Journal for May last, and was read before, and 
furnia part of the Tr3tn»acUans of the Society for 1863; and the 
excclIcDt piLfter by Mr. M. Tarkca, on "The Wrougbt-iron 
Koud Briiigea of the Charing-crow Bailway," which was giveu 
in the August number of the Journal, was alsfi i-ead before the 
society, and forms part of the volume of Trauanctions now under 
notice. These two papers may be taken aa a aample of those 
conrained in the two last volumes of tbe Trnnaactions, and do 
tlie society great credit Spnce will not at present permit of our 
entering in detail into the conteuts of the volume before no, bat 
live commend it lo the attention of our readers. 



ADDRESS OF THE PRESIDENT OF TIIE 
MECHANICAL EJECTION, BIUTISU ASSOCIATION. 

Tat President, Sir W. G. Armatrong, opened the buainen of 
the sectiou by the delivery of the following addrsM: — 

Gentlemen, TIk Mechanical Section of the British Asitociation is for- 
tunate tluayear in having tbe annual meeting held at Birtninj^ham. In 
no other town in the kingdom arc mi-^hanitwl and msnufiL>-c tiring pro 
oeesflfl carried nn in gTvat«r variety, nnd the memburs of thin »e'.'ti»a 
cann*>t f&U to derive both pleasure and profit from the opportunity thus 
alToriled them of witoessiug these niaiiifoU branches of iodualry, and of 
di»cusMng amongst tbeuutuvea the various objects bniught before them. 
lAit it alrto l>e rpooUecled that we ara faore on gmnnd n-nd-^rcit daauo by 
the laboun of Watt^ It was here that be reduced to pnurtiee those 
splendiil medianical ooncepdons, which have contributed more than my- 
tiling else to the Fuarvellous progress of the last half century. Kvwy 
rebo uf the groat mcdiauiciau which may here lu ptv«euted, will exdttt 
nvuTutial feoJiuga in our luiiidB, aiid nc ahall be especially intoivsted in 
the ctiUoctiim uf his original umkIcIk, which I undatsland are to bo Bub> 
niittod to uur iospoction at the convcraaziont, this arening, in tbe Town 
Hall. The papers to b- road to tho section embrace, as mi;;ht t>»> expec- 
ted, matters of great interest and inip<irtaiice, and wilt, I trtint. ^nvo rise 
to much instructive discussion, toothing can be mare sur(>rtsLug than 
tbe rooent rapid and still acc d era ti ng progiess of mechanical sdaoee, 
and asstnedly this prognws is in no small msalut* aMnbutabIs to tbe 
facilities affonled hy snrh orcajnontt aa the present for a mora easy and 
genund iiititrdiiuige of experience and ideaa. Amongst the papen to be 
nsad, I notice one by Mr. ICobinson. ot Manchester, os the subject of 
that int«resting and muit curious apparmtuSf " Uifford's Iniector:" and 
I anticipate that Mr. Robinso&'s experience will enable luui to tlirow 
additional bght upon this paradoxical madiiite. Shuuld any oljKurity 
rt-tuain, it will, 1 hope, bu doarsd op by the observations wbicb tltis 
Mpur will call forth. The subject of hewtRg cothl by machinery wU] be 
nrought tefont tbe sectio., by Mr. Levick. I rufer to this subject with 
much aatistaetiou, not tiuly on acoomit of its importanoe, but also as 
being a saooassfu] step in mcchauieal sdenee acc-miplisbed dnrinjr Ibe 

{ear wbioh has elapsed nine*; the hut meeting of the llritiab AssodaitiMi. 
I may be a matter of ntt,'Tvt with some psnoos that tbe apfklioatiab et 
msdiinery to this ami oUirr similar purposes will operate to dsfvivs 
lalMursrs of their emptornK^it, but it niuat be admitted that whatever 
tends to economise human l&lxiur iu the dark and daugomus reoossas ol 
a cool uine^uiust be a bcnaht lu tlu oumiuunity; uioteover, all expo- 
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rieuoc haA ntioWD that, although Ulxiur (luy b« diverted u ib c}iiuinf>U 
by the iutrmlucLiuti of uii*chiaory, tbu aggre>;atc niuoimt uf muploymeitt 
sufTcr* tui dinmiuttoii, (>ut on tbc Ctrntrvy mm-iuk Ch tiicruiMti. I ivgrct 
that wc are tint alHo bi hare A paper on the piv>;^reM< vrhich hiui twuu 
tDwl^ in puddhng by madiineiy, itnd I tnuit that, when aiiotlicr yuar ba« 
fHiMOil away, th>* Prnident of this aoctioa wlU have ixMuuuon tn notice 
the attainioent of crimplute siieoww iti thiil dndnble ■>hjcct. The p»per 
frtim Mr. BijwtRiutT iip^n stttel, catuiot fail to lie higtdy valued by thn 
■action. The ^n^wizig iinpurtftnoe of this material, oiid iUi rapidly exten* 
iling Hphvns of UMfuhitWM. havi? altraoted atteatimi in a H|wdaJ degree Ut 
tha quBstion of eoon>imy in ita produotion; jvnd ot^rtainly no udm hafl 
oiathbuted so tarKcly aa Mr. BtsMcmcr to our adraioe in this direction. ' 
The TaciDua papcn which arc to be nud un de6p«eft faclqgrttptuc Oftbles 
will ptvvff peculiarly iwx:i;|>tahh: at llw preaeni roomsot, when oar 
iutcrcil ifl 9u much engageil in tlie gnuid attempt to t^Htohliflh UiU-^raphiu 
ciiiomunication brtween Kngland and Ain«ncA. Xeror wafi thcn^ au 
undertaking which pr<H«nt*>il such fiirmidahW ritktt ati'I difHcnltieo at thi: 
otJb*-!; never v/nv m<.n? liiHo-iurnginL' failunw expurienced, an.I ntvcr 
w^r-i f.\iliirn« (inouuutoreil with mxrv indomitable courage and pttwve- 
rikiMX'. Siicii ent>.'r|)ntiL> ns thin ruHuctA cre<Ut. not unly u|kiu tiio indi- 
vidual pr>imot«rv of thu undertaking, but al«(> uptm Uie iLfttiun Iteulf. 
The pap(!r urummea] by Mr. V.nx ujKtn Mr. Sittmena'ti rHt^itiUinitiva 
fumaoe will brinj; forward a Hobjccl the iinportanu; of wfaicli can in my 
upiniou auarody he oror-oatiiiiata*!. Ftrw people UK> aware of the pnv 
dtgloua WBHte of boat which tak«H pUce In aU funuioeH where it i» 
requitite U) ctiminanicate a high ceuipttrature to any uiaUoiaL If, for 
exataple, a luaaa of nuitDruU W t«i Im hcatwl U* a tenipKratiirv r>f 20ii0° 
by Sainc of a tenperatura of StiOO", it ift plain that the h«Min^ gtvuis 
inoat, in the nnlinary fumaoee, eaca|iv at a tein(»emture e«iual to tliat nf 
the material, ami thus carry off with them a heal which will, when the 
maxiinum temperftturv is attained, aiuuniit to tw<»-thirds of th<! whnl« 
beat and combiuitinu. The regenerativo fumaoe arreata a largv jtrojior- 
tiiiQ of thin fugitive heat, and addn it to the gaaenun fuel which irupports 
the c<»mbui>tiou uf the funiaoe. VVaAtcfnlnnw mu»t always bw deprecated 
in mechanical proousaea, but ooiuidcri&t; how much the greatnen uf Uiia 
onnntry it ddpandent ufaa her resouroea of mineral fue^ and with whiit 
prodigality wo ue now drawing upon tbeae rcmiirccs, any wholc«ale 
woNtefulQUB demanda eapi>ciA] rcpmhaliun, auii render^ the introduction 
of mom eounom^cd mekhtNla nf nonnnntption a matter of national iuip'^r- 
totice. The reyvnuntive jpm furnace not ouly pmvenl« wiut« uf fuel, 
bub it also prevents Huioke. Siu')lc« may be altos«tbfr prevented, and 
ill in fact inexcuaalde in the cam of ordiiuuy ntwun boiler fumacee; but 
t know of no means yet introduocd by which its prevention am be eA«otei) 
in roatuifacturio); fumaoee hvutvd directly by onah If gas w%re aubeti- 
tut«d for cial, aud the regenerative principle applied, the nuisance and 
di«pnraj|iauu»Tit occaaiooed by smoke would be entirely avoided in nearly 
all manufacturing prucessua. it^it th«? iBtroduction oif gas fumacvM upou 
du large a auale iiniat Deceaaarily In; a work itf punsiderahle time, and the 
system itaulf would pnibably rec|uire improvement and development to 
noder il so widely aviulable. T mi^t extend my observutious tn U» 
Bulijects of other papers to Iw rtsad before you, all of which puaseii oun- 
aiderahio iiitural, but I fee] that little would be gained by nich an 
extension itf my comuiouts, and that it is betUn* for us at onoe to jirooeeil 
to the pntpor biii>ior;4i of th« B>>ction. 

After Sir W. .A rmstroug'n address, seroral importaut papers 
were tvatl in the MechanicAl Seciinn, Rotne of wbtch we lay before 
our readers in e.rtt'Hto, iu this number of the Juunial. Tliey 
will Iw found U64?rul contributions to our Ituuwlcdgc of the sub- 
jecia t4^it«J, nod will be read with interest. 



THR NKdATrVK SMP OF SCREW PROPETXERS. 

The leceut trials of the iiun-ctiul frlgatr; Ikllon^ption have 
resulted in one of the luout eztraordituiry phcnomnna dcvehiped 
•iuoe the iutroducliou of atenm propidnion. Fur three days ia 
eiUKOwioa thid puDderous ship h&a b<eeu aleaniing about at the 
Botntnce to the Thames and Medway, under circuwaiancea oh yet 
UDJteooiinteil for, and which baffles those who have Jeaigued, 
built, and pat eugiiies into the ship, no Ivsis than the oautieal 
men who had charge of her doring her trials. The pheoomeDon 
in t|up«tion is denomiiiated "negative alip," but in cntnniou pnr- 
hince it is spoken of as a case of the ship operruuning tlie screw, 
which in thLS instance has occurred to aa bitogether unexampled 
degree. Although througbont the triaU of this ahip, while the 
screw propeller which drives her has been itaelf advnncing xiih a 
speed bai-ely, if at nil, exceeding 12^ knots per hoar, the ship 
herself lias been speeding throngb the watir at a rate of 13| 
knots. If a phenomenon of this nature had occurred with alighi 
vessel oonstriicUHl with exclusive regard to fleetueas it would 
obviou«ly have been a singular circumstance, but for it to bap[>en 
witli no iron sliip tif war of tliestontetrtoyustructiou, covered with 
llie moat ixinderoua uriuuur ever ^et applied to u seaj^ing ship. 



and carrying a greater weight of it on n hull only 3(K> feet long 
th.in Lhti \V;irri<)r unrries uu a hull uearly 4f'fi^ fnet lou^^, is u mu.-ii. 
unexpected and nnaccouutable cirrumatance. 

This ever-run of the screw by the t>hip ha.^ happened before io 
a less degree, even in some uf onr inm-clml shipa, but up to tlie 
present time people have steailfnAtly refiueil tt) believe iu tt^ and 
Dave resorted Io many ingenious devices by way of ac<s.>anUng fur 
it. Tlie fir«t aud mo«l obvions exptaiiation whs to attribute it Iu 
errors of culcnlation or nieasuremeuii another was to uttribute it 
to obscure tidal iufluenceii, and tbia was favoured by the circuu- 
Blauce that it has been most frequently ubservcl on the meiuured 
mile at Stokes Bay, where two high and two low wRters are saiil 
to hapiien each tide, the one re&ulting from that portion of the 
Atlantic tidal wave which finds its way through the Needles 
Channel at the west end of the Isle of Wight, aii>l the other from 
the portion which flows in ronnd tho ciiatarn end of that ialainl. 
A further explanation was songlit for in the fuct that tlie sciew 
propeller of a ship works in a wave of water which ii foltowintf . 
her, and which thus adds to the real speed of tbu screw througb i 
the water — an explanation which id unteuable h«c:iuse it would 
rctjuire that screw ships with full nfterbodies would give the 
best results in ateaming, wberens it is well known that they 
invariably give the worst. But perhaps the most |x>pnlur expU^ 
nutiou of all ie that of aaanniing that the blades of the »crew pro- 
peller Leml under the reaistiujce of the duid, antl thux become fur 
the time being dilfei-eat screwa, luiving a greater velocity ia 
advance than when nt reat Thisexplauation appeared to receiva 
au extraordinary conflruiatlun in the Achilles, the first iron-clad^ 
frigate which was found tn ovor-rnn the aci-ew, fur on docking 
the ship aft«r her 6rat trials it was found timt the blades bad 
actually bent forward and >,Tazed the sternpost of tl^e ship. Thftd 
ezplauntioo proved insutlifieijl, however, for on trying the ahip'^ 
again with strougcr hiaduti, the bunding of which was out of the 
question, nearly the aaiue overruntiiug of the ship was fuiiud iu 
happen. In tbe cose of the MinoUur also, the trials of which nC 
Siukea Bay were recently reported in great deLiil in the Vitnett 
the speed uf the ship !K>mewhai excuetletl tliat of the ttcrvw. Tti« 
Achillea and the Minotaur oi-e, however, extremely long ahipa, 
with water-lines aa sharp ns those of a liver steamer, and the 
excess of tbe ship's apead over that of the eoraw fell in every 
tnatnnoe short of a knot per hour. 

It is the occurreuue of the luime phenomenon in a far greater 
degree in a fihort ship like the Bellerophon, and ita repetition day 
alter day under circnrostances which set all the popular ezplii- 
nations nt naught, that givo the recent iriaU Romuch importjiDce, 
and impose upou our HhiphnildtTu nud engineers the dnty of 
thoroughly investignting and acouuuting for lis existence. If, iu 
addition to being a abort ship, the BellernphoD had not possesfteilJ 
what iu nautical parlance is kuowa as a very " cteau mu'' aU^ 
the old explanation uf the fulluwiug wave might again have bseo 
ailditced in this instance; but the form of the 6hip> mtu^r body ia 
as ta))eriug as thai of the Minotaur, aud is wholly incompatible 
with this mode of acoountiug for what has happened. 

If this subject possessed only an abstract avieiilific interesi WttJ 
should not have taJceu this notice of it, but it exercises so prao-l 
ttcal and immediate an iofucncc upon the speed of our ships that 
it is calculated to excile the most general interest among eu^*. 
necra and shipboildera, aitd thmnghout the navy; for it is found ' 
that with screw prupellem that thna lag beliind tlie ahifis which 
they arc driving, a most injurious drag is put upon the engiue«, 
The engines put inui the bellerophon are designed expressly to| 
revolve rapi<l1y, and the ship w.'&s Lnken down the river on trisil 
with the understanding that the screw would have been tunieil 
round about 7U times per minute, thus developing 6000 indicntod 
horse-power. Instead of tbiR, to theastouialinientund dii>;ippoiut- 
ucnt of everybody on board, and of no one more than the engine* 
makers themselves, who are men of the greatest endoeuoe, ths 
drag of the fonr-blatled screw was found to be so great that uol 
even t)0 revolutions could bo secured, even wheu all idea of using 
the steam expansively was abaudoued and it was allowed to rush 
with full foi-ce into aud through thu cylinders. A great waste of 
steam wiu tliiis of coui'so occ:iaiuned, and oouseuueutly scarcely 
.'iOOO horae-power, instead of 6000, was developed. The wonderi 
i.4 that under such circumstanced, the high speed of 13} kDotaf 
was nitjiined, aud the fact that it won ia the beat positibU 
gnnruntee that a speed of more than 14 knots will be secured iq 
this remarkablo ship wheu theftll power of her engines haa !•« n^ 
developed with a different st^rew. The peculiarity of the acnrw 
at preeeat applied to the ship is not limited lo the uuuiber of iu 
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blades. Each of Uioso foar blades ia formed willi two Tiicm 
•tAuding at an angle of inclinatino to e:ich otlter, in order tli&t 
flftch half of il rany impart h ditforcut vel(H:ity lo tlie water, aome- 
what upon the priociplc of tl>e dilTereiiiiiil screw propeller 
iuveiited tnnoy years ago by Bennett Wo'Hlcrofl, vi the Great 
Seal Pateiii-oflJt:e. The Beller'jphou'a screw rtwilly haa eight 
blftdeg, in fact^ arrajiged in four [Mtrs, and ua the ilianietcr of the 
whole ia no less th»ti 23 fL 6 in., the di^^ w-bich it putu upon tlie 
eu^ues Diiist be truly eu>>rraoii^ Su fitr ns we can leAni, oeither 
the de»iitner of the Belleroption nor the Atlniiralty appi-ove such 
a pro|}elter being appHotl to the ship, aud after tbe IrinU of last 
week it in hard tu believe that the eagiuoera will care to iQdist 
upon ita Dae. It is ouderHtood, however, that ouc other trial is 
to be miide of it, with its hhidea set to a diffc-reut pitch, aa suoii 
MM possible, and if the result theu f^cnre<l be iint s-itiafjiutury, u 
two-bUdcd Iriiftithfl scitw, like that of the Wmrior, will be 
fitted to the ship. It. ia uiidcratood that thitt is what Mr. Heed 
would prefer, uot only oa accoaut of the steaojiDx qualities <if the 
altip, but lieiTinHe uf thtf Rerious abstnictiou lo the speed of the 
aliip nuder canvua which the fuor-bladed acrew maat neoeiaarily 
preseot. 

The Belleruphon will be a full-rigffed sailing chip aa well as a 
high-spet'il ttteamer; but it is not t4i be ex peeled that any amount 
of anii-u>wer woidd aofEce to propiil her ra(>idly through the 
water if 8ubje<Hed to the drag of a screw which lags so much 
behind the ahip, even when it is itself the propelling ageut. The 
eitreoie handineaa of the Belleropliou under the action of her 
novel form of rudder affords the slrou^rcst poaaihlc inducement 
to diaeniWrrnfia lier as cuuch an ]KiS9ib]<> from the hindrance of an 
improper form of acrcw. Her nidder is on what is known as 
tlie "balanced principle," being pivi>ted near the niiihile instewl 
of at \ln forward eud, as usual. It is cnniing into ua« rapidly in 
America, and was tried in the Qreat Britain steamship in this 
country many years ago. For some ciiuse or other however, it 
was prematurely abandoned, like many other useful things. 
With the exception of an uxperimontal trial in a sninll gunboHt 
at Devonport, uiidur the direction of Capt. Astley Tooper Key, 
RM,, C.Ii, it has uever before beeD applied to a British ship of 
war, aud it certainly was a very bold ex|^riiueiit to apply it at 
once in ao laige and powerful a ship as the Belleniphuu. Tlmt 
ship, however, heini{ of iron, aud very strongly built, aflbiiled a 
reAlly favuaraUe opportunity for tia trial ou a large scale, and 
the success attuned is moat remarkable. It is true the Bttlle- 
ropbon hiut been desigQe<l expreiMly with a view to haudinesi*, 
being ni.-ule short, and of a light draught of water forward 
exprssaly for this purpose, and she would no doubt have steered 
reraarkubly well with an onlinai-y rudder. But it is to the adop- 
tion of the balanced principle that tho extreme ease with which 
the helm ishandle*! is due. On Fridny last Capt Haodulph, li^., 
who I1A4I chartte of the ship, and Mr. Iteed, themselves took the 
steering wheel with the ship at full speed, and steered her easily 
witliout assistance. At Portsmouth, on the Minotaur's trial, it 
required sixty men to put the rodder over 3 1 deg., aud they were 
1 ni. 4 HUC in doing iL On Friday eight men put the Belle- 
rophoD'fl rudder uvcr 37 deg. in 20 sec. The Minotaur, with 
•ixty men, turned a circle in 7 m. 15 see.; the B^flleropbi'U, witli 
eight men, turned it in 4\ minutes. The Minotaur tnruod 
the Grvt half circle in 3 min. 47 sec.; the Bellerophon in I niin. 

fiOMC. 

£ven these figui-es will scarcely enable the render to fully 
realise the hai)diiie»s of tho ul>w frigate; but few will be at a loss 
to uudersUtnd it when it is staled that while the Admiralty have 
at length been compelled to build new and powerful stennt-tugs 
ill onler to enable ihe Warrior and other long iroa-cl.vd ships to 
be got into and out of Portsmouth aud Devoaport It&rbonrs, the 
Beflerophou, after the compli-tiou of hftr iiiah* on Friday, 
steiiiued, without Ihe aid of tugs, not merely in'o Sheenieas 
harbour, but parsncd her way at a speed of U>J^ L now (by log) 
along llw I-l miles of the river Medwny's winding course, thread- 
iog her way among the lotig succession of hulks which eueumber 
that narrow and tortuous stream, never stopping her eugines for 
a nionent until she reached the sheer-hulk off Chatham Dock- 
yard, to which she was secure*! for the night. This achievement 
was one of national interosi, and much ctedlt is due to Cant. 
.SUikes, the m.-i8ter attendant of the di>ckyani at Chntlmni, who 
had charge of the ship after 8heerues8 was passed, for affording 
su striking an illustration of the steering capabilities of our latest 
iron-clad frigate. — Times. 



RAILWAYS IN WAR* 
By Sir J. BDROoTifB, K.C.B., F.R.S. 

The line uf railways will have an important effect in war, and 
it is a matter of interest to ascertain the means for obtaioiog 
the greatest advancages from them, and what then will be their 
precise capabilities. 

A vague idea exists that armies cnn be transported from place 
to pbice, aud lo a seat of war, with the sitnie facdity and speed a« 
ordinary travelJem; whereas there are miuiy circuinsiance* con- 
nected with thi» conveyance of the former which would show any 
such compiiriaon to be qtiito fdllacious. 

With regard to a small body of infantry there ia nn rea.ion 
why this should not be the owe', but with lnrge forces, aud with 
cavalry and artillery and all the aooesaoriea of an army — its 
l>''igS'^go> camp equipage, spare ammunition, its wjiggons, &c. — 
eniinuous means will tw required, and difficulties will ari^e which 
oUI for study aud considui-uion to reduce them to a minimum. 

How to adapt the ordinary niilway pa-tsecger and horse 
carriages and trucks in the best manner to the transport of 
troops of all kinds,and how to get the troops most rapidly in aud 
cut of them, will be taaily ascertained, if it has not bseu 10 
ulready; the great deaideratum is to find how largs forces can be 
moved in greatest ali-euji;th and with most rapidity on single rail- 
ways, or by n limited number of lines— for it is on these calcn- 
latiotis, having under consideration the several Hues which can 
be brought to bear on the operations, that the generrUs in com- 
mand must arrange their plana. 

The basis for consideration wilt be, what can be done by any 
one line of railway with its ordinary' meaDB, or aided by addi- 
tional means from other lines of the same gauge, with which it is 
connected on the same Icvol, and which may not have the same 
pressure on them. 

To Htfnrd an idea of what may be required, it may be assumed 
that the olfioers and soldiers will occupy the space of ordinary 
tr.-ivellers, and consequently it beoomea a question, how many 
passeoger carriages in how many trains, each drawn by one looo- 
inotivc, will be required to carry 1000 men, with their officers; 
aud how many horses of cavalry, artillery, and for staff of iuGui- 
try regiments, one truck will carry. 

The guns and etjuipments of eauh battery of 5eld pieces, with 
number of trucks necessary to convey them, should be detiued.as 
well as the number of borsea per battery of horse or foot 
artillery. 

To give an idea of the amount of conveyance reqoired for 
such forces on one occaaiou, to trannport a battenr of field pie069 
with its horses and carriages, mid about MO cavalry, merely to a 
review, no less than six trains were required, each consisting of 
thirty railway carriages. 

Viewing theu the very large means necessary for moving »ny 
but a very mtxlomte force, aud tlie embaiTassmeuts which would 
attend the undertaking, in the rapid succession required to be 
effective, it become* a matter of much interest for railway engi- 
neers to consider and deSu« how arrangements can be made in 
providing, ataUoning, and working the traitis that will tend tu 
facUitate the service, and what, with the adoption of these 
moasurea, would be the capabilities of ounveyauce of troops of 
given strength to given dtHtances in given times, on emergent 
occasions, ou any oul- railway; whether, for instance, as the great 
tra<£c ia in one direction, both lines of rails might not be used 
for it for certain distances, under the be«it arrangements whicL 
can be made fur the return carriages, &c. 

These resaarches are retiulred, not only to ascertain the beat 
modes of aoceierating the movements, but also to come to a clear 
undersionding as to what, even when duly urganisod, can be 
obtained from railways in rapidity of tnanR[)ort for large bodies. 

It is manifest tlial as tht-y approach the scene of a:tiun the 
railways would have less intiuonce on the mime»iiate theatre of 
warfare itself; It would be somewhat dnugeri>u>i tt> trust 10 tbeiu 
at all uuder tbe chance of the enemy iuterrupitug the communi- 
cation between tbu divisions and resources ol the army. 

For shott distances there would rarely be much advantage, M 
regards time, in moving ti-oops by them, on account of the time 
required for getting to and away from the nulwuy, aud Into and 
out of the carriaues. 

Their great advantage would be for concentrating troops aud 
means, by converging lines, from the interior to some appro- 

* Ssad tMfen the Brillth AMoaktlcn. 
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priate point forming « baeis of operations, for graduslly trinpng 
up roinforcetueuta and other resouroeii to the rear of the nrmy, 
aud for the speedy mid better removal of sick, nouuded, 
prisooeni, nud all iDCtimbt-uuces. 

Tbej wiU ulso be particularly favourable to relrealiiif; forctKi, 
by expediting their nioverupnta: while, by the de^trtictiou of the 
linea behind them, the euemy would be deprived of aoy aae of 
them. 

Kvery railway, even in the vicinity of the operatinnn in a eam- 
patgu, will be of Dinch vnlue so loug aa it cau bo miod without 
danger of tDterruptiou; and therefore jt becomes a subject pf 
interest to po»»cs3 a kuowledge of the best means for their 
deiitraotion, and how to apply them in ctaes where the Iloeii are 
likely to fnll into the haodfl of the e<'emy. or for re>eatabliahing 
lUiY that Uiiiy have been muru or Intm injured. 

It is clear thai a portion of a milway iuis;ht be for hnum in 
temporary possession of a part nf an army who might, from igno- 
rsooe or want of mime trifling means, be unable to take advantage 
of the occaaion, and thua w<iiild leave it to be re-po«ftessed by ita 
enemy in perfect order; when, by duo instruction and a little 
preparation, an induential amount of damage might have been 
done to it. 

The military engineers of an army have attached to them in 
the 6cld a st-lccted assortment of the mo«t Uiteful hnplementti for 
Uie different services most frequently required of th«m, the pro- 
portions of which they vary according to the prospect of the 
nature of the approaching en^^ueerint; operatiotis — such as for 
•jeges, cutruuchincutji, dcstruirtioa or repairaof roiidsnnd bridge-s, 
niiuing. &c.; and they are pmciiited in tlie best modes uf applying 
whatever meHuti m»y be at hand for their purpose. To these 
must now be added what is applicable to the ilestruotion and 
re-eotabllshmentof railways. 

In damaging B railway, to impede the progress and available 
means of an enemy's army, the object will ..f coiiixe ha to do hs 
little injury to a great convenience of the country n« is e<triaifitcot 
with the priroarj- cousidemtion of crippling the military rcMiurcoB 
of the enemy fur the time. 

Should the exigencies of the period justify extensive damagej 
it will bn done by blowing in tunnels, bridges, viaducts, or em- 
bauliineuts, by Tuines and i^rocesaes nn practised by military 
engineers with rcganl to the old routes, to the extent that cir- 
cumstances will aflow and may admit. 

The object for coniiideration liow(»ver, lipre, is how the pecu- 
liarities of a railway can be di^alt with to moot effect, in a sum- 
mary mauiier, with little time and small means. I'nkingit, then, 
na a question ralhT of dismantling than of destroying, the first 
measure wonld hv taking up and disposing of the rails. This 
woold be easy enough to a party of railway ua\"\*iea, provided 
with their apjMratus, but what we require is some instrnctlons 
ftud practice given to soldiers how to do u much us possible with 
Ihe smallest means. 

Thus, instead of being as at present, from ignomnoe. perfectly 
helpIcSH, they might bo taught, iindur previous instnictiuii, that 
even n few stray articles for implemento, snch aa might be found 
in an adjoining hnnae — as might be desoribed-'fonld, on an 
emergency, !» uiarlrt available to some eit»;nt: potwibly it conld 
be shown that, after a first rail was removed, Lite vi-ry article 
itself, with the sleepers, &c., might be used to extend the ditmaqe. 

Another question will be, having in view the p^-ssibiliiy of 
obtaining a temporary power over a railway which is of servico 
to the euemy, what very small and most portable assortment of 
implements mighi be carried with any detachments being accMm- 
punied, if possible, by a few snppers, thiit would aid such a pro- 
ceeding, an<l wli.-it would be the most effective pntcess; and if the 
iniplenn-nis could be such as enter into the assortment forming 
part of the engineer field etpipmeut required for other purposes, 
alt the better. 

The rails >ieing rniiied, the best disposition of them would be 
dearly to carry them away altogether; but it is very improbable 
that there would be available means of conveyance to render that 

firncticable. The next most easy resource would be to scatter, 
nde, or bnry them; but if it oould be shown how they could be 
broken, or reiidei-e<l unserviceable, the effect would be stIU 
greater. Thedeslruciionof ttie aleeperswoiild be much more t-a^y, 
but the effect would be less; and the removal of the chairs, from 
their portability, would be easy, and also valuable for the object. 
With regard to the reinstatement of a damaged line, it would 
be interesting to know whether auy temporary expedients can 
b« adopted for the passage of locomotrves and cairiages, or even 



of the carrifiges only, acnws the places where the rails may have 
been removed, till new rails con be procured; and if »; whak 
those ex|*cdients may be, and how to be applieil. Oue resourca 
might be available iu double tines, unmely, to dismantle one uf 
the double rows fn>m the uearest part uut^mched. to mmke good 
a through cuumuuicatiou for at least oospin]:le line. 

It will be very desirable to obtLin from railway engineers a 
consideration of all theae matters, and spccini instmctions drawn 
up on all the expedients that can be sugge#itnl, in which the 
troope — bat more p«rticuUrly the encirier soldiers — might be 
Babsequently practised; nothing of the kind, it is believexl, Laviog 
yet been audertakoD. 

— - — i^ 

ON THE SECOND LAW OF THERMODYNAMICS. 
By W. J. Macquork lUnKrNB, C.E-. LUD., F.RA 

In this paper the author gives an elementary proof of the 
proposition (which in the I'Minburgli Transactions for 1651 fae 
nad demonstmted by n lengthy algebraicrd process), tliat Uie 
"second law " of thermodynamics follows from the soppoeitioii, 
that sensible ur thrrmometric heal cnneisLs tn any kind of tttuif 
or stretim-like molecular motion within limited spaces (as dUtiD- 
guished from unsteady motion, such aa vibratory or wave-like 
motion, which is supposed to constitute radiance). The law in 
question is, tlmt the quantity of en«rgy converted between the 
forms of heat and mechanical |)ower doritig a given change in 
the dimensions and condition of a body, is the prndnct of the 
absolute temperature into a function of^thnt change; and in it, 
atid the first law (that of the convertibility of heat and nieohaoi- 
caJ euergy) are summed up all the koowu pheuoiueuti of Ibermo- 
dyusmics. 

♦ 

C'inrret* Arching. — The use of artificial stoue and ooDcretes ta 
coiifitniction has been attempted :u several forms, but g«oerally 
io that of blocks previously shaped and afterwardit applied like 
stones. Id the extensive underground floors of a new bamck 
now erecting io Paris, the vaultiugs arc being formed with what 
is calleii Jirtont agghmtrrt, the exact composition of which ii 
kept secri-c. by the inventor, M. (.'oignet. The walle are fall 
13 feet a|>itrt, and the cuucrvte is laid on timl>er ceutreinfis, and 
troddeu and beaten down with great core. The vault oud flco^ 
ing thus formed is about 2 feet thick at the spriug of the vaolt- 
ing, but only about It) inchM un the nrown, and it i.t found saS- 
cienily strong forall practical purposes. It has also this oilvaa. 
tage that the ceiling can at once be whitened, and the floor laid 
with tilea or cement without further prefmration. The proeeM 
is said to be successful and oconnmiod. 

Minerai Statiatics /or IHdi. — The statistical tables of the pn>- 
ducc of the mines of the tTuiled Kingdom duriug the past year 
have been lately published, having Iteen prepared under' Uie 
direction of Mr. Kobert Hunt, F.Kii. It appears that during 
ltiti4, 3S68 collieries in Gn.'»i BritAin and Ireland produced 
92,767,873 tons of coal. Of this quantity, 8,S00.42r> tons wen 
exported, being an increase of 526,208 tons over the exportatioat 
of Llie preci-iling year. There were 2,.'ViI,.'i42 tons brought to 
T»udou in 1864, and 1,786,713 tfuia in \mi. 10,064.890 tons of 
iron ore were pividoced from the rolces of this country, and there 
were imported 75,194 additional tons. The total qtinntity fed 
612 blast furnaces, which produced 4,767,0.')l tons of pig-iron. 
There were exported 46<%961 tons, and the rest waa worked up 
at 1£7 ironworks, where 6S62 puddling furnaces were in action 
and 718 rolling mills. The V.i2 miues in the Soath-West of 
Kugloud, and the 30 distributed over other pans of the I'nitnl 
Kiugilom, produced 21-1,6(.>4 tons of copper oie, which yielded 
13,302 tons of metallic cupper. The produce uf leivd ore, princi- 
pally galena, was n4,4:i:i tous, which yielded 01,2^.1 tons of lead, 
and C-iJ,08H ounces of silver. Of xioc ores, nearly all being tie 
sulphide of zinc, I0,O47 tons were obtained, producing 4O40 tons 
of metal. Of iron ]]yrites, u«ed in our sntpliuric acid and aodi 
works, there were pi-ocured 94,4.'B tons. The tin mine* prodticsd 
more tin in lti64 than iu auy previous year; lJi,2U tomi wi 
raised, which yielded lO.lOS tons of metallia tin. During 18i 
gold was obtained fn>m (ive mines in Merionethshii-e. Tbcas 
produced S336 lorn of aurifei-ous quartz, which yJeMed S887 
ounces of gold; and it is stated that, in consequence of variouc 
improvements In amalgamation, due to Mr. W. (^rookes, it is 
highly pntbable that the pn^tiction of British gold will be con- 
siderably increased during the current year. The grusa value of 
the foregiiing mineral pro I nets was £30,1)79,837. 
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WANGFORD CHtTRCH, SUFFOLK. 
{Wiih an Btgnving.) 

Ik a former Damb«r, that for Jtmu^rj 1(464, we sare acme 
Moount of tde re^toratioD and otiier works theo lately etfeoted 
in this church. Plate 33 in our present iaane shows an exterior 
Tiew of it— taken from th« north-caBt— in its complete state. It 
wna observet) in our former nolico that the preront church of 
Wangfonl was originally that of the old Cluniac morftHtery of 
WangfonI, anil that cnUBidemhle remairs of the ancient priory 
wars discovered when the late vorku were in progreua. This was 
putieal&rly the case as respects the church, the cM plan and 
armagements of which were very distinctly traceable. Id the 
new works these have been u far as possible retained, or had 
reference ta The new cfaincel, of course, occupies — though some- 
what increased in flize, for the Anglo-Norman chancel appears to 
have been of no very great extent — the site of tha fornior one. 
The tower also stands, if we may judge fmni the chnracter of the 
old fonudntions here, as nearly as may be in the situation of a 
■inoilar erection in the first church. This Is, however, no further 
tmiain than tbnt the old fnumlation here wiisof a heavier nature 
than in other parta, as if for the purpose of receiving a heavier 
structural weight. 

The nave and the north aiiite are preserved acoording as they 
were built and arlded to the earlier church about 14.'j014«0, the 
arcade between the two having been re opened and relieved from 
the brickwork with which its eastern mo t arch tmd been filled 
up. The southern wall of the nave has been partly rebuilt, and 
two new windows inserted of the pattern nf the old. Three very 
interesting fiyiug buttresses on thin side, wliicli must have prn- 
jecte^t into the ;irea ofihi' priory cloister, have been also rebuilt 
Bcoonliug to ihrir nacient fnrni and detail, and the whole church 
otherwise restored ai'corilrng ir» ihe true and pr'^per acceptation 
of the term. The old bc]U h.ive been i-eliuug in the tower, which 
Arom its jx>sition will form a conspicuous object in the »urroun<iing 
landscape, more particularly on approacliiug Wangf'ird from the 
Sonthwold and BIytlibnnmgh-roaHs, in both of which cases it 
groups effectively with tie Wangfonl schools, lately erectftl near 
the entrance to the village from the latter direction. A view of 
this latter building, designed by the same archltcctj was given in 
onr number for October IS60. 



mPEOVEifKNT OF TOWNS.* 

By Jambs Lemon, A.I.C.K. 

IV. — Drainage (continued.) 

Ventilation q^Sewerr — The ventilation ofaewcra is one of those 
■objects upon which a great many auggesUons have been made, 
but still very few of them have been earned out. The system 
adopted in the Metropolis {excepting in the main draini^) is 
exceedingly primitive: it consialsius many persons welJ know, of 
a vertical shaft, about 3 feet sqaare in the dear, built upon the 
top of the sewer, and covered at the top by mcatig of two gratings 
about 2 feet by 6 inclu a each, flush with the sarfiicQ of the road. 
The results of this arraogemeut are^ — the smell from iJm Mwage 
is alluwed to pass up into the streets at a level where it is most 
objectionnble; and the foul gasea are inhaled by the penoos pam- 
ing; likewise, the gratiuga become chckcl with the naud and 
stiineB from the roads, or the bottum of the sewwr becomes full of 
deposit washed or swept down the ventilntoi-s. In the main 
dmioage system there isa oesapit about fi ft. 8 in, square by 6 feet 
in depth undt*r the ventilating gratings, which receives tlie detritns 
fr<>ii| the roads. Tliis cesspit !a connected with a vertical shaft. 
adjoining thereto, built over the scworin the same manuer as the 
ordinary ventilating shafts. In the wall between the cesKpit and 
the shall there are two openings, one next the bottom fitted with 
a small iron grating, to allow the water to drain off, and to pre- 
vent the paH8;^[8 ofstouea &c. into the aewt^r; the other for ven- 
tilation, which is intended to be fitted with trays containing 
chan»al, bo that the foul gases may be disinfected. In this 
methiHi however the choking of tite grating is not remodied, 
therefore it rannot be considered one that can be reoommeuded 
for general adoption. 

The sewers of Paris are ventilated by means of iron pipes, 
which ore oonnected with the branch sewers or bouse drains, and 
are carried up either in the Uiicknea* of the front walls of the 

* CuaUnnnl bva ptfe Isa. 



houaes, or outside the walls to the top of the roof. This plan, in 
some instances, has been objected to; but if the Joints were 
screwed and securely fitted, the inlet oonnected with a charcoal 
filter in the sewer, and the outlet carried up above the roof of the 
bouse or adjoining bnildiuf;, there can be no reason why it should 
not ho the best mode of ventilation that has yet been devised. 
One of the chief causes of oomplalnt in Paris is the imperfect way 
in which the gullies or Inlets for the street <lraiiinge are con- 
structed: they are in some cases trapped, but the trapping is 
certainly not efficient, as the smell therefrom in some of tnc best 
parts of the city is very offensiv& 

Amongst the many modes of ventilation which have been pro- 
posed, there is one which might be easily adopted in the manu- 
lacturiug districts, and that is to utilise, with consent of the 
owners, the tall chimneys, by connecting them with the venti- 
lating shafts of Llie sewers; this would promote a current of air 
through the sewers, and draw off the noxious gases. Ventilation 
of sewers might also be effected by carrying up an iron tube in 
the centre of the lamp standards at the crossings of the main 
streets, similar to those in ^otithwark-fltrret, Ijondon, the inlet 
being connected with a charcoal filter in the sliaft from the sewer. 
This mode could not, from the isolated position of the outlet, be 
a nuisance to the occupieraof the houses in the locality, and would 
be an improvement on the present ventilators in the centiB of the 
siret'ts, flush with the surface of the roadway. Advant:>ge might 
also be uken of the end walls at the corners of street* for carry- 
ing up ventilating lubes to the tops of the houses, as in Paris, so 
as to remove the objection to surface ventilation. A very curious 
mode of ventilation was suagested by Admiral Sir E. Helcher. 
which may be thus described:— the fiul air was to be taken from 
tlia sewers by means of a pipe conop'-ted therewith, and carried 
up tu the top of the lamppoeta, and there discharged. This rather 
novel way of mast-heading the stink, although it may be very 
nautical, miglit te objected to by persons occupying the tirs^floora 
of houses opposite the proposed outlet; in fact, the gallant admiml 
himself would find it soiuewhat unpleasant if he happened to be 
sitting at an open window to the leeward. 

Side Entrance*. — The side entrances to sewera ehonld not be 
made as a rul« more than lOtiO feet apart; they bear a small pro- 
portion to the whole co«t, and they are exceedingly conveuicnt for 
rcpaii-s, making oounectiona to house drains, cteansing, Sic; they 
should in every case be provided with a ventilator and oeaspit, 
ac that fiiul gaaes may not collect in the eutranceshaft. The most 
convenient placu fur phiciiig a side entrance is at the corner of a 
croas street, so that it may be available for access tu the jiincitou 
of the aewers al thai point Side entrances are usually couittructi-d 
with au entrance shaft from 2 ft. in. to 3 fts square in the dear, 
with a horizontal fallery ttr chwmber to the sewer about 6 ft 6 in. 
in height, by the width of the shaft. A vety useful size for the 
eutnince ib^fl is 3 fu by 2 (l. R in.. Iron ladders, for acooM 
theiet^j, are mach preferable to foot irons, and are now l>eiag 
adopted in niOAt modern works contftructed by well-known 
drainage authoi-itiea. The entranco covers should be made as 
light as possible consistent with strength, and should be proviiled 
with wrought-irou gratings so constructed that both cuuld be 
easily o|wnuil hy one laau from the itttide. The cast-iron covers 
and gratings used under the Metropolitan Commisionera of 
Sewers are exccaAivety heavy and clumsy, weighing between 4 
and fi cwt., BO th.-tt if a workman should happen to be in the 
sewer and the flap Itecome aooidentally alo^eti, be wonld be oom- 
pletely trapped^ and uiust uait until he receives asstatancv frum 
above. 

Side etitmnres might be m'>re extensively used with advantage 
in pijM drainage, or, as they might l>e more strictly termed^ shafta, 
fur (hi* pur)KJ»e uf inspection, misbiug. &c. These shaibi cuuld be 
sunk below the level of the bottom of the pipe sewer, so as to 
form cesspits.: on the lower side of the sliarls nearest the outlet 
pcuiitocks could be fixed, so ih.tt a Iipail of water roiild be raised 
at each abaft, and the pipe sewer flu.vTied ns far as the next shaft, 
int4) the oesspil, at which poiut, whensufticienl head wasobialiied, 
the |h5niituck ciMiId be raised, the next length flashed, and so on to 
the outlet. 

JunrtiuM. — Tliu junction of branch sewers with the main 
sewfrshtiuld be made on a rvgolar curved line, with a raiiiua not 
less than 3[J fiioi. The level of the invert of the branch aewer 
should Iw above that of the main sQwer, snch difference of level 
should be cijual to the diffeiencti of htinht of their respective in- 
verts, or in other wonl^ the arches should spring from the same 
level, it is recommended by Mr. Bawlinsou tliat the fall of 
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cnrved juncliooH nlioald b« incroucd, to compeosate for fricttoo; 
where fiufScient fait cid he obtained aiich increHseil ||^dieut nUI 
no duabt be iidvniittt^'euiia. Bcll-iiiduthcd juDCtioits stiouUl be 
firovided vith veDttlatora &di} cesspita, to allow the fonl eanes to 
p*u off at the hij^hesi jfo'mi where they D)'>stLy acrumutnM 

Hou$e Drain*. — H<mM draiaa should iu cvwry caw I"* fomied 
of glitzetl atODewnre pi[N-8; they should hi* welt laid to a regidar 
gradioDt od a sound foandation of the maiden gronitd. or of cod- 
cretCt 8o that no settlemeDt might take pliic«, anil thereby cnii^u 
deposit, and nltimfitfly stopitajie. Dminafve should not Im* 
Uitt-o through the hniises undf>r thn tloom if it can by any mcatitt 
hv avoided. Water-clnsetu ahonld bo plnuvd next extenifd wrIIb, 
Rii that they luay ho draineil m direct as poftxiiile. Sinks Bhoiild 
he c^'itneoted with the di-aiu nf the waterclottet, iw>aut«i lluBh it 
with the house waahiiiga, aUo the uverfluw fmni the waata of the 
cicteme. 

A six-inch glased drain pipe, witli a proper fall, wilt be 4uffi- 
cieot fur the entire drainage of an eight'nwmed house, and four- 
Inuh pipps fur the sink and ratn>w»t<er. Oraiti pipes should be 
e >ituect«d with the «ew(;r un a cnrve<l line, and the drain mouths 
•liould be provitleJ with gnlvBuijwJ iron shackle- flaps, to prevent 
Mn^ll f>f fl'Xwl-walerH from riaiiii; up the hiiii«« ilniius. All drajni* 
•honld be tnippett by meiiits »f a nyphori VuJ, or <ither suitable 
arraugement, at n poiut enny of access iu ctse of stoppage; alto, 
all itiTetK for snrfnce draioAge nf yardtt, arftni, &e., should hsve 
cesspits, with syphon over-Sows, as one of the iiurest means of 
preventing deposit in drniiia is U* check the adiuiniou i>f snod 
and other matter at tlitxc p<jiuLa. 

Rtgubititm and tupertntion vf Bmtiiings. 

The reguUlion and sn|>urvit«tori of huitdingn, both in the metro- 
polis and in provincial towuit, ia estrfkncly liniiied; and if we 
would check the pri;sent ahiiRes iu the cou«lrucijuu of lutKliru 
building:}, and also the defuciive sanitary arraugenieuitt, tvher>>hy 
the livpfl of the public are endangered, we aiu«t o-msidenihly 
augment thu poweni contained tu the several Acta of Farliauient 
now in force. 

In the nietropnlia, we liare the Metropolitan Bnilding Aft, 
18AA, 16 and 19 Vict, c. ]:22; the Metropnjiii Local Management 
Act, IB nud 19 Vict., c. I2t): and the three Aiueiiiling Aels— the 
19 and 20 Vict, c 112; the 21 and 22 Vict, o. 104; aud the 
35 and 26 Vict, c. 10:j. A1b<i, the Nuisances Kemuval Act for 
Eogliind, tb and 19 Vict. c. Vl\\ amended by the S3 and t\ 
Vict., c. 77- In provincinl towua |x>wei-8 are given t^* ilie 
municipal cor^iui-atiuns, or other lucat aulhuHlied, to ailopt the 
Pablic Ui'alth Act, 11 and li Vict. c. (13; and the Load Oovern- 
meiit Act, Si and 22 Vict, c. w». These several Act* have, gene- 
nlty flfteaking, fully answered the purposes for which they were 
deaiguud, hut tliey are now inadequate to meet the iuoreasing 
dnnaods for sanitary iniprovumonta and improved scieuiitic 
CODslruotion. 

The foildwing sUtenient will give some idea of the omissions 
in the Acts before nieuLioued, and will i>huw tiie uecewtity fur 
a full consideration of the aubject, with a view to future legis- 

UttOD. 

Tit* MHropt^itan BuUding Act. —This Act was specially framed 
for the preveniiitn ol" tire, for wjiich purpow its provisions are 
elfcctuai; but with reganl to the stability of buildiugs it is 
extremely de6cient It provides for the iliickness of wnlls, bnt 
it contains nothing whatever in refcrence to the strength of the 
limbers, iron ginlers, c<i]uniiiii, fireproof floors, roofa, &c, so that a 
house may be built in Ijondon with its timbers of any scantling, 
and Uie district surveyor is powerless to act Ijec anyone take a 
walk iu the suburhs and, exnmine the new buildiugs which are 
springing up like inuHhrunms, and he will perhaps be astonished 
tliat they hold together so well as they do. Ue will see the 
lintels Ragging under the weight of the brickwork al>ove, and yet 
they will have to sustaiu the moving I'>nd ou the flours; he will 
see the nurights of the partitions and the thin story poata to 
the shops nending with the wcii*ht atreatly put upon them; also 
the joists deflcient in depth, wide a|>art aud iucapable of beuriug 
the weight of one man wilhuui considerable deflection; gutter- 
phites ol from 12 to l/> feel span, so light in construction that 
the previous (idl ia uoi erjual to the permauent xet, thereby cans- 
icg the rain-water tu tie in the centre, aud many other evils 
resulting from iusulhcient timbering. 

In the ainHtrucliun of warehouses, hotels, and many other 
large buildnigB, iron now plays a mout important part, and ;efc 
there is no guarantee as to the proper distributiou of the metaj 



beyond that which is given by the known professional standing 
of the architect, engineer, or builder. That such sii|ierv)sioa is 
insnflicient becomes too evident when we have ouch a long list of 
accidents retiulting from nu ini[>erfect kuowlodge of couktructiou. 
The floom of waruhoiisuK which may liave to «u»lain great weights 
sttonld be exprLSsly dedigued fur l.he ]iartieular goodd with which 
they are to be stored, and should have a cast-iron plate lixed to 
the wall, in a coiinpiruons iHwition, stating the Ut\M t<>ud which 
the flmir ia calculated tiafely to suntain, ct-rlifieii by stjuie rampe- 
tent and responHible authority appointed for sudi duty. 

The uecevuity of sotue auch arraugcmeui ts exemplified in the 
c»B« of a warehouiie which is deHigneil for light go<His, and ii 
nflervunls let uut iu floors for any other purptaie, when, (lerhape, 
one of the up|>et a»on) i« takeu by an iroufuuuder or niachiniatf 
or other person requiring to store neavy goods, nud he untundly 
nmkt-« the inoet ol' the apace, sod crowds iu as much mateiial as 
he can, tu the danger of the life of the occupier below, who baa 
no reme^ly, bnt must either chuuee tlie floor bearing the load^ ur 
vacate the premi^f. 

Again, with refirreuce to iron columns: they are moetly used 
in Nliop fronts of the Hui.'illest possible section, so that they may 
iin|«do aa little light as possible, and iu some iiistAUcws they 
have to support a heavy mass of briiikwork for three or four 
stories, as well as half the wf i^ht of tlie 6ooni of the front rooms» 
and the moving load thereon. It ia adniitte«l that oast-iron la 
compression will sustain a great weight, but still it is an uncertain 
mnteriAl, and a good margin should be allowed in case uf grrafc 
vibration of the floor above, sudden blows, aud other catiaea of 
damage to which it is expose>l in such a position. 

In the present desire to prevent lite spread of 6re by erecting 
Sruproof n(H>i^ we are vtrry likely to incur oUier dangers frum 
the iuiiiirlicient streugih of the vnriuua kinds of patent flooring 
now in UHe, which the inventors, in order to render as cheap aa 
pcjtfuiblf, hare reduced to the uiiuinium amount of material. Thta 
evil is further increnied by the tou cummou practice of using tlie 
same depth of iron joiat fur dilTerent spans, so as to prederve an 
uniform height of suuy thniughout. This is clearly an erroneous 
principle, us you must have in the flours of m>uie uf the ruuma 
either u wmtie of metal or iueuthcieut strength. Fireproof fluotSi 
formed nf brick arches springing from irnu girders, are iu many 
cases constructed witli a very small sectiumd urea of tie rod ta 
retain the thrust againxt the external walU, aud iu a few cnaea 
the lies hare been omitted aitogrlher. 

Thu ruofii of modern public buildings, more especially thoee of 
iron, leave little to be desired lu their ix>u»lructiun: iudeeil, they 
appenr Ui have fallen Into the li»nil» of lueu who are maxitti-s of 
the princijilort by which the proi>pr sectional area of each member ia 
fairly appoiiiooed; but still there are iiiolated instauces in which 
roofs of large span have been designed by the rule of thumb, in 
which the tie beams sag with their own weight, and in wbidi 
the trussing ia so erroneous in principle that they are insecure in 
a flU'oug wind. Roofs of theatres are mostly designed so a* to 
utilise aome portion of their area for akrpeulera' ur scent*- painters' 
shops or stores: when this is done they should be oouetraotod ' 
entirtty of fireproof material, so that if a 6re should bi-mk out it 
might be pievented from spreading to other poitiou* of ihr build- 
ing. The same rule would api>ly to tlie galleries, aud, indeed, to 
every portion of the building except the littinga. 

Fireproof material, in like nmuner, whould aIho be nveil in 
music tialls, coneert-riioiDs, hoteU, and every building in which a 
utnnber of persons are coucregnted together. In the Metivpolitnii 
Building Act, 18 and 19 Vict, c. 1S2, s. 30, it is stipulau-d tliat 
every public building shall beconstrucletl in such m.iuner as may 
be approved by the district surveyor; but this ia very iudefiuite, 
as it ts not clearly at'tted to wiml extent the jurisdiction of the 
district surveyor shall apply. It was evidently intended to cover 
the weak points of ilie net, which the fivin^-rs ithirkeil; but, aa is 
always the cnse with any rule or re»lriction of a loone chiirKcter, 
it is subj^'ct tea very wide and liberal oaustructiou. Thesurreyor 
does not feel himself justified iu calling upou the dedignere of 
public buildiit)rH to i-r-mtMlel their plans, or to pull d<iwu and 
teconstruct pc:*rtioufl of the works which do nut cume up to his 
Btnmiard of safety, or to his interpretation of the intention of the 
act; ci'Useiiuently, if the buildings aio constructed la a geneimlly 
substantial mauuer, they are allowwl to |>aaa. 

Section 22 of ihe Building Aet provides that all ataircaves, land- 
iugs, lobbies, &C. iu pnblic buildings shall be hutlt v( tiivproof 
material, but there is no provision, excepting that in sec 30* 
before mentioned, for the proper construcliuu uf the paasagwaBil 
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iloorWHyR, m thnt iofticient f^rcaa U re&dilv anil itireeUj^ obuioed 
ID cftj» I'f fire or occideDt. Tbc beigbt of ttie doorwavs for egrew 
(r>ni |>uMic filaws ol' niiiufieuieni slioiilil not be len» tli.iu 7 fwt, 
ftnd tlu^ir collected widiliH dIiouIi) brar k fiivJ stipnltiled |ir>p(>t^ 
lion tn tlie nuQibvr ofiM^raoDfl which the building U «Kii)ii&u-d lo 
e4>iitKin. The itoora should bu hun){ on switigpivot. hiiij^ex, »o 
Uiat th«y voalit c<p«Q flasily from uithur *u\e. Tht* wuui ul' iliid 
arraiigpraent wa»»idly fQUiu the deplorable accident at tb« music 
hull. Siirrey-nnnlcntL 

Now lot UH tnru lo aunther bnuicli of tlie «tibjeciof asoinrwhiit 
differfut clinnicter, but equally deacrviug uf ei»[jaiiieratii>n, viz., 
the fotindntiuuH of buihlitiKd. lu the schedule of the BuilJiuR 
Act it ia Blipidaud thai the fonudatioiui Khull rent uri the Hnliil 
ground, or upon concrete, or upon oiUar tiolid tiubMti-uclara: but 
wh»t ifi the effect of thiri cUune Id practice! Ikma it biu<l the 
builder to erect h'\» buihiluif ou the beet fouiidatiati, nnturnl i*i- 
artiticinl, he can otiiaiu ( OtrLaiuIy not; tt merely biuJd him to 
build on the iimideo earth, be it what it may; so that we nee 
bouses erected every day upon the umtild, loaiii, clay, or other 
■ui) that may happen to exist id tlie locality. 

Another evil of mci<tem houae-bnilditig is the practice of con- 
■tnicting the ground -flixirs without suil.-ible space undurnuBlh fur 
venliUtion. therefore it ia a couiiuun |>nictit%< Ln Gud the gruutid 
joistA rotteu after a few years; orelxe PaterfaniiliAadiacovers that 
Vhe lower Btnry is ao damp fnttn the line of place biick fuuiida- 
^onti, the iibeeQce of CL)Ucr»tL' ur damp-proof countu. ttiat it ia 
pmctically imio habitable. If he asks why the didirict surveyor 
allows this, he is told the act does uot apply, it U fmnied oliiefly 
to prevent the spread of fire: as regards the health '-r lil'e of ihe 
occupier that is left to providence. It surely wuuhl not he c<in- 
•idered a hardship if builders were compelled U/ ex<;avate the 
e&tire area, so as to keep the grouiid-fluor jni.'«is at leadt one fuuc 
abore the ground in every part, aod that ntich space slumld be 
0Dnnecte«1 with the external air by jrou ^jratin^ or otherwiwi. 

The Riiihlim; Act in itn pn^eiit furtn fiilty iinswttni iia ptit'puae 
In imposing neceBsary Vtistn(;tinu.>i in tlio uon.«iLruoiion of buildings, 
so as to prfvent lire, but it ref]uiri>s considerable exteDsiim iu iia 
proTisionaiu onler togive the tliHtrict eurveyors power to ejiercide 
aome control over the scamptug pru)»eu»^ities of modern builders. 
The present mode of supervision by disiLrict surveyors is as faulty 
as the regiitationn of the Act. It is au absurdity that the district 
mirreyor should hv pitid hy the bniMur over whom he issupiioxed 
to exercise n-strictivu powers. It i<t admitted that district sur- 
veyors are as a rulej^enileinenof the hiKheat iutegrliyaud houour, 
bat it is placiug them in a false posiiiun to allow them to leceive 
money from men with whom they sbouhl be jwifecily iudepeu- 
dent. The xyntein of )»yracut by fees is open to many objectiomi. 
In the subuiban districts the surveyor u in receipt of a largo 
iucome, and in the central districts he does not receive sufBcIeut 
to pay his office expenses; yet he is pxf>ect«l lo exercise the same 
vigilance, in keeping a sharp louk-oiit that buitdiuKS aro not 
erected, ur sltemtioos mivie, without the builder giviug proper 
Dot'ce. lu a district where there is a considerable amount of 
building the amount of supervision is quite inaileqoale. It is 
•imply impossible for any surveyor to efficiently supervise the 
erection of oi)0 houses in one year, and attend to a Urge private 
practice na welt, with the asaistauoe at present engaged. It is au 
old maxim that no tuau cm serve two masters. A district sur- 
veyor should be iHirfertly free from all local in flueuce, therefore 
he should not bo allowed pnvaie prartice, but should be paid by 
the Metropolitan IV>ard of Works a salary iu proportion to the 
extent of the duties of llie district, nut of a common fund raised 
by the fees received from buildi-rs.* Clerks of works or assis- 
tant surveyors should also ite appointed to eacb district, so as 
to insure AD effectual supervision. The public would then have 
lea cause to complain of the imperfections of modem buildings, 
and would also have a batauoe in hand for lucal inipruvumcnts. 

MttropolSt Loeat Managnnent Actt. — In the Metropolis I^ocal 
Managemeot Act, and Amended Acts, we have several nael'nl 
rest rictions AS 10 buildings. In the IS and I9VictnC 120, e. 14:), 
and the 2') and 26 Vict., c. lOS, s. ?<>, it is provided, that no 
building shrill bo erected beyond general line without comiont 
of the Metropolitau Board of Works; but this is geuerally inter- 
preted to mean that the building shall nnt be erected before 
the line of frfuitage of the adjoiiiing housea o** tlie houses nearest 
tberetu; it does not oblige the owner to soi luiok so na tit pi-e- 
■erre an nnilorm width ol street, »ltfaoii:-ii the Metro|Kdilnn 
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Board have puwerv (s. 74} to cnase buildings pnffctinff beyond 
the liue of street, when pulled down or demolished from any 
cause, to be Ket back lo such a line, and iii such a manner, 
for the iniprt>v«ment ol auy street, as they shall din>ct, providetl 
that the il4<ard ^hall cuuifH-iiKMle the owner for any loan he 
may suf.taiu. Cuder thin cluuse many improvements might be 
earrii'd out, ut a amnll c<>st, but the prii|>er moment is allowed to 
slip by, and at a future day the expense will be considerably 
increiiHeil. Ah an instance thereof, the narrow portion of the 
Stnuid, next tlieChurcli of St Mary-le-Straml, lately occupied by 
Sam's Hotel, might have been widened, Hulywell-street abolished, 
and a uew frontage formed next the Siruud, with a good road- 
way north uf the church. As it ia, the hotel is being rebuilt 
on the old site, when of cuurac the opportunity for improvement 
is lost. The Provincial Bank, Cbaring-crosa, may also be men- 
tioned a« nu example of a ooally building having been allowed 
to be rebuilt iu a narrow portiuu of the roadway, which will, 
eventually, require to be set back to the same width as ni 
Whitehall. Likewise, the Inns of Court Hotel has been built 
in that portion of Uolboru which should be widened, to pre- 
serve aoythiog approaching to uniformity in the width of the 
street To dc the CV)rporatiou of Londou Justice, it niust be 
coufesscd, in this respect, they have set tiie Metru|>olitau Board 
an example they would do well to follow. In many parts of 
the City we see small improvements going on by setting )iack 
buildings when rebuilt; in fact, no opportunity ia lost to effect 
this desirable object 

In case of the erection of any building without the consent 
of the Metropolitan Boatxl, or coulmry to the terms upon which 
such erection may have been granted, it shall be lawful for the 
vestry of the parish, ur the board of works fur the district iu 
which such budding is situate, to cause to be made a complaint 
thereof before a justice of the peaoe, who shall thereupon issue a 
summons requiring the owner, occupier, or builder to apjtenr to 
answer audi complaint, which, if prnveii, the owner, occupier, or 
builder tn demolish such building and pay cosis of hearing, and 
iu default of such demolition by builder, &c. the duty to d'-volve 
ii|Min the vestry, with ixiwer lo recover costs. But, nupposiog 
the vestry or district boiird consent to the erection of such 
builJiog, and the Metropulitau Board dissent, and order the 
buiMIog to be demolished, they are powerless lo act: therefore, 
without consent of district board, this clause is inD[>onitive. 
^veml cases of this hind have occurred, and the buildings 
objected to by the Metro|)otitan Board are standing to this 
day. 

UudertbeitA and 26 Vict, c. lui,8.8.'). regulations as to height 
of buildingB are iu force, so that no building can be erected in any 
new street of a less width than cAf feet, whlcli shall oxeeed iu 
height the width nf street, without consent of the Metropolitan 
B-i-ml of Works. Rut why sil*-.p at 50 feet, and why give the 
board the option: if it is au lulviaable restrioiion, of which there 
can be no question, whv not uiake it cumpuliMr}' to all new 
streets i Gar rick-s 11*661 m this i-L-spect is not a very favoui-able 
illustmtiou of the present enactment. In this act we have regu- 
lations as to the occu|>atiou of underground rooms as dwellings 
(s. 103, in which it is ordernnl that the ntom shall be 7 feet in 
height, and that one foot of its height sliall be aiH-ve the footway 
of the street) It is a question worthy of cousidemtion, if it is 
desirable that such rooms should be occupied as a separate dwell- 
ing when we luive uu adequate prnTutioDS against over-crowding, 
and no means of enforcing veutilntiou: at least hat/the height of 
aocii rooms should be above the footway of the street 

District surveyors are, under the Sd & 26 Vict., c. 102, s. $2, 
re(]uired to report without fee or reward in the months of June 
and December in each year, and at all other times when thev 
shall be required to do so by the vestry or district board, all 
undergrouud rooms occupied as dwellings. This is a great hard- 
ship upon the surveyors, and exceedingly inci>n8isteut that any 
officer should be expected to perform duties of au onerous ami 
responsible nature without proper remonoration. The draiuacd 
of buildings is well providetl for, requiriug that all such works be 
executed Ut the satisfaction of the surveyor of the board or vestry; 
and in default of the owner proviiling requisite drainage, >mtcr- 
closets, ashpits, &c., the board have power to cxerule tht» same, 
ami recover from the owner. The qneatiou of over-crowding i^i 
one of the chief blots u]>on our municipal legislation: we have no 
legid means uf getting rid of litis monstrous evil, excepting by the 
puwei-B ooulaiued iu the Nuisance Removal Act, \b St 10 Vict 
u. lit, 9. 29, tinder wfaioh, by the certificate of the medical officer. 
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the local aathority cad iostitute proceedioga to abate saoh over- 
crowding. It would be A much uioreetTectual arraugemeDt if the 
Qumber of o<x'a|)aut« were Umitol to the cubic cnntenta of the 
rooiDtf. nay evasioD thereof being risitcd with a line upon the 
occu|iier orowner of X5. and a further fine for each and every 
day inch infringement is carried on by allowing such room or 
rooms to be HO occupied. 

Fubiic ITealth Act, 1848, and Local G<yr}emmentAct, 185a— The 
powers rented in the local nathorities adopting these acta are 
much more cooiprt'licnsive than thoH in the metro])oli8, as by 
the Hi k 2fi Vict., c. as, d. 34, every local board may make b>o- 
lawB with respect to the new strfct*, the structure of wallo of 
buitdinga, suSiciency of apace adjoining IhoreUi, ventilation and 
dr&inai^; as regnnia the structure of walla, the local boards in 
Home town* are rather lax, a* we find parly walla erected only 
half-hrick thick, nnd the roofs coiinerted right tlirongh without 
auy jArty wall whatever, ao that if a tire tikes place the whole 
row of houses must periinh. The structural dofecla as to timbers, 
&c., ore the Aaoie as before-mentioned as existing in the uieiro- 
polis, which the local boards require freah powers to amend. In 
some towns ventilation ia made compulsory, and the owners of 
new houwB are not allowed to let unless they receive a certificate 
from the survoyor that the housea are fit for habitation. This 
very useful aiid necessary restriction might with advaniaye bo 
adopted throughout the kiugdnm, more esfieciHlIy in iht* nii-ti<>- 
(wliH, where we have so many wretchedly hnilt and ill vemiUitd 
huildiugs. It ia iitimewliHL difficult to impose regulations as to 
iho constructioD of buildings which unscrupulous speculating 
builders will not find means to avoid. The best renietly agaiuat 
the evils of modem building rests with the public themselves; 
whilst there is a demand for cheap houses their wilt necessarily 
l»e B supply. Let the modern architect show that he can build a 
guod house at a fair price, and perhaps the public will see the 
utility of employing him; and before they purchase a house let 
them take care to have it eioniioeti by a competent surveyor. 
A le<> when Paterfamilias wishes to hire a house, let him take some 
piTcaulious lo ascertain who is the buitdei'. 



PROGRESS OF OtTN" COTTON MANU FACTUIIE.* 

By Mr. Prkktici. 
GtT» cotton, called by Liebig^the explosive of the future,*' 
lias lately become a matter of great interest, engaging the atten- 
tion of scientitic men in this and other countries, has formed the 
subject of popular lectures, and has already been brought into 
practical use by many of our hard-working miners nna quarry 
men. This is mainly to l)o attributed to the strikinp manner iu 
which the subject of Austrian gun cotton, prepared by the pro- 
cess of BaroD lyjnk, was introduced at the Newcastle mi-elinfr of 
this Aasociation two years since, when in the chemical secriun 
Dr. Miller, Ijr. Gladstone, and Professor Abel, and Mr. Soott 
, Bussell In the mechanical section, so ably cjilled attention to the 
Ideuul of its manufacture, and gave accouutsof it« mighty energy. 
"This ia only another instanco in whieh the British Aasociation 
proves its utility ia assisting to develope practical results from 
scientific iuveaiijjfttions. During the past twelve months con- 
siderable advauco has been made in the application of gun cotton 
as an «xploaive material. K«|mrta from various mining works 
indicate a aieady progress townrdu the general uset At first it 
aeemad probable that gnn cotton would be effectively and 
economiodly employed only in hard rock, such ns granite. 
Doubtless in such material ita full power was umst easily de- 
veloped. Experience shuwei], ju working amongst soft rocka 
and coals, that the torni in which gun cmiton had been prepared 
vaa not the beat for oblainlug suLiafaclory and econttMiieal results. 
The charge was confined in a small spiioe, and acting on a short 
length ot the hole or drill ^howHl Immense force, bnt expended 
a considenihle portion of it in enlarging the liime of the hole, 
while the remairnler had only the elfetr of splitting the lock, 
instead of throwing over the burden. The mechanical applica- 
tion to which gun cotton aeems bo ready to submit was oonse- 
quontly varied. By the intra^luciion of a core of wood, the 
oiarge of ootton was made to uocapy double the length of hole, 
the wood filling the internal spaice of the charge, so that in the 
explosion a much larger surface waa acted npou, while the gases 
were well coDfined. Id this manner work is now execoted in 
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coal and in slate, obtaining even in soft material the full force 
which waa at first claimed for gnu cotton iu hard rock only, 
namely, six times that of an equal weight of gunpowder. Com- 
fiarative trials have dearly demonstrated the superior power and 
advantageit of gun cotton. In Wales, driving through the "bard" 
overlying Hie alate vein, one of the contractors teports that bis 
level or tunnel could be advanced 9^ Tarda when the men worked 
with gun cotton, while 6 yards was the meet accomplished in the 
name apaoe of time when gunpowder was used. This point 
deserves the fullest consideration, foralllioogh gun cotton, used 
iu holes as ordinarily preparvd for pi^wdrr, is found to answer 
satisfactorily, there ia no doubt that when judgment is exerctaed, 
and the work put before the holes is proportionate to the 
enormous power of the charge, a given dialiuice will be advanced 
witli a less number of holes, with consequently a further 
considerable reduction in the coat. In cloie under-ground 
work the fullest advnntageK are still more manifest There 
ia no smoke, neither are there tboee deleterious product 
which cauflo the tue of gunpowder to be so noxious and injurious. 
Id 1864, the Commissioneni appointed to inquire into the eon* 
dition of mines in Great Britain rendered thotr report to both 
Houses of i'orliament. In reference to the air in mine*, and the 
sanitary eU'ect^ ( f gnn aittou and gunpowder respectively, Dr. 
Angus Smith, F.P.S., reports: — "As gunpowder is eviuentiy 
one of the most deleterious ingredienis affecting the air of mine^ 
the coiumixMioQ was desirous that the products of combustion of 
gun cotton should be examined, in onler tu find if tliat sulistance 
promised to perform the ^rk of blasting with a less injurious 
inilueQce on the air; for if gun cotton could be used of a kind 
which gives out none of the oxides of nitrogen, an advantage of 
the Diost pl<?.<u<iiig kind would be gaineil. The solid matter, the 
crjataU and c:>rl>on, nould cease to trouble the miner, as well aa 
the sulphur conifiounds that follow every explneioD. To examine 
thix, Ixird Kint.iiird had arranged a meeting of captains of mtoea 
at Dolromth, Canilxirne, with whom I waii to act, examining the 
products of coiiil)URtiou. Accident prevented me going down 
the mine, but Mr. Richard Fearce, uf the Royal luatitutiou, 
Truro, took the ap|>nratuB down, passed the air through the 
solutions, and hronglit up ttpecimena immediately after the 
eiploMions. Several Aolutiora were examined, the amount of air 
passed through being 1470 cubic inches, but only a trace of oxides 
of nitrogen could be found in any, and with difficulty. Con- 
sidering that nitrales could lie found in a few cubic inobee of air 
alter the explosion of gunpowder, tJie reeult must be considered 
excellent. Whilst the experiments were going on underground, 
I selected a hut somewhat about the height and breadth of a 
'close end,' and abont 10 feet long, as fitted for making similar 
trials above ground. In thta was laid a large mass of granite; a 
hole was bored In it by a tniner, and it was fired with gtm oottoa. 
The exidosiuu was pronounoed successfnl, but although it was 
believed by the miuers present that the gnn cotton had done all 
to the stone that powder could }>niwibly have done, they wen 
surprised that the roof of the hut was not blown away. Tbey 
held this as a proof that the action of the cotton was different 
from tliat of the powder. Probably the vapour of water con- 
densed before reaching the roof. We all entered the hot 
iusiautly. 'Vhe place was full nf a light coloured or nearly white 
vapour, with a rather pungent smell, having in it nothing at all 
resembling nitrous gas, or indeed auy acid substance whatever. 
I could think of nothing similar to this containing nitrogen. 
AfU>r all tliiTu wan not much of it, and it waa far from reeembling 
in intensity the smell of gunpowder nf\er explosion in such a 
place. If the senises could liavu detected any nitrous gases iu the 
va]x>ur, I W0UI4] not R]>eAk iu favour of it, hut afler remaining !o 
the midst of it till it disap[>eared I am compelled to defend It 
against any such charge. The man who bored was very mudi 
pleased, and all the workmen with whom I spoke prefened veiy 
much the vapour of gun cotton to that of gunpowder. Thei* 
was now a new riddle. Why wta there smoke, and what was 
the smell observed I No one seemed to know the smell of a fuse; 
it is never naed by itself, and although oooietimea it bums with- 
ont lighting the charge, the men do not enter such places till the 
smoke ia gone. In ortler to settle the pointy the hut waa ehst 
up, a burning fuse being enclosed in it. Wlien we entered it 
after two minutes, there waa the same white smoke and the same 
smnll before deacrilwd; it was now explained to be that of dis- 
tilled or half-burnt CHuvaa and tar mixefl with the gunpowder of 
a fuse. So strong was it, that I do not hesitate to say that the 
smell of the guu cotton was not iu the slightest degree perceptible; 
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iu other vrorda, IL liail uo percepliblo iuflueuco on tlie siuull iu 
the liut^ Such a fuKe u uut oeceaury. It ia tioL udetl «v«r.v- 
wiieiv, niiit in rpnlit^' >H»t*i)i<i rather to be a |)«uuli:»i'ity i>l Mouia 
districbt; tliose Dmiiuractuivi) in Camborae for oiodt pki^^ being 
ditTereui io compMittou. la every trial in which the effect on 
the senaes or the breathing, and aa lar a.q we cnu judge on health, 
-WAB ooni»uler«d^ gttu cotton hu« ooine off with tliB lii^h«st 
cbnracuir. I feel much coDfid»uco iu speaking ihua highly in ita 
favour." 

Considerable iDterest in this subject has been excited in 
foreign coautrie^, as well as in diatant British colonies, in some 
of which tlie use of gun cotton mautifnciured in tliia country is 
establish cfJ. With ivference to the iunnufni:turn two Ihingn call 
for special remark. First, aa to the stability of the material. 
To satisfy ourselves of this we Bubmil(«d it to Mr. Uadow, of 
Swing's College, and t)ie fnlluwiiig was bis report: — " GeiitlemeD, 
1 have carefully examined the saiuple of gun cotton rope, supplied 
as a sample ot'yuur maunfaciure, and aiu able to report favour- 
ablv upon it. The gnu cotton proves on analysis to be the 
higlieat and most powerful explosive of the series of substitutiou 
compounds formecl by the action of nitric Kcid on cotton. It con- 
tains the maximum amount of peroxide of niti-ogen, curresponil- 
JDg with the formula C aO (9 N—II i\ 4) :^0. This was 
proved by submitting a portion, carefully dried in vacuo, to tlie 
reducing action of an alcoholio solution of the double sulphide 
of potassium and hydroj;eu, when it gave an amount of cotton 
almost exactly corres[H>nding to that which calculation requires 
(100 parta gave Hi HO, calculation rec[nircs Hi 54 of cotton); and 
■eoooaly, by treating another portion, lilcowise weighed after 
drying iu vacuo, with a mixture of tbe strongest uiuic and sul- 
phuric acids for thri-e boutM, when the pnrauuce of any uf iha 
lower sabstitution compouuds would have been delected by an 
JDCrease of weight afler w&ahinf; and dryiDg (the next lower sub- 
Htitutton compound gaining 6'3, and the next lower 11'3 per 
cent by such traatmeut). The sample, however, gaiued uctbiug 
in weight by the immersion; on the contrary, as experience has 
proved to be the case with gnn ootton that bat reached the highest 
stage of substitution, a loss was sustained of Q*95 percent., which 
Qorrwpoods very closely witli what experiment shows to be the 
loss snstiiiued always through solution by imuiersiun of the 
strongest gun cotton for three hours in the mixed acida. To 
deleruune iu stability, it was placed io a tube with bine litmus 
pa]>er, side by side with other snmples, each contained iu & sepa- 
rate tube furnihiicd with Htioiu |»par. These wore then simul- 
taneounly submitted to the tuuipL'nuure of bulling water. Some 
of the samples showed immi'^Hate signs of decomposition by 
reddening tbi^ litmuti p)i|>er. and in a short time tllliug Ibe empty 
part of Uie tube with the red vitpours of peroxide of nitrogen; 
while ihe sample ynu supplied 6h<JW^.■«t no trace of decomposition 
until about forty minutes, bufui^e which time some of the more 
decomposable Kpfciiucns had bet^u exploded. From this result it 
niay be concluded th:it your gun cotton possesses a high degree 
of dtabilily, iiud of all the exaiiiplea I have exaniiueil it is tlie 
IcARt likely to chimge during pro|lJu^ell storing. The sample was 
found perfectly free Pr'im u!l uncorabined acids — it hod, in fact, 
a viTV feeble alkaline renction (due lo silicate of anda), only dis- 
Covuimble by tcittiug with cara Waahtnl with water it loves 
ah'iut 3'Oti per cent, in ^vt;i^|||, the Inss couai^tiug of silica and 
siltc.ite, and sulphate •at' lime, partly su8|>eoded, partly diswilved, 
together with traces nf organic matter, evidently inlroducBd, 
aiuoe the treatmi<ut with acids, as it is non-nitrated, uud chars 
slight] V on eva|>orstion to dryusss. The gun coit4>n after wash- 
ing siill retains alwut l'G4 per cent, of silica nud sulphate of lime. 
Iu thr precedJngslateuent as to the amouutof cottou obtainable 
from the gon ootton, sod as to the weight after imiuentiou iu 
scidti, the amount of ash and soluble matter wa^ ascertained both 
before and after treatment, and woh dttducted in the calculations. 
In reply, tlteu, to your questions, it may be stated that your 
sample cousistH of a definite chemical compound, the hitfbest of 
the »orit-s; that it has bccu carefully prepare^I, being n;murkably 
■table at 212,^; and u quite free from nncombined acids.'* 

The neciind thing calling for remark relates to the greater 
safety M the worJ(peo|»le employed. The British Assuciatiuu waa 
last ye.ir informed of tbe iutrwluctitm of the wet pr«>c«ss, by 
wMcU tbe gUQ cotton was manipuhited through all its stages in 
4 damp or wet state. The sugceution that this plan should be 
sdoptod was maile by Dr. MiTler, when, with Dr. Frankland, 
Dr. Tbortias Richardson, Professor Abel, and Mr. Scott Itussell, 
he riuted the manuCkCtory, and inspected the oper&Uoua. This 



has been extended even to the point of storing under water. The 
magazines at the fsctory now contniuing the slock of gun cotton 
ropes, cut up into uiiuiug cbarges, iMjuttixt of innks with tona of 
the material aubmergod in msny more tons of di9iitli>d wat^r. 
As orders nni received charges ai-e taken out of tbe water, and in 
a few hours are ready for pnckiug and deliver}-. It being there- 
fore unnecessary that any large quantity of exploetve gun cotbm 
ahoald be kept on the works, gre^tt sitfety is attained, and the 
chance of any alarming acoideat is eutii-elj removed. In the 
application of gon cottou to rifles and sporting guns oooaiderable 
experience has been gaiued. The latest trials have been very 
successful, and indicate that we are arriving at the principles bv 
which ciuunn cartridges alaa m^iy be suooessfully prepared. 
From the scientilic pomt of view there are no InstaDtaneous 
forces generated either mechooioally or chemically, and motion 
or auy process of compcattlon or decomposition can only take 
place by ilegrees; but from the practical |»int of view there are 
compouuds which decompose with such immense velocity, whicli 
require such an extraordinary- small space of time for their 
deoom position, that for all intents and purposes they may be 
considered inslantaaeous. Such compounds are called fulmina- 
ting. Kxperiments with gun cotton show that it may be made, 
practically speaking, iustantajieous in its deoom position. Using 
nigh densities (iX) — 10 lb. per cubic foot) io an open condition, or 
iu other words producing many channels Ihnxjgh the dense mass 
of the compound, the daslruotive etTfCtuf such oou6nud maasea 
of gun cotton in, in every respect, similar to the strongest fulmi- 
nates. It is well known that fulminating cotopouTids cannot be 
osed for propelling projectiles, on accnint of Ihe dootmctivr 
efieots produced upon the giina Ulie v bole }K}iut of tlie iKissi- 
bility of the application of gun ootton tlierefore turns upon the 
question, whether or not a certain quantity of gun cotton can be 
made to decompose in the given time reauire by a Dtasa to move 
throi^h a certain distance, when prnpi^lied by a force limited to 
the strength of the {{un. It would k-ad too far to enter into the 
details of the trials, which have satisfactorily showed that the 
time of decomposition of a certain gun cotton charge msy be iu- 
creased ennsidenbly beymid the requirements of the ai'tillertst'^ 
or the compound may be made too slow for purposes of artillery. 
It has been found that the gun cottou charge moat be divided 
into at least two individually diffeivtit parts, which, for the sake 
of eleamosd, may bo called the exterior aud the interior charge. 
The mechanical composiiiou of l>otb these is materially different; 
the exterior twing a ainall fraction of the whole (from about one- 
aixtb to ouo-tbird) in an open condition of low deusity (3lb. to 
IU Ibu (ler cubic foot) in relation to the space in which it explodes. 
This generates the iuitial pressure required to start the shot from 
rent. The iuteriur charfte ou the oiher baud, being sufficiently 
se|taraled from the other by a strong resisting medium, aud 
igniteil at one or more ends by the eipinaiou of the outer charge, 
contains the remaiuiug quantity of gmi cottou (A'9 to i'i) under 
B high density (40 lb. to bO lb.) The object of tbe interior or core 
charge la to generate the propelling ga.s during tbe motion of tbe 
projectile through the biirrel of the gun, and to supply the gas 
St a ratccorreDpouding to the accelerated motion of the projectde. 
Tbe resisting nie^lium which separates the outer and inner charge 
may be a cytimirical tube of cDUHiderable strength, and it baa 
been found that the relative quautilv and drusily of both charges 
-w)ater and inner — and the dimensions of the cylindrical tube. 
its inner diameter, tuugtii, nod ihiukness, ure quantities ao ioti* 
malcly connected that tlie omission nf or inattention to one of 
them wholly impnire the effect, uniformity, or powers uf the gou 
cotton cartridge. Without going into actual figures, it maybe 
stated that the initial velocity <•( the KnSeld rifle projeotile, with 
the use of such gun cottou cartridge, already i^xceeds tbe initial 
velocity of the service gunpowder charge. Thia has been teated. 
by means nf trnjecioriea due to guu cotton aud gun}K>wder 
charges, each prrjectile n^conling its path of tllgbt or trajectory 
The maximum incurvation of iJie trajecltiry of the service fiim- 
powder chargv of the Kntield ril)^, w>thiu a Fiuudred yards of the 
mozile of the gnn, being ou the avemgc ;!^ in. — that of a series of 
gnu ootton cartridge made on the atiove principle has bocn, on 
the averagp, '.i^ in.; ihe gun coiton tmjeclrtry being therefore 
flatter by I in. In ihe first hundred yanla. The path of the pro- 
jectile was rvcorded by means of screens, vvcry 50 feet apnrt. 
Tbctte velocitiee hnve been obtained with a service Enfield rifle, 
out of which about two thousand gnn cotton rounds have been 
fired, wilhoQt any signs of distrcaa u|>im the auii. as olGoiaUy 
reported by the inspector of small arms at Woolwivh. 
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The triftln fif gon ootlon c&rtridgea far riflea aod orJnanoe being 
ID a coon»e of progrest, it is for the jircMut preferred not w gi^e 
defioite qoantiiies respecting this conatraction of sach caririiigos. 
"When tlic gun coUod cbnrgea sball have been fionlljr sctlled by 
the Oovenimeut (Vimintttft!, a full necomit of the triala wiu 
doubtless be given. The inrtnd|;;efl will give still better rmults 
when made with machinery better adaptod to ennnre uniformity 
of ooustnictioQ. Ttie a4:taal diraenirions and quantitiea of gan 
oottOQ cartridgeg for fowiiu^ or sporting guns may be given, frum 
trhieh a general idea niny be gained aa to the ooDBtmction of gun 
(uttcn cartridges. Breech-}(^ing sporting gtm, gAUge No. 16, 
cbargea made up in casei, gun cotton charge: exterior, 4*3 grains 
iroD cotton muslin; ioterior, 18 graius of solid (1 fold braid of 
KiH' yam; density of core charge; 67 33 lb. per C F. Dimeusiona 
■if cylindrical tube coutAintog core charge: lengths of tube, "94 
inch; inner diampter 35 in^; outer diameter. J inch. First 
wad, next the gun cotton cartridge, boiled in wait; wcond wad, 
•oft as usQ^il, 1 oz. of shot, igidtion of core charge both ends. 
The Bhootiug of this cartridge is sopcrior to apvirting gunpowder 
ia evenr respect. One little incident from the sporting field is 
not witboat iigui6cauee. The bny carrying the game bag made 
the following homely remark:^" This cotton business is likely to 
be a bad thing for the birds,'^ as he fonnd his wallet filling much 
more rapidly by the jjun whioh was fired with the gun cotton than 
that charged with gunpowder. Such a remark w.»uld not excite 
jmrprise with any (leraon who had seen the greater penetmtion, 
and the more equable disHtribution of the shot, as shown by the 
state of the targets after the competitive trial with each explo- 
sive. 



OS THE EI.ASTrCITV AND VISCOSITY OF METAL&* 
By Prof. W. Thomson, LL-D., F.R.S., F.R.S.E. 

Amunq the expcrimentAl exerdses performed by students in 
the physical laboratory of the University of Glasgow, observa* 
tions on the clwiticity of melaU have been continued during many 
ywirs. Noroeroua questions of great interest, requiring more 
thorough and accurate investigation, have been suggested by these 
obaervatioiia; and recently they hove brought to light some very 
unexpected properties of nietailic wires. The result* stated io 
the present commuuictttion are, however, with one or two excep- 
tiouB, doe to the careful experimenting of Mr. Donnltl Mocfnrlane, 
official amistaut to the rrofesaor of Nutural Philosophy, wliose 
Interested aud skilful ctMtperation has been most valuable in 
almost everything I have been able to attempt iu the way of 
exmrimeDtal investigation. 

The Hiibject has naturally fallen into two diviaiona— vtacoeity 
and moflufi of elasticity. 

Vuco*itf/. — By iudocLion from a great variety of observed 
l^ienomeiia, wo are compelled to conclude that no change of 
ralome or of sliape can bo produced in any kind of matter with- 
out dissipation of energy. Even iu dealing with the abaolnlely 
|>erfeol elnsticity of volume preaeuied by every fluid, and poasibly 
by some solids, ns, for instance, homogenouiis crystils, dissipation 
of eDerg>' is an inevitable result o? every olungo of volume, 
beoui«e of the acc^mipanying change of temperature, and conse- 
quent dissipation of heat by cauduuliou or radiation. The same 
canae gives rise necessarily to some degree of ili!ii4i)»tion in oon* 
nection with every change of shape of an elastic solid. But 
eatimates founded on a thermo-dynaraic theory of elastic solids, 
which 1 hsve given elBewbere,+ have suflSoed to prove that the 
loss of enci-gv due to ttiis cause ik small ia comparison with the 
whole loss of energy whicb I have observed in many cases of 
vihrntioQ. I have also found, by vibrating a spring alternately 
iu air of ordinary nres-iure, and in tlie exhausted receiver of an 
air pump, Uiat tlicre is an iuterual resistance to its motions 
immensely greater than the i-cHiHt-iuce of the air. The same con- 
clnsion is to be drawn from the obwrvntion made by Kunffer in 
his great work on the elasticity of raetals, that h'ia vibrating 
springs subsided mueli more mpidty in their vibrations than 
rigid pendulums aupfiorted on knife edges. The sulmidence of 
viorations is probably more rapid in glass than in some of the 
niosi elastic meiJils, as copper, iron, silver, alumioiumX; but it is 

* From lb* Praocvdii^i of lli« Rejsl Sodclr . 

t nu Ilia Thsrvw-vliwlic Pn>MrtiM of Soltdi, " unutcrir JognuJ ct MftUtemsUai.'* 

I Wv hmn no orl<lttac« Uui Um pncioM atstala sn non slsalio IImm oinper, iroa. 
»r Wan. Ouu uf tin- nrw bnmie poonln giva qmltt u clssr s lUtg u » iiint, tin>- 
■LlUtaif }ileca toMtwl In tlir ii*iiiJ mSHDW. 



much moro rapid than in (i^oss, mnrvellonsly rapid indeed, in 
some metals (as, for instance, xtnc),* and in india-rubber, and even 
in hotuogcnuous jcllius. 

The frictiouol resistance against change of shape mast in every 
solid be infinitely small wheu the change of shape Is made at xa-^ 
infinitely slow rate, since, if it were finite for an infinitely slov \ 
change of shapv, there would be infiuitc, which we may be sure 
does not exist in nature-t Uonce there ia in elastic solids 
molecular friction, which may bo properly c-dled visoostty of J 
solids, because, as being an internal resistance to change of snap* . 
depending on the rapidity of the change, it must be chuM^d with 
fluid inolt^iilar friction, which by general consent is called via- 
coeity of tluida. But, .it the same time, it ought to be romai'k«d . 
that the word viscosity, as used hitherto by the best writers,^ 
wb«n solids or heterogeneous scmi-sutid semi-fluid masses ar« 
raferreil to, Una not been distinctly applied to molecular friction, 
especially not to the molecular friction of a highly elastic solid 
within itB limits of high elasticity, but has rather been employed 
to designate a prngierty of slow continual yielding through very 
great, or altogether unlimitod oxtcnt of change uf shape, under 
the action of continued stress. It is in this aense that Forbes, for 
instance, has used the word in stating that " Visoons Theory of 
QIaoial Motion," whicli he demonstrated by his grand obserm- 
tinns on glaciers. As, however, he, and many other writers after , 
him, have used the words plasticity and plastic, both with 
rcfutence to homogeneous solids (such as wax or pitch, evea 
though also brittle, soft metals, &c), and to heterogeneous semi- 
solid BAmi-fiuid masses (as mud, moist eaKh, mortar, glacial io^ 
&c.), to de»<gnato tlio propertyt commou to all those caaes cuj 
experiencing, under continued stress, cither quite continued and 
unlimited change of !ifaai>e, or gradually very great change at a 
dimiuiihiug (a^^ymptotic' rate through infinite time, andas tlie 
use of the term plasticity implies no more than does viaeoaity, any 
physical theory or explanation of the property, the word viscosity 
IS without inooovenie&oe left available for the definition I 
propose. 

To inv^tigate the viscosity of metals, I have in the irst pUua | 
taken them in the form of round wires, and have chosen torsional ^ 
vihnitious, afVer the manner of Coulomb, for observation, as beiBg,^ 
much the easiest way to arrive at definite results. In every cm«r \ 
oDn end of the wire was attached to a rigid vibrator with 
sufficient firmness (thorough and smooth soldering I find to ba 
always the best plan when the wire is thick enough); and xbm] 
oilier to a fixed rigid boily, from which the wire hangs, bearing 
tlie vibr-itor at its lower end. I arranged sets uf observationa to 
be made fur the separate comparisons of the following claases:— 

(a) The same wire with dinerent vibratora of equal weights (to 
give equal stretching- tract ions), but different momenta of inertia i 
(to test the relation between viscous i^esistoiices against motions 
with different velocities through the same range and under the 
same stress.) 

(b) The same wire with different vibrators of equal moments of ] 
inertia hut unequal weights (to test the effect of diiferent loogt- 
tudinal tractions on the viicouB reaisunoe to torsion under cir- 
cumstances similar in all other respects.) 

(c) The same wire and the same vibrator, but diffei-ent initial 
ranges in «ucce»«ive exiwriuieuls (to test an effect uuexitectedly 
discovered, by which the subsidence of vibrations from any 
auiplitudo takes place nt very different ratee according to the 
immediately previous moteoutar condition, whether of quieooenco 
or of recurring change of shape through a wider range.) 

[ti) Two equal and siruilar wires, with equal and similar vibra- 
tors, one uf them kept as continually as possible in a state of 
vibration from day to day, the other kept at rest, except when 
vibrated iu an experiment once a day (to test the effect of con- 
tiiiued vibraliou on the viscosity of a metal.) 

Resolts. 
(a) It woefouud Uiat the lose of energy in a vibration through 
one rruige was greater the greater the vetornty (within the limita 

' TurMDOft] vlbraUoM o( a «cl(lit hang »a a sUh wire sulMlile to rspIiUf , lltat It 
hM been Couwl uutvlj poMihle U> oaont mora Umh imoMj at iken in one cue eipe- 
rlnentwlcn. 

tTfcew *ho \)(>1ii>Te in tbB«iUt«ncA of UullTbttile, tnflnttd? MnagSBdlstUttdf 
rigid nry ntuOl bodie* (flniM ftbtm* 1) tiujr deuj thU. 

] Sunt confuiii^ii "f Ldeui <id tbe pkrt <J writetK vlio Iibtc ninftidlj oli j w to d la 
Potbea^ tbeorr vkik rcallr objecUiif ofilj (ud I b«Ii«ve emusalsMlyl tft hit Kngt Of ^ 
tke word rbttX3»itj, miglii han tmts aToSdeA tf tbe^r bad pvtMd to eowtdrr Uul tm*\ 
one plii^alcal sxpIuiAtloa cau biilil ftir tboao lOTerml caw», and Uut Taibm' thtnry is 1 
to«rtlj Uie pnoT hj obwrvfttinii ibal slscMn lutre Um profieitf llwl mud l>al«RK I 
g«n«iua}, nartM- nM4«nw«DMiii«; pitch ihonogawKxui, (rMer (fcc m mwwoai). tU haws ' 
uohsoflai dupB indedutlcl; uid contuiuoauj undot Um Ktiaa si ooallnssd strm 
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uf the experiments); but the differencQ betveeD the loowa iit low 
and high speeds wu much less tti&» it vonld hare been had the 
rcaistnuoe heeo, as Stokea haa proved it to be in fluid fricliou, 
appruxitnntcly *s the rapidity of the chauge of shape. The 
irre^lArities in the results of the experiinentd which up totbis 
time I have made, seem to prove that much smaller vibrations 
(producing less abeolute amounts of distortion in Ihe parts of the 
wires moat strvsaed) rnunt be obu^rved before anj aimple law of 
relation between molecular trictiou aud velocitycan be discovered. 

(h) When the weight was increased the visoosity was olwaya at 
first much increased; bat then day after day it grndaally dimi- 
nished, and became as smalt in amount an it had been with the 
lijtbter weight. It has not yet been practicable to continue the ex- 
periments long enough in any caaoto find the Hmtt to this variation. 

(«) The vibration subsided in aluminium wires much more 
rapidly from .impHtude 30 Lo amplitude 10, when the iuitini 
amplitude was 40, than when it was 20. Thna, with a certain 
aluminiam wire and vibrator No. 1 (time of vibration one way 
1*767 second), in three trialsthe numbersof vibrations counted were: 

VibrMiocii. 



60 



G4 



CI 



98 



M 



112 vibntions. 



Snbiiilanco from 40 initial amplitude to 30 
And fntm 20 (in onune of the Bame experi- 

mcnta)tuIO 96 

Tbe Barae wire and aama vibrator showed — 

Snbsidenfle from 30 initial ampUtiuie Co 10 
<arer*t'c of fuur trials) 

Agaiu the same wire with vibrator No. 2* (Ume of vibration ouc 
way r236), showetl in two trials — 

Tibntiotts. 
Ssbnilcboc from 40 initial amplitude to 30 ... fE4 ... 52 

And nontiaued from20 to 10 90 ... 90 

Again, same wire and vibrator— 

Ftom initiiU amplitude SO to 10, 103 vibrations (mean of eight triaU.) 

This remarkable result suggested the question d. 

(d) Only one comparison was made. It showed in a wire whicli 
was kept vibrating nearly all day, from day to day, after seveml 
days, very much more molecular friction than in another kept 
qaieeoent exeept daring each experiment. Thus two equal and 
similar pieoesofwire were put up about the 20th of April, banging 
with equal and simitar lead weights, tbe tops and bottoms of the 
two wires beiug similarly fixed by Bolderiug, No. 2 was more 
freqneutly vibrated than No. 1 for a few days at first, bnt no 
oompariflon of viaco«itio9 was made till Alay 16. Then — 

No. 1 Rubaided from 20 iaitial mti^ t^t 10 ttt 97 vlbrationw. 
No. 2 th« flame Kulwidcnco in 77 vibratiouH. 

Dnriug the greater part of May 16 and 17, No. 2 was kept 
Tibrating, and No. 1 quiescent, and lato on May 17 oxperimeut* 
with the following reoulta were made: — 

TliMnr ribtatton. 
No. 1 subdded from 20 to 10 after 99 vibrations in 237 Mcunds ... 3-| 



No Siubrided from 30(0 10 after 58 ,. 142 „ ...3-45 

.. „ .. M „ 147 „ ... 2-4S 

„ M I. 57 .. 189 2-45 

M 1. ,. 60 „ 147 „ .. S'4C 

[Addition May S7, since the readinc ofUie paper] — No. 1 hns 
been kept at rest from May 17, while ffo. 2 has been kept oscil- 
lating more or less every day till yesterday. May 26, when both 
were oscillated, with tliefullowingresutts: — 

nme ]Mr rlbntioo 
Na 1 lulisided from 20 to 10 afl«r lOOvibratintu in ?42«eouads 342 
Nrt. 2 ,. M 41 nr IS viliHitimi* 2"495 

Moduli Qf Ela$tieit^. — A modulus of elasticity Is the number by 
which tbe amount of any specified stress, or component of a ntresa, 
, muitt be <livided to find the strain, or any 

staled comp<iuent "f the strain, which it pro- 
duces. Ttiusthe cubic conipix^aiibilitr of water 
*«'»? \\Ur. per ntmospLci-c, its " modulus of 
ooDipreMihility," or its "volume modulus of 
elasticity,*' is 21000 atmospheres or "fix 
U'50fix2IO0O=217Xl0" grammes weight 
per square centimetre (as 13-fi»0 ia tbe 
density or specific gravityt of mercury, and 70 ceuiimetros the 
lieigbt of tlie bai'ometrir column eorresi-mJiiig lo Ibe preuui-c 

* Of iUTHi wclgbl lu Na 1, hut r1IIT<T*Dt tnomotl u' iu«rlU. 

I Th» «a» ftnl MtvutSfs of t^ Wreath mMrtcal mpum U tbst tbe ■•« of th« 
urH frinai (1 oHitlaurtra; ot mtv m iU KniwnlKra of BUliHn inMj (l*»U 



defined as "one atmosphere"). Or again, Tonne's "modulus," 
which bns generally been L-nlled simply the modulus of elaati- 
dty of a solid, ia tbe longitudio^^l traction of a stretched rixl 
or wiie of the substance, divided by the extension produced 
by it. Dr, lastly, the "moJulns of rigidity" or, lui it is 
conveniently called, simply " the rigidity'' of mi isotropic solid, 
is the amount of tangential nive^ divided by the dt-rormation it 
produces — tbe former being measured in units of foivc per unit of 
arva applied, as ehown in ilie diagram, to each uf four faces of a 
cube, and the latter by tbe variation of each of the four rigbc 
angles, reckoned in circular measure. 

Meaiuremeuts of Young's modulus have been made for niauj 
bodifs by many experimenters; but hitherto there have beeu 
very few delermiuatiuns of rigidity, notwitbstandiug the gi'aat 
ease with which this can be done fi>r wires by Coiihuiib'a method. 
Acooriliugly.althoiigh several accurate detcrminaiious of Young's 
modulus have been made upon wiraa of different substances hung 
in tbe college tower of the University of Glasgow (which, hy 
giving 80 feet of clear protected vertical space, affords great faci- 
lities for the investigation), 1 Hhall in this paper only refer to 
some of the resulta aa bearing on the question, How are moduli 
of eUstleltv aifected iu one Kubstance by permanent cbHiiges iit 
its molecular conditiou ? — which was my starting-point for all I 
have attempted to do experimeutAlly regarding the elasticity of 
solids. 

To determine riglditioa by tomional vibrations, taking advan- 
tage of an obvinua but most valuable suggestion made to me by 
Dr. Joule, I used as vibrator in cucb case a tbiu cyliuder of sheet 
brass, turned true outside and iuside (of which the radius of 
gyratiou must be, to a very close degree of approximation, the 
arithmetical mean of tbe ludii of the outer and iuuur cylindrical 
surfaces), supported by a thiu fiat rectangular bar, of which tba 
Bqu:ire of the raditia of gyration is oue-tbtrd of the square of the 
distauoe from the ceutre to the corners. The wire tu be testeal 
paaaed perpeudicularly through a hole in tbe middle of the Itar, 
and was there firmly boldered. The cylinder was tied to the 
lionVontil bar by tight silk tbreadH, so as tu hang with ito axi« 
vertical. 

The fuliowiug particulars show tbe dimensions of the vibrators 
of this kind which 1 have iineti: — 
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3^-955 gnat. 
46-68 ,. 



1877-5 
2255-5 



Towarda carrying out the chief object of the investigation, each 



•.vat.) 1* ttnlly (I gmutnc' to k ■undent (leprae of ap|iniiiiiutkiii fur aUwmI sU pno> 
tical pnrpMtM. TIiim, Mvordlig la Ihii *7»taa. Uto diuaitj ot ft bod/ uhI lu «|Ni-illi- 
nmvltf mcaaope uhI tlu •oms tbuw; sbareu oi tht DrilUk tta-tytlcaa Uir <:i . 
li axfinMMd l>7 & nuislMr foiwii bj uinlM|iljrin( tin* mcdAc freviljr bv una nmr i r . i 
nootnsr, aooonling to tlx diala in a oiUe tndi, mhgi! fewi. riibic y^m, or eat<. i > 
thai i> lBKd« far tbe iiult nf vuloini;, utd Um wcj^ltt qf a f r&in, Kruplir, ipau ' 
draofam, atvtbK&TT** drarhut, vatiQii Unj, Oddoi anirdapulj. usdo tnty, ; r 
avoirdupois, •Com ;imt>criiil, Ajnhln, Luu-Uure. bumljartoaMirG}, aloae fsr h-.t, 
■:oM fur cam, atiATUr iif « hoadrvdwdsbtl, qwtrtrr \<3t con), tkutdrtdwalfli&t nr tun, 
tb»t 1* cboKti for ualt uf fortv. It la a raMflBt4a pbenomMuiB, '*"'"*|[*"g nUiu w 
uicnl uid locUI than td nfafiUa] Brtoace, thU » Moplo tCDdlai BStonllT W In nirulAlM^ 
by toBomaa *euM sbmid rolBiitaril/ CMKhHan UMca«drM^ u tlis Brtiub ban •» loot 
dona, to aatuemmrr bard Ubovr ts enrr ultoa of eoauoo hnilnrai or tdrnMe «iifli 
nl«t«d U> OHiaraRtiMQl, fron wlUch all um ofbar aatloiM oT Atrofw haw •aoAclmttd 
tbtiitMtltM. I ha*« li*wa luIbRDed. through the UiKtsoM of PlotoMtr W.H. MmW. iif 
aotbndffi, thai b« oqudodiw, from a verr lrut*orth) eMi|iarlaon of rundarda t/ 
Kst-OKr, of Xl. PM«r«lNir(, Uial the wdsbt of n cabte dednwin til mnua at tati|>i?nt- 
tui« «f mulKian deult;^ *■ IQOO'411 fraunt*. 
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wire, after boTinf!; been Biwpended and strwtchod with juat force 
eiwitgh to mtkke it ob ntAtXy sCniigbt aa wtui ucec«ary for bccu- 
lacy, WEB vibraU'd. Tlien it was atrotchcd by Imiid (ipplied to 
the criMU Inir aolilefed to its lower ciul) adU vibrntcd again, 
Btrolcbed ngam and vibrated a^in, aad bo tdl it Itnike. Tbe 
molts, M sTiowa in tho following table, were uioAt surprising: — 
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' Only forty viljratiLinB fnjin iniUal «rc of cmivenient aaiplitutle could 
Ik- 0»iini«4l, Hftil hcL-n strvUihu'I pitnuidemWy Kiifiirw th:^ «xp«rJmi'Dt 

' '^•> viMMua ttutt only twenty TibrAtiotu ooulU lia counbeil. Broke in 
i'tre.i'liiiijf, 

* A piece uf Uiii fOTOediiHr Hlretolird 

* 1'ttt' prec(>ititiir oiaiIk re'1 lii't m a cmcihlo 6t!vl wilfa pnwdi;rod cliftr- 
<;• ai jii> 1 kUoiv'vI t<) COI.I slitwly, bocuue very lirittlc; u part uf it with 
•Ul)L:ultv MtVL-d fur tho (•xpsriuunt. 

'* Aii'iUicr pii-co cF the long (2435 oentimi.^ wire; DtretohMl by inc- 
ovMi': V rimple tract'imn. 

* A timir^uge L-uppcr wire, atret-h*;'! by Buccewiw tnwtJurHi. 

' 01(1 <~-op{i9r wire, noftviud Uy Iwiug lii:at«i<l tu mtnesH and plunged in 
mat r. A Irtigth of 290 oentituKruni fi-riiu this, mispuiulvd, litid elongated 
liy Kr-iyv-siire trnctiiins. 

* Aiuither length of 260 centims. out frim tlko tame and wiuilaHy 
tiaiu.l. 

" <>iie piece, Mioc£Miive1j eI«ngAted l>y ■tmplc tractloni) till it broko. 
•" Not xtretched yeifor a fica«id cxi»wimt:jit. 
* ^ Added May 27, afUir the rMjling of the |t»)wr. 

Thus it appe:irft ihat tliat B|»cific rigidity which is coucerned 
in torsion ia very iniirktidly ditniuinhed lu coppe/-, brass, and iron 
wire, whfu the wire if) t-huigatcd peruinucDtly by n simple longi- 
luiliiuil Imctiou. When I firvt observed indicatiotia of thta 
Tvaalt, I aoapected thnt the diminatioD in tho torsional rigidity 



ou tbo whole lengtli of the wire might be daa to inequalities in 
its normal section proiluoed by the Btretohiug. To test llus I cut 
the wire into several pieces alXer eocb setiea of experimenta, and 
weighcil the pieoes sepanitely. Tbe result proved tliat in no cim 
were there aoy ftuch inequatitien in the gauge of the wire in 
ililTerenb parta as could ^Mituibty account foi- Uie diniiDacton in 
the torHioual rigidity of the whole, which was thus proved to be 
due to a reHldiniinutiou in the sptwitic rigidity ol Ibe subsLaoce. 
The following seLti uf wvti;liiug!i, for the cnneu of the wires of 
the two laat eeries uf oxpcnmeuts on ooppeft tuny sutfioe for 
example: — 

IVir* e/ 303-8 cenlim», long, cut into /our ptfcen, 

Lnt^lb. Wriglit Wet^i per CrniUtoette 

Ctin t liitt^i nu, Onunm w . O nvm • uu . 

Xo, 1 ... loU'i ... 6'0:i8 

„ a ... 96-7 ... 3-050 

„ a ... 61*2 2-895 

„ 4 ... 61>'4 ... 3-143 



•Ol'JiM) 
-04573 
-()4533 
•U4517 



308-5 



U-U61 



TTi're of 301*9 wAm latt vibraud, fHrther danffottA hw about tigKt 
centiwutrti vim it broke; then <mt into fii/e piecu m all. 



68-3 
69-4 

86*5 
«9-8 
43-4 



3*183 
8-083 
3-030 
3*072 

1*980 



-04801 
-0404S 
■04,';7'» 
' 0(51)0 
'04579 



By several determiuatinna of ubservalioDS on the elongatiooa 
within the limitH of elasticity produoed by haogiug weights on 
long wires (about 80 feet) auspsnded in the college tower, it 
soemod that Young's modulus waa not nearly ao much (if at all 
sensibly) altered by the change of molecular condition so largely 
affecting the rigidi'N*, but this qnestioa requires further Lnvesti- 
gation. Th? amount of the Young's moduJua thus found was, in 
grammes weight pov miuire centimetre, 1159x ICi" for one copper 
wii-e.and 1103X10" for another which had been very dilTereutly 
treated. The highef-r. and lowest rigidities which I havefooud for 
copper (extracted fj-iu the preceding tahle) areas follow: — 

Highest rigidity, 173x10", being that of a wire which had 
been jioArnftI by heai'mg it to redness and plnnging it into water, 
and which wna foui d to be of density 891. Lowest rigidity 
393-4X10*, being that of a wire which had been rendered 
so brittle, hy heating* it to redness surmuQde<l by powdered char- 
coal iu a trnioible and lettiug it cool very slowly, that it could 
scarcely be touched without breaking it, and which had been 
found to be reduced in density by thin process to as low as ih-671 
The wires osed were all commercial speciroeiu — those of copper 
W'iug all, or nearly all, cut from hanks sapplied by the Outt* 
Percha Company, havlug been Kotectod as or high electric ^n- 
duclivity, and of good mechanical quality for submariue cables. 

It ought to be remarked tliat the cbiiDge of molecular condition 
prodiicwi by permanently atretcliing a wire or solid cyliiider of 
metal is certainly a change from a condition which, if origiuatly 
isotropic, becomes seoloiropic* as to some 
qnnlitiest.nnd that the changed conditions 
may lliercfitre be presumed to be nolo 
tropic Ik* to elasticity. If so, the rigiditii 
eorreapouding to the direct and diagotu 
dibtortiona (indicnte<l by No. I and No. 3 
in tho sketch) must in all probability be- 
come ditlerent from one atiuiher when a 
wii-e i« {leniiauently stretched, instead of 
being equal tu they must bewheu its sub- 
stance is isotropic. It becomes, therefore, 
a question of extreme interest to tind 
whether rigidity No. 2 is not increased by 
this process, which, as is proved hy the 
experiments above dencribed, dimiitiihes, 
to a verv remarkable degree, the rigidity 
No, I. 'rhe mf»8t obnoua experiment, anii 
indeed the only practicablo exjKiriinent, adapted to auRw, v ' i 
question, will refjuiru an accurate delermination of tho dilJ' 
produced in ilte volume of i* wli-e by applying and reii...- ^.^ 
lungitmlinal iniciion withiu its limits of elasticity.^ With thb . 
requisite appnratus a most importaat aad interesting invesli- 
gaUoo might thus be made. 



MT^ 



• A I'-rrn intiii.lQi4^il to dM)in)*ta > ruImUiicc shldb bu varleilM of pfa|N)*t]r lu 
nvnou^ Jinaiwi* ^.llivtuiuii mil liUl'» ■" NJilwiil rLllo«o[>bj,-' ft (il&. \ 

t ^Mt, (>■■' eminiilf, H [M|nr bj Ibn KUttMif. ' Uu £kciro4jtt>i»la Qlls h ltol el 
UeUU.'' PuUeau^blcml TnUi-uUoun, IBM. 
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E^" ON TORBITE (A NEW PREPARATION OF PEAT) 
f AND ITS USES.* 

I By D. K. Clark, C.E. 

^^ Thb writer hud ocauioo a abort time since to inspect profea- 
^^H tionallj the workt oatftblisbeU at Uorwich, in lAticoetiirc, to 
^^r mnniifaotare fuel and cliarconl from peat, aud was so Htnu-k with 
F all that cnme under his notice, aud itnpreiwed with the itu- 
QrlABM of the reanlti obtAined, that he feels that be cannot 
ring n more intereating subject before the meeting. The 
qaeetinn of the roannfacCure of peat into fuel Is in rvalitj a 

J[ueetiuti of aupplementing iha natami auppliea uf coal with a 
ael, which may be maile aaperinr to it iu every reapect, more 
abundant^ and more readily aooesaible. The oonsnmptinn of coal 
19 BO enormoas, and goes on aonnally increasing at aucn a rata that 
for aome time paat, serious apprehenaiona have been entertained 
that oar coal measure* will be exhausted at no very distant 
perioil. Our stock of ooa), excluding nil that lies at a greater 
depth than 4000 ft., has been estimated nt S3,/) 44,000,000 tons. 
In 1863 the conRumptlon re^-\clied t)6,:!00,000 toua, and the 
average race of increase for the last ten years has been two 
millions of tonn a year. Thus, suppofiing our stock to hare been 
correctly estimated, id less than 100 years oar enal will be ex- 
hausted. Fortunately, however, natnre has not left ns dependtmC 
On our coal meaHuret alune, but has also given us our boga. 

Peat, it ia well known, posseaaes mnuy moat vaUiable proper- 
ties aa a raw material for fuel, but the attempta hitherto made 
to utilise peat on a large acale have proved failures, owing to the 
difficulty of dealing with a auhfltatice exceedingly bulky, very 
looae, and holding from 75 to 85 per cent, of water. To separate 
the water and to oondettae and mould the peat into convenient 
■izes at a cost stitlieiendy low to render it oomiuercially available 
aa fnel, ia a problem which has baffled the effbrta of many 
operators. In most instances compreasloo has been applied, for 
the purpoaa of imparting the requisite degree of solidity, by 
neMis of p^erful lty>iraiilie pi-csaes or other machinery, in tlie 
prooe sw adopte<) by Messrs. Uwynne and Mr. C Hodgson, the 

K at is first dried and powdered, and then pressed into blocks; 
t Ibe action of cunipreasion Is purely naeohauical, and though 
it Imparta gient conipACtneas by bringing the p.irticlei! of the peat 
into cloee contigtiitVi it does not really solidify the aabstauee, 
ainoe, ou being oxpn6e<l to heat, it resumes its original form and 
crumbles to pieces. Fuel thus prepatinl is tnUilly incapable of 
reatating the action of a bloat or even of a moderate draft, and 
though Mr. Hodgson still cnrrjea on the manufacture of fuel by 
his process, the con«umptiou ts very limited. 

AcooHiiig to Mr. C^bbold'a ttxode of treatment the peat is 
immeraed iu water for the purpose of separaling the fibre from 
the more decomposctl matter, an<l the water is nficrwards got riil 
of either by nimple evapoiTttion or by means of centrifngnl )>owei ; 
bol tlmugh by Ihia meant a vury ilensc fuel is ohUtined, the 
wparAiiiiu uf the fibre deprives the fuel of coherency, besides 
which the process is laborious aud costly. Attempts have also 
beeu made ia In-l.-vtid to utittse peat by manufacturing it solely 
for the flake of its chemical prnducta. Many valuable products 
have iliu8 been obtained, from which even paraflin canales have 
been nind(>, but tla- n--^i fur exceeded the market value. 

But snch atteni),ia have not been altogether in vain, inaamuch 
as the experience thus gaineil in the treatment of peat has 
proved of great value. Vo know what will not do ia a great 
step towaiiU knowing what will do; and the more recent patents 
show, nhn<nit in the order nf their dates, the slow but steady 
progrcas that has been in.-idr, until one arrives at the syatcni of 
manufiaeture recently tniipected by the writer at Hnrwtch. Ac- 
oording to thin avsiem mechanicul compression in any raauner is 
aladiouuly avuidw.1, Wiu^ not only costly, but also inelTeclual. 
Advantage has, ou the ooatrar^, been taken of the uatuml 
property of peat, suitably prepared, of contracting as it parts 
with Its niolsture, and beooming perfectly solid aud oohesivt*. 
Tlie means of Af[)Arittiug the water suspended in the peat have, 
too, been cnrefully perfected. The ueeeaiiity of dealing with, aud 
getting rid of, such a targe propurtiou of water, baa been a 
standing ditliculty from the drst, and the canse of excessive ex- 
penditure. At iiorwich the problem baa been carefully studied, 
aud the difiiculties appear to have been successfully overcome. 
Until a mdda of artiticially drying peal rapidly and economically 
had been worked out, air drying was necessarily resorted to; an-1 

• ftMd bates Iks British AwctaUoo. 




where limitod quautitiaa of fnel — say about 100 tooa a year — 
only are required tu be made, air drviug may suffice, mit for 
large quantities it wonld be, in our fickle climate, too uncertain 
a prooesa to be dupeuded ou, aud for seven months in the year it 
would uut be available at all. 

Aooording to the system matured and established at Horwich 
the peat, as it comes from the hog, is thrown into a mill expreasly 
constructed, by which it is reducetl to a homogeneous t iilpy cou- 
sisteuey. The pulp is couveyed, by meau» of an endless hasd, 
to the moulding machine, in which, while it travels, it is formed 
into a slab and cut into blocks of any required size. The blocks 
are delivered by a self-acting process on n band, which conveys 
them into the drying chamber, through which they travel 
forwards and baukwanJs on a aeries of endless bands at a fixed 
rate of speed, exposed all the time to the action of a current of 
heated air. llie tntvelliug bauds are so arranged tlmt the Uocka 
of peat are delivered from one to the other cfiQsecu lively, aud are 
by the same movement luraed over iu order to expose fresh 
surfaces at regular inten'als to the action of the drj'ing curreDts, 
BO that they emerge from the chamber dry, hard, and denae 
To the peat substauce thus treated the name of "torbite" has 
been giveu, from the LAtin for6o, by which name peat is 
ooDstnulIy mentioned in ancient charters. 

The next stage in the process is the treatment of the torbite id 
close ovena, when it may either be couverted into charcoal for 
•meltiag purpoaes, or may be only partially charml, for nee aa 
fuel fur generating aleam, or in the puddling furnace. 

The whole of the Iiorwich aysu-m has been planned with a 
view to the utmost economy of time and labour. The raw pmt 
is nearly altogether automatically treated by steam power— in* 
troduced at one oml it issues from the other in the form of 
charcoal, within tweutv-foar hours after it is excavated from the 
bog, and the manual labour expeudeil is almost entirely limited 
to the first operation of digging, cxmsequently the actual outlay 
iu labour aud fuel tu the production of the charcoal does not 
exceed from 10«. to lit. per loo; but, in addition to the ooooomy 
thus effected by charring iu cloee ovens, a considerable quantity 
of valuable cheaiical products are yielded, as ammonia, aoelio 
acid, pyroxylic spirit, paratfin oils, the sate of whiuli aloue will 
neatly cuvrr the ex|>enaea of the whulo process. The fatty 
mailer separate<l by diaiillalion forms an excellent lubricating 
grenoe, the yield uf which averages about i per cent of the 
weight ufcharc'kal proiluct^d; in its crude state it has beeu sold 
for £12 per ton at Horwich. 

The charcoal made from torhite is extremely dense and pure; 
il« heating and resisting powers have been amply and severelr 
tested, aud with llio most satisfactory results. At the Hnrwicli 
wurks pig iron has l*c-en readily melted tu a cu{)ola. About 80 
tous of superior irou have beeu made with it in a small blast 
furnace measuring only fift. iu the b<.>BheB, aud about 20 fL high. 
The ore smelted wna |iartly red hematite aud partly Staffordshire, 
and the quantity nf charcoal CfiuauniPtl was 1 too 11 cwL to the 
ton of iron made, hut in a larger and better constructetl furaace 
amRiderably less charcoal will bo required. It liaa also been 
tried in imddling and air furnaces with equally gooil result*, 
oousiderauly impnjviag the quality of the iron melted. For 
this purpose the fuel was only partially charred, iu order not to 
deprive it of its flame, which is constderablr longer than that 
from ooal. Stime of the pig iron made at Uorwich was then 
coDverted into ban>, which wore afterwards bent completely 
double when cold, without exhibitiog a single flaw. Messrs. 
Brown and Lennox, iu te-sijng thia iron fur chain cablen, have 
raporied that iu strength was proved to be considerably above 
the average atrength of the Wat brands. 

Iu Germany |»eat mixeil with woo^l charcoal is very extensively 
UHed in the production of ir^iu, itio peat as prepared there not being 
sufficiently solid to do the work alone, but it is found that the 
greater the proportion of f>eat that can be used the belter is the 

Duality of the iron produced. The gas delivered from the high 
aroaces has also been saiiBfiictorily employed in the rvfiuing uf 
irou and the puddliog of steel. The value '>f peat iu tlie pi-oduc- 
tioti uf ir»u has long been eatablishetl. Iron metallurgists are 
agreed in the opiniou that iron so protlueed is uf very superior 
quality. Iu every stage of iron mauufiicture, and iu welding, 
peat charcoal la most valuable. At Mesara. Hick aud Sou's forge, 
m ItoFloM, a Urge mass of troo, about lOiuoiies square, was healed 
to a welding heat with peat charconl made at Horwich. The 
lime occupied was less than the operation wonld have taken 
with ooal; the whole mass was cqtuilly heated through, without 
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the allghteat trace of birniioc ou the otil«ii]e, and in hiunni(-rini; 
out, the luaAS im much viaa none with one heiaitig &« Drtlinurily 
i¥<]uireil two hmciiifl;^ to etTcct. The iuiportatico ut'uhtajniug nu 
abuiirlaiit supply nt. cheap rates of peat obarconl cuiuot, thei-o- 
for*, he loo highly (^tiinalpJ. 

For tho ^'«*D?r«tl«tti of st«KUi Uio fuel nia^ic At Ilorvit'h bis 
klso been vrvU tfjutctl, aui) itit Hiiperionty over c-\\ pi-.'^tiojilly 
tlemonstmtiid, l<nt!i in loeotnutive anJ statiaunrj' oiigimw. Ou 
the Ni-rtbtm Counties Knilwiiy of IrehiiiU it irAin wai rfriveu 
witli it from lielfust in Porlrush, a iliaUoc* v( seVenty niilps. 
Tlie rfeBuIt at tlio end of the jnnmey shnw-fi) n saviiij;, (im ivyanls 
wcigtit conaDmwl, of 2.1 to ;10 per cciiu over ilie nvcrago of ihrop 
monihs* working with conl on the saine joiinicy. Thcfe va% an 
extwra of steam thrnughnut th* run, tlioiigh tho tire-door wm 
CitiiMtniitly ofieti nud the damper down. At titiirtiiig tim prv^^ure 
WMti 1IH> lb., but during Lbu trip, and while a^fcendint; n ntfep 
iocliae, it rose to liu lb., nod adorwarda to t2U lb. with the fire- 
door open. While mnniug there was do nnoiie, and very liltje 
when standing atill. 

At the Lforwich works the fnel was teitrd Agaiiiat ooni under 
tlu' l>oiler there. This was done on Iwti coniecutive dayn, thvi 
lii-e hnving ou each occnsion beeit mked oat the nlc:ht previotni. 
The following reanltfl wei>> obtniued:— Cual gotupRteaoi t4) 1U Ih. 
QTMBttre in 2h. S^ui.^and to ^5 Ih. preeuurc in 'i lii>iin(; fient 
fnel got up flttwuii to lu lb. in 1 h. lUiu., iiud to S-O lb. in t h. 
Hi ni.; tl cwt. of coal ntuiutainod at«aiu at 30 lb. preesnre for 
!>{ hours; 11^ cwL of peat fuel niaiut.iiiied stcum at thu same 
pretiaure for 8 honni. But in adilitit^n t.» iliiR a Inr;^ oyitioniy ia 
etTccteil by Uio use of peat fuel for tho gcnomtion of fltcrini, in tho 
laving of boilers and tin: bftrs from the de<truction oaiiMcd by 
the sulphur in coal, from which pent is free. In Bavaria yK-at 
fubl haa liweu ubmI ou the railw^vs for »uvernl years past, and 
the oconoiuy eOected by it« use in the wear nud tear uf the en^iiuefi 
ii stAted by the ofiicinle in their reports to he very con»identble. 

The bog« ot Great Britain and Ireland cover on area excs?«d- 
ing five iuilliou>t of acre*(, the average depth of which tuny be 
tAkea At Hi) feet Nature haB thus suppliud oh with the nicnnM 
of adding to our stock of fuel some twenty thousand mtltious of 
tons. In Ireland about a million and a half nf acres have beeri 
thoronghly nurveyed. In the reports of thcae surveya it la 
stated tliat beDL'aUi tho peat an excetleut soil, well situated for 
drniuajfe, wait found, tit for arable or panture laud. When it in 
conaidered what peat is capable of doing, and nil the n>Hutis 
invulvetl in the i.[u<^stioD of utilUing peat, it is impossible not to 
feel improMfd with the couvictioii that, iu what has been acconi- 
pliahed at Itorivich, the foundation liaa been laid uf an under- 
taking of great nntioual imporlaneo and interest. 



THE FINE ARTS AKD THEIR CONNECTION WITH 

EDUCATION. 

By T. Hattsr Lewib.* 

Iv bogloning this oddreM. I feel it to be my dalv, and a most 
pleasing one, to refer to my pnrdfccanor, Mr. IJonatdaon. There 
are ft.'w aniDii^Bl ue in oar pi-vfeusioii who hnvc not experienced 
hifl kinduRSA; and I rejoice t4i know that it wn^ from no intirtnitj 
of body or iiiiiid. no wane of power, that lie reKiifoed the [>usilion 
to which I have tucceedod: nut that, iu full |ioiiD(>flaiuo of every 
faculty, he Idik dniHeu to give place to a younger man; and we 
may well look fVirwftnl, an far aa tine may venture so to do, to his 
eDJoymeut of a vigorous nud liononrcd old age. 

I have s*;lectCTi the subject nf the Fine Arts generally, not 
br^inae I arrogate to myself any spectnl knowh'dge of sculpture 
aud painting, but becainse I hold the only iirr>ftf»soi-9hip oninecled 
with the fine artfi which exists in any university iu the United 
Kingdom. Where anylliing akin to it Imfi bepu foundtnj — as^for 
eitaiople, iu King*s Colteije — it really takes no cogidsance of 
nrehiteolure iu anything ^youd e<m*iructinn; and the clever 
pr-ifcM'jr there, whose talentii could well adorn any one of th* 
aubjecta which 1 muat teach, ta limited to the range of mecliauicjil 
art and coustrnctive wcience. Your council has procured for this 
(wdiege the credit of being the only one iu which n kuowledge 
of any one, even of the fine arts, has been (.vmsidered as an essen- 
tial |inrt of a learned nud liberal cduL-atioii. [ think thai the 
time is nut far distant when such a fact as this will be looked 
upon aa singular enough, aud be recorded in the sjune way a« 
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that mentinnev) with ffnrprise by a well-ltnown Terman tj^vetlen 
who, describing one of our greai«^t niauufactoriug towns, and 
thiukiugof the numberless statues that used to ilecomie an ancient 
city, notioed it as bi» belief that it was tho only one iu the world, 
with 100,000 inhabitants, iu which there was but one public 
stAtue to the memory of the stAleaman or the soldier who luul 
deserved well of his oouutry, or tho citizen who had adorned hie 
town. The one college will, I think, meet with mouy an e<|ual 
in faturo times, as the ODo staiue iu that Uiwu already h:ia. But 
tlif-re is another reason for speaking of tho three fine art» 
together; tho feeling tlhit they ought to be cou»iderud in our 
minds ns being parts of one great whole, to be thought of and 
HfMikeu of in common — that the one without the nl^er is dia- 
jointed and frngmf^utary — that architecture without si::ulplur9 
and painting is like a strong- tiuibed tree throwing aruiutd iia 
sinewy arms without the delicately sculptuied foliiige to give it 
grace, or the beautifully coloured flower and leaf t<i give it life. 
Tlir arts are disaevered now, no doubt, in real practice; perhnpe 
stilt more so in the popular view of them. Butluok at the result: 
contrast the bald and lifeless workH of the laiti two ceiiturie* 
(wherein the sculptor and the m ti<4t sceiu to have bid fuivwuU lo 
the architei;t and the en^ncer) with the glories of ihe time pre- 
ceding — no niattor what — when ;u|. was vigonnis — in Italy antl 
Qreeoe, and, in our own laud, in Westminster aud Wells, Ciui* 
terbury and York. 

Walk roun(] any of those cathedmls, and tec if you can find a 
spandrel or a panel or a vacant spacu in which you seem to want 
the aculptnr'a art, and eee if it Xm \)vi there applied. Defuced and 
half destroyed as some of them are, enougb hatt tttitl Wen li-ft to 
ahow nawhat must have boon the full ulf<;ct wlieu their sculptnro 
was still perfect, and their iuoul<lings aiid oruumenta were glow- 
log with gold and colour. Study the remaius which the Cireeka 
have left us, and imagine, if yuu can, the Parthenon uiihoul the 
sculpture which clothed its form with life, and the painiing with 
which it glowed; or think of that »anje sculpture dissevered from 
the glorious frame which binds the whole togeth|r into one 
harmonious whole. They were not things to be rt^olvcd into th o 
different phases of framework and dec^mtiou, but each formed 
one esaential part of all, without which there coald be iio 
jierfect unity, without which each would be a lifeleas part, 
a portion only of a perfect whole. But go back to earlier 
times than ^veu Greece: study, as our mnsenras and libraries 
may well permit you, the reUca left to ns by the Assyrian and 
lilgyptinn, aud of their ixdaoes .'ktid temples. No gnmder outline 
ever perhaps wn.t left to ns than the riiaraobs have left on the 
bnnkt- uf the Nile; none more pirturt^ifiue than those which Sen- 
uaclicrihand his brother Assyrian kingH have iHKiuealhwl to us 
from the banks of the Enphi:iLies-, aud each one of the great 
eilitices has the faietury uf its founder, ita nation, its wars and 
comjuesta, it« kingly customs and domeetic life, sculptured ou 
evoryportal, colouredonevery wall. Dissever the three arts in lltesA 
oojoaaal works, and you would hnve robbed the buildings «f their 
history, and otmsigned the sculpture and the |Miiutiog U> obliviuii. 
But I will uke one other aud a last iltu«tr»tion>-] tliiuk a very 
apt ou»— the graceful architecture of the Saracens; one so light, 
80 elegant, ao redolent of the gt-aee and luxuriance ol the iSwt, 
and yel so bold, that uo artist conid seek a better Rubject for bia 
pencil, DO poet a mure graceful rendering of hia di'eom. Seek 
where you will, ron will not find a more life-like embnliraeut of 
all that is beautifully delicate to illustrate an Eastern tale. And 
these Saracens were limited, as we are not. in the designing and 
decoration of their works; on them their architect dared put the 
likeueaeof uo living thing. Tlio Ensteru workman, as he carved 
the glorioua buildings which the Arabs have left lo us in Kgi-pt 
nud Spain and India, dared grave upon it no flower or plant or 
animated form which might remind him of his native land; aud 
seldom, very seldom, do you find upon It one form, the Ukeneu 
of nnytliiug n|>ou the earth, which contravenes thp Prophet's 
order. A lorm of beauty was, with the Musaulnian, a tliiog 
to be fashioned nut^— oreatcd.as it were, in bis own mind, beyond 
the realm of nature; for the great source of weUnigb all that we 
tbiuk beautiful was with him a blank. Yet see how, with the 
inborn sense of the beautiful within him, he createtl forms 
unkiiown bi-fore, special to him nhrne, uml " with light by one 
eiitrauce ()uitc »liUL out," was able to lavish U[>«'n hia works the 
btwihU'i-iiig ioHM of f^iiilplnre and painting which ndrtius them, 
and which he bus worked into them, nut as a ilucomlion only, tP 
be put or withdrawn at pleasure, but as part of their very being, 
their life. Dissever from his works — from the works oC the 
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tjtolhio iircliil*ct5, llie Greek, Ihe Assyii/iti, niul Egyptian — fi-oin 
nay hut) wliude worku tmve beeu prpoerved to un aiitl an: wr>rtli 
pt-eserviiii; — tiilior of tlju ilirwe arts, .iimI you lewive in llifi» a 
^luost painfully ap|iaient \'ciil. N<»1 Oiat 1 seek lo orye the 
lcNulii)f;r of A work with crnfinienl: I kni)W too well that orita- 
nreul, nf whatever kinil, ni.iy be n<ltie«l to a aurfeit: but until tin.' 
tliite flinter-ttrla nro joinotj toj^elh^r more closely tlmn they are, 
Aini until unci) <>u« is vnluvil n^ ntiicli by the nsMiaUtnee H ^ives 
■tJie oilitra an by its nwn iolrinsio worth, we may oiiitet and 
AIiaII :iMiire^lly meet witli f\t)vuic»4if redundance and of poverty. 
Now Irtok at the bistory of tbe men to whom we owe tlio 
Wurks which 1 iiave described, and whose iiit*mnrips, U cvru 
their iiiuiie» h.-vvu pL-rii-bt'd, slmll live for :il[ time. We Ruiile nl 
i))e old nn'UT, wlicii lio tt>lla urt that the arctdtect diusL be at 
inoe skilled ui liicmlurf', erudite in geomelry, fimillar with 
istory of nil periods and cnimlries, acqnninted with pIiilo*.'i>by, 
lasic, I&w, the lutpecLs of the htiiveua, and the iuflueiice (it 
Knaous and climate. But trace tho actual li\'eH of ninny of the 
len to whom we owo chief art-works, and you will find Ids 
_rcam has welhdgU been realieod. We scarcely rvidise it nur- 
irlvea. How luauy of tis are there who, jUudiiig euiriiti'-ed 
hi^fure ihe Itcauties which Da Vinci has irace*i upon tite cjinvus 
and the wall, pause lo rcmeoibcr him as the sculptor, the archi- 
tect, the engiueer of hia age, nnci the first geolugiHt on n'o«'rd '. 
How many who pace the LojrRie at Florence, or gtize upon 
iiJ4 richly-ciilnnred cathedra! walU, Think of Ariiolfo, sculjiinr as 
well as architect; or of Orc^gnn, the painter, poet, and sculptor, 
who chiselled with hia own liands the sculptures upon the tdilices 
lip designed ! Do yon wonder at the marvels which we owe to 
Giotto's (wncil T Think of that glorious campanile wbioli we 
owe to htm aa architect. Do you tread at Pisa with rc-viM-enliHl 
feeling the sacred field of the dead T Remember ilmt it wna 
Cliwvanni the sculptor who designed it. Look at the gb>rions 
.outline of our Si. I^nnl's, never, la my mind surpnsjjed, and recall 
"Po your mind that its architect was at the same lime Ihif t'n'*i 
geometrician and astronomer of his age. And when vou think 
of Ihe beavcuihlie beauties which HatTacIle drew— of ilie ]in'plifia 
and the sibyls which awe us still in the Sisliuo cli!i|<el of Bnnn- 
nrolli. of the unearthly graiulenr of his statues which adorn the 
churches of Kloreucu and of Kome — remember thit lliey c-ime 
from the same hands whicli designed many a palace there, and 
lo whom we owe the grandly towering dome of St. Peter's and 
the Bplendid facade of the Farnese. Now, in considering the 
works r( llicsc grciit men, we ninat remember that thi-y nic the 
chief outward viaible embodimeut of their country's glory and 
power and skill. True it is that the historian will, in the glow- 
ing p:ij,'>is of his bock, coiuroil to imtuurt^-dity the stirring deeilt, 
tlie con<]uests in the mor'al and the material world, winch nd<irn 
the history of his nation, more vividly aud more truly, with as 
great pttwer and skill, ns the artist will iu depicting t'hem ujw^u 
the cnuv;is. The pnct nnd mnrlciin will sing them iu nitdflies 
whicli (•h:dl raisp the thoughts beyond the ibJiigs of earth, nnd 
for the liiue inuiBport us lo lhe»iuter world; and the pldli-aophiT, 
with far roscftrcU and deepest thought, will pcnotmie into the 
outer anil inner world of nature, and bring fortli their secrets for 
thiT UBO of man. And all these men shall help to immrirUilise 
the nations of whom they fonn the chiure»t oruamenl, uthI shall 
themselves be honoured' through all time. But the aciuid 
viaible marks of their country's greatness are tlie moniimenis 
which the ari^hitecl, and the sinilptor, nnd the painter hme Icfi 
Upon her soil. The stranger from a far Und will walk the wislcs 
of Lincoln and of Westminster, and Ke in their wondrous beauty 
the realised embodiment of the nation's skill, though he be 

ronuiiof the histories, usy, of the very names, of the dlustiioun 
d whose mobumeuts perchance ornnutent or dit^figurc iis 
walls, and u hose memories cast a lialo around them in the eyes 
f Uiow wfth whom their names have be«n houschcld words. 

And you wi.i pace the grand cathedrals of Sfrrisburg and SL 
Kfare^ aiiil be hushed into gptieralawe at tbfir beauty aud their 
grandeur; xiud, Vrotcatantt as you are, almost bow down and 
wo^^hlp us yon hear the snlemn strains which speak tons iu 
liarmony with all around, and seoro to brcalhe tlie very Stiut of 
AlU'ghri or Mozart. Yon for^gpt the grwii ouch nf Prarioe ami 
Italy, and think only of the works which the architect, and the 
sculptor, «nd the artist have raised andu'lomed. Not that t)io 
G«me of historian, or poet, or philosopher is by comiMnson 
diminished. Their works are before your t-yes, their words 
graven Uf>on yuur minds and litsUnglv present with you; whilst 
the etfeet of a work of art la soon aimlnJRhed— <>ften, perhajw, 



lost, but whilst |jrescnt it is to you the outward symbol rf a 
nation. 

And in every time sinne deUuled records of it have existed, 
llii^c great works of art h;ivo Iwen more than tha vitdble signs of 
the presence of great, exeeplionAlIy great minds. They hiiva 
been, too, the sign of progress in intellectual power and skill of 
the general UkIv of the nation, of whose advance the illustrirns 
men o( whom I xfR'ak are the m6i*e striking re pn'stnta lives, The 
]iidace or caihedml is n'>ta mere exceptional work, to be studied 
and admired as tomethiug ([uite beyond the ordinary verge of art, 
but as the mere culminating point of it; not a mere isolateu 
peak standing ns a landmark for all lime, and utterly disengaged 
fnun anytliiug arouDfl, but ns the Hummit-point of tlie mimU aud 
works of a jieoplo with whom art was ever pmscnt, and nmnngat 
whom the appreciation of fona and iletail was innate, — who had 
heen so used to see the beautifid or severely true before them in 
every stage of ordinary Hfi-, no matter how trivial, h^' .- •miuou, 
that thi-y had been self-trained, unknowingly tin :. nnd 
educated tounderatjuid and appreciate, aud practise ii. 

U is from the general training and education of a )<• , :o that 
must uhimately come those greater efforts of the mmd wbicU 
some Wotild seem lo think may rise spontaneously from the barren 
soil of ignontnce iu art. Think if il ever did so. I^ook at the 
objects now pnthered into our museums as things for as lo value 
aud study, clasiteil now as works of art, beauuful alike in form 
and detail. 

Why, one half of them were the mere honsehold goods of the 
Poman and the Greek, — the ordinary accompaniments of Uie 
Medirevid convent or church. You stop at a lovely bnmze, a 
ilelicatelv-moulded piece of earthenware, nnd a delicately-tinted 
page, and you liud liiat it was ii Irimp thut lighted their chamber, 
— the fntrae of one of their liltlu mirrors, — the missal which 
they Used at prayer. You will jwss — the most skilful of us will 
pass — many ati hour before we design anything more graceftd, 
vet more useful aud inorf true withal, than the common houDfl- 
liold pottery of the Itonians, — their wine vessels, the very spouta 
which took the water fn^ni their roufs, the utensils of the kitchen, 
the 1,'idles, and the grt-at bronze cauldruns which they used thvre. 
And think of tlie skill which the common blacksmith of oui- 
country showed in the commonest things of use, — the handle of 
a key, the hinge of a door, the cover of a book. 

All these things, though looked upon (as fndeed they are) ns 
nrt-pelics now, were not made up for us to see, as sometliing 
special to be put aside as things for study. I doubt if the moht 
advancLii of |{omaus over dtvametl that the things his scrv.tnts 
used, — the lamp that lighted his chamber, his ladles and his 
cauldrons, would be considered of so great value as to form the 
orn»ineiitM of a niuseuai. And little did tho village blackMuiilh 
think, as ho forged the massive hingo or chased the delicate little 
key, that it would be covered up in after-times In a class ca*e, as 
a thing to be admired, and considered, and talked anout as one 
that we would equal if we could. And even less, perhaft«>. did 
he imagine that, in a few centuries only, and in his own laud, 
the veiy tra-lilions of his work would bo bo lost, thot the fabric 
of the metal, the design in which he worked it, and the ntethoil 
of its working, would all he studied as something tf> be learned. 

And yet it in so. Fuw there are, com)Mratively, of those who 
Visit our gidleries and museume, and admire (^sometimes nui ihalj 
(he mass of artistic wealth they i«^e there, who realise toihera* 
H[>lveK the truth thai it is, in the main, a collection of common 
things, — of household goLids,— as much the things of onlinary life 
08 the wiltow-pntlem plate or the ihreade^l fork with us. 

Will it bo the same with us / Will the onliimry tittiu^ of 
our households be raiige^i as things of Iteauly in Ih- i 
which our ileticendants will form ' Will the New / 
Mncaulay place our works by the side of those of the K n.in :.i.<j 
ifae Goth, as food for study and iustmcUon 1 1 fear not. Fusv, 
I think, will say they will. Many, perhaps, will scarcely ihjnk 
it of any conse<]ueiJce whether wh»L we do ix worthy uf being 
preservKil or not. Hut, believe me, if art be not m) commonly 
difflised nmoDgst ub — if it be not so for appreciated— so ntad'o 
jMirt of the mind of our fw-uple that its pn?st'uue maybe ninde 
visible to iheni in the moat common things of life as well as. in 
iu nu«l rvHned, if they bo not in fact so educated by the con- 
stant presence of art to grace of outline and harmooy of colour, 
as to have au alnioat intuitive perception of what is good and 
beautiful and true in outwnrd things, we nhall nevar attain t-i 
that excellence in minor things, nor Iw able to develope thow 
iutathvwe higher ooes which we admire, and envy, and vonder at 
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In thOM Umw wboreof 1 have spoken, art wu in fact everywhere 
— with the lowly workmen as with the wenlihy world who 
employed him. You caiiDut investigate the history of any period 
uf ancient or Mediaeval art without discovering that not only the 
master who designed the work had a full nppi-eciation of the 
beautifal or quaint, but that the man who carried nut iltt delaila 
— who worked iU niouMiiiei^ carved its acnlpturo, and tinted it 
with colour and with gnld, waa in himself, in his own lnimble 
wiy, an artist, appreciatiDg the heanty of the whole and the 
valne of his own pnrt in it, and nhowing by some little vnriation 
of deaigu, aorae turn of a leaf, Bome fre« muvement in the foliage, 
that he acted in the doing of it from his own resources, and that 
the work was stamped with bis own feeh'ng as being in some 
sort his own, and not the mere literal rendering of another man's 
ideas. And this iudejiendent feelioKi which made him trust in 
some sort to himself, cave a life andTre«h&ess to it which a mere 
copy never could. No mere copyist, too, could ever much love 
his work; and if ho do not, there is little chance of his doing 
much that is worth the loving. 

Now, wich our musenms and art-schools, and still more by the 
general interest which has of Inte years been taken in all thai 
relntcs to art, we have no doubt^ done much. But try now, in 
anything beymd the commonest range of the Kquare and rnte 
(and HO fur, no iluubt, our workmen eould suircoly ho e.xoe1le>)}, 
and leave them to carve the atone or to forge tlie iron into forms 
of quaintness or of graoe, or to give the silver or the gold a 
beauty such as was found with it when the quaint old goldsmiths 
UMid to work it, and (with exceptions happily more common now 
than they were wont to be) oue quickly finds that they are 
altoguiher lost, and that the stone nnd metal are taking forms 
which, althotigh quite their own, have soaroely the reconmimeu- 
dation of quaintuesf) or of beauty. 

Uui worse than that, I fear, I much fear that the workmao's 
skill, bu he skilled over so much, would scarcely be so appre- 
ciated hy the cencml world as to allow him much reward. Vet 
there it) hope for the future. There ia no want of interest in it 
in any of its phuscs — no want of admiiation of the great works 
which adorn our owu and foreign lands. But admiration is not 
kuowlwlge — sometimes, we wvll know, quite uUierwiae; the sub- 
ject of it is oftentinies an unworthy one, and the danger is that 
the two may be ntista'<en for the same thing,- — that the pleasure 
which all must feel in looking at a work of art may be judged to 
be the result of an innate power of appreciating it — a power 
wliich woul<l make a special study for obtaining it quite useless. 
As if the admiration with which we hear the eloquence of au 
advocate couM fit us for tho practice of the law, — as if wonder at 
the skill by which there is btult up, from a few dried and broken 
and discoloured bones, the whole body of the extinct dunizen of a 
former world, could give to ua the art of the anatomist. And of 
all ignorance none cnn be so great, so helpless, as that of one 
who, knowing little or nothing of a imbject, is thoroughly well 
aaiialied tlini he knows it well. Vnur eye may, indeed, by habit 
or a^suciation, be brought to such a stale of perfectnesa as that 
the good and the faiid may be discerned by it wilfanut a special 
study. But then, that case is the very one I put before, viz. — 
that of a constant presence of and aseociailon with correct and 
harmonious forms ami colouring, giving of themselves h constant 
Ies4on of the beautiful; and we are very fur from having arrived 
At that state yet. 

Bely upon it, art has a ^.inunar to he lennit as much as 
language has. A cerUiiii amoiiut of Atudy — I might almost say 
of drudgery<^has to be goue through, before the uuderstandiug 
(set aside the practice) of an art can be mastered. 

It in, I think, soircely necessary for me to plead on behalf of 
art and of its lUffusiun. I know that it may be said, and it is 
indeed a matter of some wonder, that the kuowled^ of the 
beautiful is most conspicuous in the nations of the East, 
enorvnled, treachcrouH, and fierce. But all their art came to 
them trndiiiooally with their hluud. You see in them the relics 
oniy of the skill and taxte which made the capital of the Persian 
kings tho great store-hive of all wbich was mo«it beautiful and 
grand in art. It ia passing away now, as their power has passed; 
and many a lovely work, wliicli, but s few yeru-Jt since, would 
hsvc been oue of men: i-outine, eould sairct-dy now be dune at all. 
It was not their artistic knowledge which bas debased them; 
they have been debased in spite of it, nud in their debasemeut 
aie gradually Insiug it. But I have beard it said that tho full 
appreciation of the beautiful Is a gift reserved for the nations of 
the South and East — India and Persia, Italy and Greece; that 



(irt hero can never have a genial ijrowth; that we may perhapc 
improve in it, but never excel. Never excel! Can we North- 
men forget Westminster, and Wells, and Lincoln ? Why, wht^n 
Giovanni was sculptnring his Pisa pulpit (a world-famed work), 
the niches at Weils were being tilled; and, all Clatwie as he was, 
Flaxman admitted that, thoxigh the sculpture is roJe anil severe, 
it has a lieautiful niuiplicity and grace;, often excelling the pro- 
ductions of modem times. True, the nsnie of their sculptor ia 
lost. So is the name of many auother artist of Medisval timeiL 
who worked in his cloistered cell, and of whose memory and 
reoord nothing survives. Truly illustrious instances of Dtl«r 
self-negation. But that they were Northei-n if not English men, 
there is no dunbt. 1 know that William of Sens hemn the 
glorious choir of C^terbury, but I know that English William 
finished it And, tn come down to later times. Wren was do less 
English when he designed the spires (his own creation they ar-e) 
which ao adoru our cit^, because he went for the details to the 
same source as the Italians did. 

But it bas been said, too, that opinions are so different in ques- 
tions of the arts; — there are so many schooI&,and each with such 
ardent advocates, that nothing can be taken as truly oerUiu; and 
to understand them even, would seem to be atteutf^ting a hopeless 
task. Now, do you find agreement in theology, in medicine, in 
music, in noylhiug, in fact, worth fighting for? But in every 
case there is a certain groundwork, a solid stand-place from 
which all ditpulants take their start, and it is only when that is 
quitted and we enter into the more subtle details that we begin 
to differ. And it is that groundwork only that I want taught 
Some will Eiop there. Others, more captivated, will be led by 
study or association to follow art in her various paths, each in 
his own. But in any case, the means hy which he reached the 
standing-placH will have brought with them some better appre- 
ciation of the l>eautiful tlian be had before, and, rest where he 
will, will not bf- altogether lost. 

To descend to details. I fully believe that, in order to be able 
thoroughly to :ippreciate the beautiful in form, one must as a 
general rule be a iile to draw it Some minds of courm, may, hy an 
otherwise cultivated taste, have arrived at a high staudurd of it; 
but this is rarely found. Be this, however, as it may, no one 
who has been w<.ll accustomed to mark with his own hand the 
graceful flow or contrasted curve of a line, oould fail to see the 
want of grace in an object that he was making, or that he was 
about to buy. Get so far ss this on the one side with the 
mechanic, on the other side with his patrons, and we have got a 
very long way on indeed. 

l' believe that if in the schools of our little villages, as well as 
those of our great towns, each youth were taught U> know, by 
drawing it with his own hand, what is gmcefuT in form; if he 
were taught to draw, with the special object cf showing him that 
one outline is beautiful and another is not; if he were shown, 
with the things befure him and his own hand to mark it, the 
beauty of the common things he see«aboul him — tlie curve of the 
ear of corn as it bends gracefully on its Btalk, the veins nf the wavy 
leaf, the <iflicate dnniping of the willow bough, the contrasted 
curve of ths cheenui or the rak— we should in a short time have 
affected a mighty chauge. I do not say yuo would have taught 
these things to all: not n twentieth part, i^erhape, of those who 
at first learnt would very much appreciate them. You cannot 
make clever scholars in anything, no matter what, if there bo not 
the wiah to learn, or tlie special genius to apply. But yon would 
have given all a ohauce, and many a time ilevclopcd a latent 
power olherwise luat. And many a clever mechanic, who now 
d<t«?8 so eKCflleiitly wbII exactly what he is told to do, and no 
more, would have a chance of beiug able to work up a ibiua in 
whose designing he h^is hiui some hand. And those of the raukf 
above, wlitwe knuwlwdge and requirements cause them to be, to a 
great extf ut, the arbiters in things of taste,— of how much value 
would their knowledge be had it been directe<l specially to the 
heantifnl in form, in plate of the poor amventiooalitica now 
taught 1 A tree is a thing one is Uught to draw, because to 
c^py it is dilHcuIt. I have seldom beam of its cbcqusred and 
rugged bark, the massive sweep of its bonghs, or the detioate 
curve of its leaves and tendrila, beiug marked out as things o( 
lieauty, .nud specially to be drawn as such. And if not put upon 
this path, your drawings will scarcely bo of much use, so fiir as 
my object goes. I thiuk that I can see some change that way; 
but it is not easy in any flobjecl to make a likely ^ess, when the 
time is very limited. To use a simile not my own, wo are there 
aa oue looking at the tide on the sands, and watching the onqaiet 
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Sometimei a grant wave vill overleap the reet, and diwli np 
to ytiur very fe«t, nod you vill tliiuk the fireal sea is 
coming; in. Aud tben will conio many another, smaller trnd more 
gentle tlmn the KihI, and ymi will ihitik ihst ih« sea is surely 
lulling hack. So it i« with art. &onirtimt;a a greot work is 
done, nml we thiuk thut the man who did tt ia a foreriitioer nnly 
of many another, and thnt we are to see the olden limoM agaiii. 
Aud then there comee a dearth in art, and all looka blank. But 
I ho|w now fur the best. 

I wish now, in a few words, to point out to yon, my hearers, 
whose training and edncation have bcun of ihe higher clasK, the 
attrmctlons whioli the arts will offer; how fascinating to your- 
selves, how useful to others may their study he in ways quite 
dilTereot fr<>m those io which tliey usuidly are studied. No one 
hei-e but knows that it is within a few years only that new chap- 
ter* have been added to our history by the uolooked-fur d:8Coveriea 
of Lftrard in As^ria. Much the aniue has been done ia E>rypt. 
And now has this htm tloiict The page of history was silent. 
Evory line which Herodotus is said lo liave written ou Assyria 
baa been lost. Of the earlier times of Egypt all that we know 
wellnigh is from the lisit of king;* — a hare barren li^t, understood 
by none, altogether dittbelievml by many. There is enough, just 
enough, in Holy Writ to excite our curiosity and Wrtmhr, bat 
nothiug more; and the grave nppenre^l tn have closed for ever 
over the records of tho«e mighty kingdoms, whose grnudeur 
would seem to have surpaMed all that the world has witnessed 
since. We know it now. We have seen thp great cities of 
Assyria disintt-rred, and on the wjilU of her ]>aUce« and temples, 
we find graven the sculptures which the Jewish prophets saw 
when Nineveh was the capital of the great Assyrian King, and 
iu this acniplure we read her historj-. . 

Strike from the list of things that are what men call ornament. 
Strike out from the cities of the nntinns the works of the sisT^r- 
arts, and those bright pages of long-lost history would have been 
lost Rlill — utterly, irrevociibiy lout. But there is more even than 
this. We all know, aa hcusenold words, how Home and Carthage, 
Athens aud Thebes, were founded, aud in the simple atones 
willingly forgot or soberly disbelieve the facta whereby the 
historians of our dsy have shown them to be well-nigh myths. 
But they show no more. Our old belief has beeo destroyed, bnt 
we get no certJiin other in its pince. Go back some four or five 
centuries only before the time of Philip the MacedoniiiQ king (a 
apace no greater than from our time bactc to our second Richard), 
and tha gnldeii of our written history disap{>ear, and their ae- 
oounta are toet in thn dark an^] gloomy fable. 

How shall we recover the lost cb'aptera of onr early race, 
peoples of whom the Bible gives us but uncertain gtimpsea, of 
whom the fnther of hisiiiry stwakn only with dark and doubtful 
wordaT Who ahnll tell us the dccils of, and what our nations 
owe to, that myaterious race who has left upon our country and 
every other in Europe, and in Africa, and in all Asia between us 
and India, those stupendous works which, in our utter ignorance 
of their authors, we call Celtic, or Druidical, or Pelasgic i How 
shall we find the solving of that riddle of the Western world — 
the sudden coming of a Northern race, whose Bnce.«tora and 
whose native country are alike unknown, and intrmludng or 
Working out in a few years a state of civiliz;iiion in Mexico and 
Vvm, which was as much the aatooiahmeut of its first dincovetPrs 
as it is now 1 Or how recover the annuls of that people, one of 
the mightiest that ever overrau the earth, who, Lycifin, Etrnscan, 
(ireek, whoever they may hav« been, seem to h.ive formed the 

froDndwork of all that was grand in the na'ionn of Cirucc4> and 
■onae ? Not iu the pages of history will they be found. TIiomc 
pages have all been scattered to the elements thousands of years 
iMck; aud if over their auaal* are recovere-1, it will be by the 
recorda of the arts, aa it has been with Asayria and with Eivpt. 
And not only will this t« from the characters on the walls — 
the Greek-like writing of Etruria, the Hunicliues o( the Druids. 
There is not an ornauient, a moulding, a change of sl\1u iu the 
sculpture or the painting, that will not come to the aid of tlie 
careful student. It will hel]) to tell him what the race wliose 
history he investigates has borrowed from the other known 
nations around; how it has improved, or how deteriorated. 
For, Btrange as it may seem, the history of the races of mankind 
may liC studied, and to son>e puqiofle atU'^lied in a hold general 
way, by the traeea which they have left in their architecture, 
their sculpture, their paiutinf;: aud as the e.irth can be boldly 
marked into defioile (racla oi strata by Ihi fiwaila they contain, 
so these fossilised artistic works of man will tell as trnlv of the 



extinct race who reared them. And the change of theae wcea 
as one «wopt over a country and dispos^sned another, will be as 
plainly shown hy the worsa they have left hfliiud, as change 
from one fowiil to another shows that we have passed from the 
strata of the ailures to those of the onliu-s. We have uo scale 
of time aa yet in cither case, but we havt a scale of Bucoessiou; 
and the help which that gives us is immense. 

Aud thus it is that though the slate of art In the early ages 
of the earth may at first sight seem scarce worth notice now, you 
will find iia study of a deepening intereat, aUlmiigh the n.ime 
and memory of the earliest of the nations may for many a century 
have paaseo away. It is the .wme with art of latpr date. You 
can tell in a Gothic building the nation by whose artistic in- 
fluence the mouldings were shnped, the sculpture cut Yon can 
tell within a few years the time at which each part waa done; 
and there is as much difference in the e&j<>ynient of the beautie* 
of a great cathedral or a village church by those who understand 
these ihiugnanrl th<we who do not, as there is between tht- fei-liDga 
of a botanist or geologiat and of one ignorant of their aria, aa 
they look 'at the splendours of a botanic garden or the finest 
series of strata or of foMiU. 

But other (Questions atill suggest themselves in studying the 
higher branches of the Fine Arts. One cannot carefully consider 
the details of the works to which 1 have alluded in Egypt and 
Assyija without being strack by the discovery that the earliest 
works of art are in many a case the beet; that some InxurionsncH 
of detail aud many a grace, perhaps, were afterwants added; but 
that a force and energy were aliowu io the earliest works never 
exceeded iu the latest. Now see what n new world this opeui* 
out to UB. At Ihe time when the pntrian.'h Abrnhain and lin 
lril)4? were waiwleriug Klipplienls, not onlv did there exist iu i!ie 
plniriA of the Tigrl.'; and KuphratC'S a civifizMtion and advance iu 
art which move our wonder now, but that at that early time art 
had advanced to almost the utnmst limit to wbi'*h the great 
Assyrinn monarchy ever carried it. What thought does that not 
give us of a distant world, far reaching beyond the narrow 
boundary filed by onr present knowledge, and how does Ihiit 
bi^uiidaiy which once appeared its utmost limit seem bot u 
barrier hiding ihe limes Iwyoud ! 

Whence came this civiliHntion and tlicse arts? From sonii* 
great and earlier uatlou still, the memory whereof has perishcfl J 
Or was the Asayrinn or the Egyptian itself the great priniievid 
rncel And did the art of those farly times comograilually and 
)>ainfully into being; or did it spring, as 1 believe it did, an<l :ts 
the legends of the Vvroeks would have it, in its full strength, all 
anntHi, as MiuervR sprang direct from the god, — as little a 
crention of niao^s as language is t 

Have we ever had, in any case, in any ttnie, a clear authentic 
record of an advance in art and civilisation from the lowest pttiut 
to the highest? Is it cot, rather, the result of all experience, 
that when a nation's art or industr}* has suffered change, it lias 
oome, not from the unassisted mind of the nation itself, bnt fi-i>m 
some altogether difi'ei*ent infiueuce of another race, conquering 
or civilisiujf as the ease might be, and bringing with tbeni 
their own peculiar style of art lo mix with or supersede the 
other? 

We know no mora of architecture In it« begiDDing than we 
know of the oriffin of language; nor of any of the Higher brancheii 
of intellpctuni kuowle.!ge, which seem to have been favoureil 
gifts from a higher Power than ours to some favoured nations. 
But we do know that, so fitr from art having grndaslly rmerf ed, 
aa a matter of ordinary progress, fr'^m the uecvsaiiies of mankind^ 
it is quite certain that it never has appeared at any time, except 
amoiigitt those nations who have derived it direct from the 
banks of the Nile, the Euphrates, or the Ganges; and that these 
three came from the same soihce can scarcely be deuietl. 

Wherever insulated from contact with these favoured nations, 
no jHiwer of mind or b^dy has been able to raise np to a state 
very much beyond the aavare sny other race whatever. One 
exception may be cited, viz., the civilisation of Mexico and Peru. 
But we are utterly ignorant of the couqneriog or civilising race* 
there, and the whole ia at present, an utter enigma. The nrt« 
rose, too, where they did rise, to perfection, not hy a steady 
gradual progress, but by a series of waves, as it were — suddi-nly 
Tiain^ to the summit', slowly curling over, and then, first 
hurnedly and then with more gradual course, sweeping over Oie 
sands of time: sometimes to be there slti>^etlier Ui«t, and sorae- 
timea to be urged on again by some new force; but never from 
the same direction. 



I 
I 



83 



350' 



I'HE CIVIL ENGINEER AND AECHITECT'S JOTBNAI. 



Kor, t,j 



Tho story of the arts hna «ver bpen llint of & nation's power 
and of all civiIiaitioD, siuco reconltt Imvc existed; and a moro 
fftscioAtitig study — '-'iie tlmt wuuld lend ;ou to higher thoDghta — 
I do uot IwUcTe exist*. 

And now n f^w words to those who are about to make my 
professioD a uLudj. 

The coarse mnrktHl out for thorn in a wido ooe—the history of 
itie art of al( iialioDs; nod truly it forms so ctenrly connected a 
series, thnl ii 1.4 hnnl to say where one can Atop vrJth auy definite 
mark. But I wiitli thifi all to Iw studied as a Itistory oiilyj to be 
thought of ^U8t so much as, and do inure than, id an architec- 
tural practice, the laws and usages recorded iu history affect us 
now at our prcsi-nt time. 

And above all, do not imagine that because you have so studied 
you can at your pleasure take np their several styles, nud piiii> 
lUe ibem, and make them your owu. Vou may indeed be euUe<t 
n)>oa to do so, as we all are at aonie time or other; but do not 
suppose tliat this is a matter of indiflurence, and that you can 
M'ork in yonr own practice upon many elylea with a chance of 
success. Depend upon it, it U hard enough, aa you will find, to 
excel in one only. 

Now, when we are wandering in ao ninny ways, and bo much 
doubt is felt aj* to which is tho right, it would MMrcely be riKht 
f'<r uie to indinite thu t>ath; but what I wish 10 itupres-i 4i|>'>u 
you is, that you should mai-k out for yourselves one cU'iir, ilifttiuct, 
deflnito course of study in archilecturo and all that relates to it, 
and keep that one prominent iu alt you do. Do, as all mubt d<> 
in other things who hope for excellence in them: fix your mind 
steadily upon one, and follow it tu the utmost. 

One word more, and I have done. Your course of study will 
einbrnee more than the mere history of an art It will take iu» 
too, its ordinary pntctic« and all those several branches of know- 
ledge connected with it. It is only tn a general way that 1 can 
tmch them, for time will allow no more; but I would urge most 
enrnostly uuod you that you sntisfy yourselves as you go on that 
you have Klitaintjd a solid groundwork in them; th.it yon have 
clearly and disliuctly uiider»too<l the general lawn of encb. If 
not, Consult the various nuUiurities wliotu I nh.i!! imlicnto uutil 
you do so. Leave details if need be, for future ntndy, as time or 
occasion may suggest. There b a vast differenci; lictween raising 
for yourselves an edifice complete ill look but frni^iie iu reality, 
and laying the foundation of a solid one, to he fiuisJied hereafter, 
thorongbly well, at your leisure. 

And Iu conclude, speaking to those who have the battle of life 
to fight, and thoir own way perhaps to work unaided upward in 
a world where chance and talent go for much, but stondy ouler- 
pri^e for more, T would sny, in the woi-ds of that Knok which wo 
all loarn when young, but value perhaps at i's full w^rtli only lo 
our riper yeai-s, " Whatsoever thy hand GudetU to do, tlo it with 
thy might." 



EXTRACTING GOLD PROM AURIFEROUS ORES.* 

By n. Jacksos and W. A. Orr. 

.4)fON09T the ditfer«nt improvements lately adopted for tho 
extraction of gold from auriferous ores, the process of Prof. 
Phtttuer, of Freiberg (Saxouy), Liccupies tho finit rauge, as well 
f-ir its ingenuily as for the oilvantagea to bo derived from the 
sauie. In this cunntiy, on the oontmry. the quick-Hilver or uinid- 
^jimatiou process is Hluiost univentally nrnttiaed, slid e^ich 
imfirovement which possibly oould be mHile hits been sdojited, so 
that it may be naiii the process of amalgamation has srrived at a 
p'>iut where still better results cannot lie expected. Though well 
known and extensivfly pnictised for many years, nevertheless it 
is not free from considerabta dafefts, which, in relation to 
eooiiomy, never will be obviate<l. This is a factgenerslly Hckiiow- 
It>«lged, and the process of ftmidgamation would have bt'en nl>un- 

dnneil if there should exist a more practical anr) improved i le 

of extrac'.iag gold. The said process of amalgamnlion canuut he 
applied advautngeoujdy to the treatment of poor ores, oij account 
of the great division or distribauon of the gold, thus causing an 
im)wrfeQt contact with the quicksilver, and consequeutly an im- 
perfect anmlganiation. Numerous trials and experiments have 
proved tho impuawihility of avoiding these dofects, even if tho 
operations of the amalgamatioa are oouducted with the most 
■crapulous care. 

■ FrtMD tli« Jflonal of tlw risaklis IwtiUtr. 



For these reasons Prof. Plattner, oneof our most ingenious ma- 
talturgists, suggested the extraction of gold by means of chlnrioe, 
which has been introduced at Rciclioostein (FmsaiaD Silesia), 
where immense quantities of certain auriferous lesidnes from tho 
preparation of arsenic had been accumulated during several centu- 
ries. These rcsidm^s l>cing extremely poorof gdid, and not fit for 
Iteiug treated by any other known means, nevertheleea aflbixledl 
a considerable profit by tho treatment with chlorine. The same 
satlsfiictory results have been obtained atSchemnitzaod Schmcell- 
nit2, ia lluugary, and oUier localities, where targe hills of 
residue, formerly considered wortbteas and thrown aside, are 
worked over again, and every trace of gold extracted. Plattner, 
perfectly posletl up In theory and practice of all metaUunrical 
operations, soon aunc to the conclusion tWt his process might 
undergo an alteration or improvement in relation to the Ireat^^ 
raent of natural ores, and especially such ores as contain the guld i 
ill a mineralized condition, but, by his premature death, he was] 
prevented fmm finding out such improvements. Since Phittner'sj 
death noboily on the other side of the Atlantic has taken parti* i 
cular pains to apply his process to the treatment of natural oree^l 
for the reason tnat gold-bearing ores are comparatively rare ia 
£orope. 

In order to explain the defecta of this process, we deem it 
neccssaiy Iu go into some details, and lo rf|»Drt afterwards on the 
method of extracting gold, for which letters patent of the United 
Slates have been granted to us in the month of Api-il I66SwJ 
Previous to the Irentmeul urchkirtue, the ores must be pulverized 
as finely as ihiuic which shall be submittcil to the proceas uf 
nmalcnmation. Ores ooutaiuing sulphur must be roasted until 
all other metals contained therein hnve been transferred to the 
highest point of oxidation, being in this condition but very little 
attacked from cldi-rine, while gold almost alone will be dissolved. 
The ore thus fii-st preparvd is carried into earthenware jars or 
WDoden baiTels linvd inside with lead, and chlorine gas is passed 
through the ore s'l ns to impregnate it ihorongbly. After this 
operation, lukewniin water is to bo poured over the ore; the 
resulting filtered lyo of gold is precipitated by sulpho- hydrogen, 
and the precipilatL' thus obtaiued from the sulpho-ccmbtiiatioti of 
gold ami other met.-ils is dissolved in aqua regi% and by an addi- 
tiou of aulpliKto of iron the metallic gold wul be obuiued in a 
finely divid^tl oonditioD, free from silver or copper, and fit for 
direct meldng. 

This treatment answers perfectly well for quartz containing 
gold in very bmall particles, and for ores containing vory few 
Hulpho-metfda, and requiring no completely and costly desulphuri* 
zation, and it answers nUo for re^iidues, though the ap|>rti-iitu« 
prescribed by the inventor does not allow opc-i-ations but on a 
small scale. For treating ores rich in sulpho-m etuis, like onr 
ores from Colorado, the application of the said process roeetn with 
two serious iuconvouieuccs, viz.: — 1. An excess of chluriue is 
necessary: and 2. The remaining ore is very seldom ci-mpletelj 
exhausted, and contains still some gold. If we examine specially 
these two faults, wt> find that the cTieapeKt mode of chloriutzing 
would be, if just as much of the chli rtuo gas could be used as ] 
miglit be necessary for the dissolution of the quantities of gold 
euntained in a certain ore. But that, perhaps, never will be the 
cane, and we always sbuLl need a large portion of chlorine; 
whereas the finely divided ore, and particularly the oxides 
therein contained, will absorb the gas without binding it chcmi* 
ciilly, 

According to Plattocr's plan of treating the ore, a considerabta 
quantity of gait must be h>at, and consequently the expenaea wUt 
be iucreaaed the uutro as the ability of tlie ore for absorbing the 
gas may be very strong, aud as the prices of the scids and other 
iiiateriHls uecesnary for liiu preparation of the gas may ran ue high, 
if this inconvenience ciiunut beset anide oompletely, it is how> 
ever pussitde to do so partially, iu a mtinner we cannot describe 
here more pjirti cular ly. It may be enough to mention that, by 
applying a peculiar desulphuriaing process, we save near one- 
half of itie amount of gas from that requirtsi at the works of 
Keidienatein. This is the first advantage aflbrded by our pro- 
cefS. 

In PlattDei'a process another inconvenience is to be found in 
the following: — In couHfOueuce of ao imperfect roasting and of 
tliQ existence of Insic vuIm and sulphu- metals, ctiwhimitions of < 
chlorine and sulphur may be crcate<l, which, while pniducing k 
secondary ilecnni position, wilt exert an ioOnenoe on (he chloride 
of gfdd already furnied, and will separate a quantity of the 
metallic gold proportional to the quantity of the sulphur thtis 
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beiDg loit for the process. A 0DmpIet« routing, goioj^ as fnr u 
to remove every trace of uiil|iliur, nt% iloubt wuulil he the best 
lueaiis of obviAliug tbis incoDveoieDco, but wboever kuows 
the difficnlUes occurring in Iho practice, particolarly when ope- 
rating on copper pyrltee, will give Up the cxecutiou of su^ib a 
pluu. 

Ill our process we obviate the precipitation of the gold in a 
dlflereut manner, that ia, by subeUtating hypochloroua acid (a 
gas«ous b(xly coDslstiog of 1 eq. chlorine and 1 eq. oxygen) for the 
chlorine grui, and by flubmitting the ore to the onccts of this gaa. 
The hypochloroUB acid gns when brought iu contact wilh the 
corabinnLiuns nf Biilphitr remiiiiiing iu the nrR, expsricuces a 
(lecompoeiiinn, the oxygen uniting vith the aiilpliur and tnius- 
ferrJDg it into the biKnes^ degree of oxidation, while the cIiKiriue 
ooinbines with the gold. Ry the application of the said gaa to 
the proceM of extracting g'dd, we are enabled to neoure two im* 
portant a-lvantagea, viz. — I. We obviate entirely tbo formation 
of iiijiirions agents b^ means of the oiidizing effect of the oxygen; 
and i. The chlorine is acting while in ttatu na*cent. In thia slate 
the chlorine has reached the hi^heat degree < f chemical affinity, 
thus luaking our process (besides its ability nf promoting the close 
nf the opemtiou) applicable as well to ores containing gold in 
finely distributetl pArticles^ as to snch om which may contain 
gold in coarser particles. 

Having explained the two cliief points which distinguish onr 
pruoraa from Flattner'a mode, we deem it neceaaary to aay a (evr 
words iu regard to tltc question whether it is appMcnblc in a large 
scale. Our procewi requires, tike all others, a complete pulveri- 
zation, and next a goo<l roasting, if the ore shonld contain ttulpbur. 
In cose the ureH kIiuuM contain copper, it wouhl be udvisnble to 
Mubtuit tbeiu to a roasting, and to extract the formed copper salt 
by water, and to precipitate the copper by proper roenns. In both 
cases the ore is ready for being treated by the hypocbloroua acid. 
The question now arises whether tliiti gaa can be prcduced at a 
«nfficiently cheap rate. In view of the enormous quantities of it 
, provluoed for the preparation of bic.iching aalta, azKl eepeciaJly of 
, chloride of lime, we may confidently give an affirmative nuawer. 
W? do not uee^l for our purposes any other apparatus or localities 
than those required for the manufacture of ine before^mentioned 
articlos, except n leaden retort, which should bo placed between 
the geueraioi- of the chlorine and the buit<iiiigs for the alomge of 
the ore. Thin retort la filk-d with n solution of Aiilphate of aoda 
or glanberaalts, and wc thua obtain the hypochtorons acid In a 
fref conditinn. 

The generator of the chlorine^ in proportioD to the impreg- 
nating chatiilier, requires smallerdiueusious than those necessary 
for ttio maiiufiictiii-e nf chloriile of liiue. The impregnating 
ctiamber is cimfltrnctcd from Ailicions sandstone or from bricks in 
a longitndiuul form, and rf pretenls a room nilher more high than 
wide. It mint be coated inside with asphaltuin, and boJirds 8 to 
in feet long and i feet wide shonUI be fiuteu«<] horiz'intatly along 
the largo siden, one above the other, nllowinc; a|>Acea of about 
4 inches between them. These boorda nre deaignated for receiv- 
ing the ore. In the middle of the buildins a small gangway is 
to Ik; Ifft; two wiiiduwa allow tu wiitch the nperatton, and one 
door Mtfurds admittance to the cliaiubvr. A gn;ou culuur nill be 
t'baervt^ at the win-h^w* when the impregnation is completed, 
and the iloor, thus far lightly clutteil, then may be ofienud for the 
t*xit uf the gaa and for the removal nf the ore. 

The next operation, viz., the extraction of the ore, ia performed 
either by centrifugid power or by a hydraulic pre^a and water. 
In this manner weobt-uo a very conoeutrateil \ye, fruni which wo 
lipitate the ^.>Ul either directly hy sulphate of iron, or by a 
tmtiut will) sulpho-hjdrogeu and riubseqnenily by sulphate 
riPOD. Both operations are vwy aiuiplc, and do not require any 
particular or costly apiiaratus. 

Compared wilh the proce^is of amalgamation, and to conskld' 
ration uf the cxpcuaes for putting up xtich an eMLnblishiueiit being 
equal, our piocti&a, beaidesi the bi'furu-imtultoncd adrantngea, 
alfonla still others, viz. — 1. The value of the miiterials entirely 
disap|ieariug out uf the operatiuiui is considerably lesB, whereau 
we are working with materials far cbea|»er ibau i|uic){»tilver. 
2. We save grent expense of fuel, imiispe usable for the ilistillatiou 
of tb'-* quicksilver. 3. We need no refining, pure gold being pre- 
cipiltiled from the solution of the chloride uf gold. 4. Ourprocesa 
ia D«t iujurioas at all to lite health of tbe operators. 



ON SOME OF THE KECENT DISCOVERIES IN CHE- 

MISTKY APPLIED TO A R1"S AND MANUFACTUBES. 

By DfL F. CiucK C.ii-vERT, F.R.S., F.C.3.* 

Onx of the most curious and important applications which 
have lately been made of chemistry to Diaun&icturea is that of 
coal gaa as a means of obtaining iuteuae heats. In fact, heats 
have been secared which far exceed thoite previously obtained by 
the combustion of coals and other carbonaceons matters. To 
understand bow thia result has been effected, it is ncociwarj to 
refer to the combustion of coal gas. When cual gaa is ignited, 
the rrxygeu of Ihu atmoapbeni first combines with the bvdrogeu 
of the hjdro-carbona, either gaseous or sufficiently volatile to 
assume a gaseous form, so aa to produce water. Whilst a part of 
the carbon of these hydro-carbons combines with the oxygon to 
produce cjirbonic acid, the other portions of carbon float in tbe 
tnaas nf ifjnilcd gaaeoua matters, and reach a sufficient tempera* 
ture to mdiate Light in all directions. It fotlnws, therefore, that 
the richer the coid gas is in hydro-carbons, into th« composition 
of which enters a largo proportion of carbon, the more brilliant 
will bo the darae. 

This is beautifully illustrated by an invention of the Ber. 
Mr. Bowditch, of Hadderalield, who baa lent me one of the appa- 
ratuses wldch he has lately invented to increase tbe itlumiuating 
power of inferior coal gaa, anil which has been applied with 
success in the city of l^ndon by it^ learned otBcer of health. 
Dr. Lethebv. It consists in the lotrodnctiou nf carburetted 
hydrogens, rich in carbon, into the dnme of ordinary coal gas, 
tbns enhancing in a marked degree its illuminating {>ower. This 
apparatus couHiats of a gaa-tjtjht metallic vessel, which holda 
the bydro-carbons, and which has nn inlet connected with a gaa 
supply and an outlet connected with the burner. The gas in its 
course passes over tbe surface of tbe hydro-atrbons. Being above 
the flame, the vessel and iu content* become healed, and part of 
the latter ta converted into vapour, which tbe passing gas carries 
wit^ it to the burners to enrich the Same. 

The following are the advantages which Mr. Bowditch's appa- 
ratus presents: — Common coal gas, A.-thburton 0at 0ame, fish-tail, 
and batwiiig, does not yield a ligbt of 15 standard sperm candles 
per foot, though it yields the tight of 2'4 caudles per foot whea 
burnt in a Ifl-nole argsnd with a 7-iu. chimney. By adding 3l*fi 
grains of naphthalin vapiiur to each foot of this gaa the light- 
giving value is miaed to between seven and eight candles per toot, 
according to the cunstitniicn of the gas with which the vapour is 
burnt. Oils do nut yieUI quite so high a result as naphthaliD^ 
but they alford from 45 to 5 limes the light given b^ gas alone. 
Tu show the economy of gas, 1 may cite the following results, 
given to nv by Mr. Bowditch: — A gallon of oil, sold retail for 2ff., 
ia capable of producing, with lOtXt feet of Loudon gas, more light 
than is given by ^CiOO feet of gas; or 4*. <M. gas and it«. oil against 
18*. gas alone. The hydro-carbou vessel reqaires charging about 
once in U to IK days. 

But let ns now return to the production of intense heat by the 
combustion of coal gas. Tbif is ejected by burning gas with an 
excess of air, generally s[>caktug under pressure, so as to bring 
into contact in a given S|>ace of time a large quantity of gases, 
e>IM?cially an excess of oxTgen, with a view of rendering perfect 
combastion of coal g-is. 'I'he Qmt instauoe, to my knowledge, of 
the perfect comhuatiou nf coid gaa as a commerciiil application, 
was its use in machines for singeing eotton and woollen fabrics, 
or for the purpt^se of removing; from their surface all loose and 
useless fibres. One of tbe moat perfect machines which I have 
yet exandued for accomplishiii;; this purpose has been lately 
introiluced to the notice of manufacturers bv Joshua Schotleld 
and 8wtia, of Manchester. Tbe great merit oftheir machine eon- 
fti>t4i in the fact that by it they cin vary either the intensity of 
the finme or it^ii length, accoidin;,' to the pressure at which the 
gasea in corobusiinu are made :o iMue from the mnuhtne. In fact, 
they can adapt with such uict- ry tbe action of the mncbine to tho 
nature of the fabrics they have to ^ingc, that it can be applied to 
the finest fabric, suoh as cani)tric% and lo some of the heaviest 
mntenaU in cotton, suuh as fuitian. 

Tbe movt remarkable example of tbe intense heat which can he 
uhtaiuad by the combustion of gases was brought iuto notice a few 
years sluoe by that diatinguJKhed ebemiit, M. II. St Claii*-Devill« 
(the ditcoverer of aluniintnni), t>y which he «UL'cee<)ed not only in 
melting several metitis whi^'h, until his '■x[)eriineutR, had resisted 

* /rooi Ike JiMinal »* itie S.«tc*7 o* Ati-. 
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all oth«r modes of effecting their fniion, bal in iDe1U(ig ia bia 
laboratory as much ta 2.5 lb. of plalinuni, oue of tl»e most refrnc- 
U>ry metals known, nod ruDiitDg it into one salul ingot. In 1H62 
llie well-knowB metaliurgiat*, Messrs. Johnson and Multhey, 
invited to their works a Inrge circle of the most scientific men of 
Europe, who were attemiiug the Kxliibition na jarora, to witness 
the fosion of 220 lb. of plntiunm, and the runQing of it Juto one 
single solid ingot. This wonderful exploit iu the production of 
be*t was eflecteil in a ftimnce Hiinilnr in principle to that wliicb 
hwl been devised by M. St. Clnir-DBville— viz., iu a fornaoc the 



broDght to the notice of the public ix one due to Mr.G.Gare,P.R.S. 
The following is the description of Mr. (lore's gns farnAce:—A is 
a cylinder of tire-clay, alwul 9 inches high and G iocheti diameter, 
open at both ends, and with a hole at tlie back part near the 
bottom, to Ifad into the chflhney; ii is covered by a movable 
plate of fire-clay B, with a hole iu ita centre for the introduction 
of the jrucible or of substances to be melted; this hole is closed 
by a perforateit ring of fire-clay C, for occew to the oontcnta of 
tlie crucible; ami that ngHia is closed by another stopper of fire- 
clay D. £ is a chimney of sheet Iron, about ^ or € feet high. 
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inuer |«rt of which was lined with blocks of quick lime, the only 
material fouod by M. Deville to be susceptible of resisting the 
inlense heat which was produced by bringing at tlie uppt^r part 
of the furnace a large jet of gas and air intimately mixed, and 
working under pressure. Tlio flatue, in pnsaiug from the upi>er 
jwrt of the furnace and making ita exit at the lower part, pro- 
duced BO great a beat as to melt the above stated quantity of 
platinum. 

The obseivations of M. DevUle soon brought into existence 
some extremely simple and handy furnaces to effect fusions and 
Bsnya on a laboratory scale. Some of the l>eflt furnaces contrived 
for that purpose are due to Mr. J. J. Griffin, of UunhiJl-row. 
The principal feature of bis furnace is using as a generator for 
beat a large Bunsen burner, which consists of a hollow tnlK, at 
the bottom of which there is an inlet for coal gas, and at a cer- 
tain height iu the tube a number of openings through which the 
air rushes iu to miugle with the gas; both air and gas uihuc at 
the top of the tube, and when ignited produce an iutcusc heat. 
The dame so produced Is made lu play rouud a crucible contain- 
ing the materuUa to be assayed, and which itsolf iHgurroandeJ by 
thick earthenware tiles, preventing the heat passing throngh the 
furnace fi-c-m mdtating itself in alt dircctious, thus concentrating 
its action entir«Iy on the little cnieible placeii in the centre. But 
the most fierfect ooutrivaiice of the sort which has yet been 
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kept upright by a ring of iron F, attached to (lie lop of 
the fomnce. The fii-e-clay cylinder is incloseil in a sheet iron 
cieing with a bottom of iron, to which are fixed three iron legs 
O. An iron tube E, with a prolongation T, supports by meant 
of the screw J, the burner K, and its tube L, which is open at 
both ends. Oaa ia mipplied to the burner by mejins of the lap M, 
which has a small index N, attjiched to it foras^isianco in adjust- 
ing the gas. Inside the Inrgcst cylinder is another fire-clay 
cylinder or cupola O, with open ends, and with three projections 
of tiro-elny P, for supporting the crucible Q; it is kept steady by 
means of three clav wedges R: S is an air-valve for closing the 
h-ittom of tht> tubeX. The gns burner id a thin metal cylinder, 
d.'pply corrugated at its upfKr end. with the eorragations dimi- 
niflhiug to nothing at its lower end, as shown in the engravings. 
The action of this furnace is as follows: — Gas is admitted to the 
open tube L, by the tap M; it there mixes with air (o form a 
iiMrly combustible mixture, which ascends through the burner, 
and bums in tlie clay cylinder O, being sujtplied with the re- 
niaiuder of air necessary to combustion thnnigh the tube H, to 
the outer surface of the fianie by means of the spaces between 
the oorrugatioD*. The flame and products of conibnstion pass up 
through cylinder O, und then dowuwanls outside of it to the 
chimney, the point of greatest heat being at Q. 
Mr. Gore states that one of his smalTest furnaces, consuming 
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33 fwt of coftl gu per honr is capable of melting 8 oz. of copper 
*Dd 6 ox. of cast-iron; that the next tiize>l farnace, consaming 
about twice the quantity of gas, will melt -10 os. of copper. 
But the most iniprtrUnt improvfrn^nt which has hot-n effeeUKl 

' of late yean in the prn<luction of iutense heat by the eonibostioD 
«f the gaaee (^ocrat<>d through tlie' distillfttion of inferior ooats, 
i* that of Mr. C. W. Sieraeni, F.RS., of Great fleorKe-street 
The beucfitu which nre conferred on manufactnrers and the pub- 
lic by the fumaires dcvined by Mr. SiftneDS cannot be overrated. 
They aie not ontv economical in their uiw, bnt an thfty enable the 
nwnarACturer to uitc an inferior clnaa of fael to generate ihe heat 
required, they must undeniably \m of great advuotage; and to 
the public in geucral thoy will be a great boon, m they do away 
with the DuisaDCC attJiched toa.ll manufacturing diHtriets, in the 
(lark black smoke escaping from chimneys, polluting the atino- 

1 flpbere, and reoderingitsodiaagreeabletothoee who are compelled 
by their occupations to live within reach of its influence. 

I may state, en pasgant, that the large amount of black emoke 
which floats tn the atmoHphere of Manchester^ SheEBeld, Bir- 
tiitn^li.VD, and other towns, ii Dot only iojurioos, by depriving 
those ptaops of uuch light so beneficial to life und health, but is 
Also a nuiMucA from the iiimieuM amount of soot and dirt witb 
which it is ftccompniiieil. There cannot be a doubt that, owing 
10 the imperfect c^tmbnation which the products undergo in many 
of the furnaces Iwlonging to manufacturers, and which is shown 
by the appearmnce of the smoke itaelf, the air is rendered more 



of the heat, in manv iastanccfl, by far the greater proportion of 
the whole, being allowed to esoape ttselcusly up the chimney. 

I shall now gtve a deecriptloa of one of M. Siemens's furuaces. 
Hie gas producer and furnace are quite distinct, and may be 
placed at any convenient di^iance from each other. The g&a pro* 
ducer is shown in Fig. S. The fuel is supplied st intervals of 
about two hours through the covered openings A, aud dcioendt 
grndualiy on the inclined plane U, which in set at an inclination 
to suit the kind nf fuel oscd. The upper jHirtiou (if the incline B, 
is made noHd, being formed of iron plates covered with flrebrick, 
but tha lower portion C, ia an open grate formed of horiKontal 
flat steps. The opening under the lower step is made larger than 
the others, to enable clinkers to be withdrawn. The small stop- 
pored holes FF, at the front, and OG, at the top of the producer, 
are provideil to allow of putting in an iron bar occaatonally. to 
break up the raose of fuel and detach clinkers from the aide walla. 
Eiush producer is c-vpahle of couverting daily about two tons of 
fuel into a combtistiblo gas, which passes off through the opening 
H, into the i\y.'r- ■■:-.■' t'l- Ir-.-itiing to the fumacw. 
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unwholesome than it would be if the protjucts that escape had 
undercoite perfect cnmbustiou, becaase volatile matters escape 
which are kuown to have a moet destructive action on health and 
vegetation. The improved at&te of the public (uju.ires in London, 
and especially of those which are on the bariks uf the Thames, 
oui ba witnessed by all who Imve obfervcil their condition since 
the consDrnption of smoko has beea made ooupuisory in London 
aud tta 8uburbi4. 

Mr. Siemens'^ furnaces, I am happy to say, are not in a state of 
mere experiment, but they have received the aaiicLion of a great 
Doubej* of manufacturers, and especially of those who little 
expected that the nef.*e!taary heat for their operations could be 
obuiued without interfuriug with their manufacture, iu the 
carrytDg out of which thov thought the prmluction of smoke 
ooalil not be prevented. Thus we find Mr. Sitmeus's fnruuoea 
employed with great sncoe»s aud economy in glass worka, id 
potteri^'F, an/, iu irou forges — works which used to be a nuisance 
to their neighbours, by the large voluuivs of bhick smoke which 
they were constantly emitting Irom their chimneys. 

Before describing Mr, Siemens's furuaoe, it is necessary that I 
should state that, in the ordinarj- furuaces only about 26 per 
cent, of the heating power of the fuel i* rendered available in 
oarryiiiguut the mauur»ciuriug operations. This is due to im- 
pernui c<ini>^ui<iiim, ou>l to the fact that only the heat of oombns- 
tion ea(.vediug that of the body treated is atiliied; the remaluUcr 



The action of the gas prodaoer in working ia u follows:— The 
fuel descending slowly on theinoIiQedptaneB^becomeibeated,iuid 
parts witb ita vobitile constituents, the hydro-corboo Rasen, water, 
ammonia, and a small pr'^portion of carbonic acid, which are the 
flimc OS would be evolved from it in a gas retort. Thero now 
remniuB from CO to 70 per cent, of purely carbonaceous matter to 
be dispose*! of, which ia accomplished by the current of air slowly 
entering tlirough the grate C; producing regular combustion im- 
medtateiy upon the grate; bat the carbonic acid (an iucouibu^tibte 
gas) thus pi-uUuced, having to pass slowly through a layei of 
incandoKwut fuel from 2 to 3 feet thick, takes up another equiva- 
leni of carbon, and is thus Ir&usformed into carbonic oxide (an 
inflammable gas) which paaeea off with the oiher combustible 
gases to the furnaces. For ev^ry cubic foot of earUinic oxide thus 
prodooed, taking the atmosphere to consist of one<flfth part by 
volume of oxygen aud four-EUhe of nitrogen, two cubic feel of 
incombustible nitrogen paaa alao througn the gr«te, teuding 
greatly tn dimintah uie riobneas or heating power of the gas. Nut 
all the carbonooeous portion of the fuel is, however, volatilised on 
such dioadvantageouH terms: fu^' water is brought to the foot of 
the grate by tliu pi|io E, whii:h, absorbing the spare heat from 
the tire, is uouvorted into steam, and encli cubic foot of steam iu 
traversing the layer of fniin 2 to 3 feet of iucandesoetit fuel it 
decomposed into u mixture eonsisiiug of one cubic foot of hydn>- 
geu, and nearly ou e<iual volume of oarbonio oxide, with a vnri- 
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nWe smull proportion of airbonic add. Tlioa odc cubic foot of 
pt«»nm yields as Diiicli iDflnmiuiible ga« as five cubic feci of Atmrv 
viilit-ric air: bnt the one operation u* dependent upon the other, 
inasinuth ax Uie passage of air thmngh the fire i-> atteiifled witli 
the Keneraliou of heat, whereas the proiiuction of the water gaaea, 
ns welJ u the evoluiioii of tht* hydro cnrbocia, ia carried on at the 
pxpeoM of heat The generation of Rt«ani from the wnt<?r, bcinjr 
depptident on the nmount of heat in the fire, rCiCulntcs itself 
Dmurollj to Uie reqiiirenieDtR; and the total production of com- 
bustible gnAes v.atii« wiih the ndiuisBion of air, and sinct the 
admiaiioQ of air iuto the grate depecda iu its Uiru upon the 



into the 6aPR RR, at the Itottnni of one of the rMjeDeratoiii Ti, iif* 
throngh which it passes lo the port W. Air is also adiuiitoil 
through a reversing valve at the back of S (not flhown iu the 
ti^ro}, thence into the fluiw 00, wp tJirough tlic stcoud regene- 
raitir I>, lo the port N, where it nieet« with the gaa, miuglt^a with 
it, and prodacea an inteuac and uDirorm 6ame, which ilistribulea 
itself all over the healing chamber K. The prodncts of combos- 
tiou, togptiierwiib the excesa of waste heat of the fumace, instead 
of being pfcK»ed, a« iu orditiary furnaces, up the sUck, and rrjther 
entirely thrown away or only partially utii'iz«l, arc carried down 
iuto the other pair of regenerators, where ihey arc deprived of 
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vithdrawnl . f the gaeee evoked iu the producer, the production 
of the comluatible gasee ia eotirely regulated by the aenmud for 
ibetn. 

Tlie gas made in thfw prMncere has been frequently carefully 
aaaly«etl, and the average cunslituenla of 100 iwirts have been 
ftiuiid as follows: — 



Carlionic HciU 

Carb-wiic oxide 
Carburvtted hy(ln>^'-ii 
llyiirogcn ... 
Nitrogen 



M 
H-4 
2S-7 
■12 
SO 

61 a 
vd-u 



The rnrnaci-it nre applicable fur all purfx^ws where lutenMltenl 
Is required, such ns for glass houses, pud-lling, beating iron and 
steel, iron melting for foundry porpf-ses, steel melting, muffles, 
and coji|wr sDifliing, In all appliculimiB the funiaces are of tlio 
Ktnie construction in principle, the nrrangenieuta only varying 
with the different operations to W carried on in the heating 
chamber. The beating furnace has been selected for illuttrutiou 
in Fig. 3, Uuderneath the heating chamber K, nreplacftl trana- 
veraely the four regenerators Ij J^L I., which nre chombers filled 
with bre-bricks built np with spaceB between them. The regene- 
rators work iu i>air«, the two under the right-hand end of the 
furrtiicr eommunicaliug with that end of the heating chnmber, 
nhile the other two communicate with the opposite end. The 
gaa pnKtTs frc^ra the main gaa flue thmngh the reversing \'alTe S, 



their heat, and thence pr-oceiMl tbrmigh the reversing v.'.li' 'i ir- 
the chimney by the flue T. 

When one pairofregpneralors lina become cnnaidenibty heated 
by the pasfiage of the boi |iroducts of combustion for some time, 
and the cppnsile pair correiipotidingly cooled by the upward 
passage of the cold gas and air, the valvea are reverseil, and the 
currents of gas and air then }kimb upwants tbruugh the regene- 
raioni last neate<l, whereas the prc-dncts of combustiou paM 
through IhoM opposite. The process of reversing is re[K>aieit al 
6xe<l iDterraUt generally every half hour, so tiiat two uf the 
regenenttora are always being cooled by the gaa anil air taking ni* 
the deposited heat and carrying it back to the fuinacc, nud luu 
always being hcateil by the fULssage of the hot ptodncts uf com* 
bustioii paasiog down to the chininey, and depositing theit beat 
ou their way there. The flame in the heating chnnibcr is uniform 
throughout, ntid {ierf<^tly frve from all cxtraucoufi matter. Its 
ebetnicsl nature ia a)«o perfectly under command by menus of sns 
aud air regulating valves (nut shown in the engravings), no ibmt 
.the most dVlicato operntions can be carried un with un'st uoi- 
forniiiy. The gas and air reach the heating ehflinlWr {after 
paiuiiig through the rogcuciatora) at nearly the heat of that 
cl)auilit;r itself, and in burning, in addition to the teraperatare 
due to their mutual c]iemical action, is added that they have 
taken np iu ivissiiiB through ibe regenerators, su that an inieuaity 
of heat is oltninefl, which, unless iittMlornted oit purpose^ wouhl 
fuze furnace and all exiKwed to it« action. 

The products of oomunstiou are an completely deprivnl of the 
beat they brought out of the heating chamber K, by jtaasing 
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RTTiong the rccenerator bricka, that the heat in the chimney-flue 
is M-MtMit siifhcient toftiiige vrooil; the economy ia thcrelote due 
to t}i« fact thnt liillti or no Itent ia thrown nw.iy upthe chiniiiey, 
na iij the urditinry furtmocs, aiic) alao to the [defect combiuitioQ 
of the fuel, which is evidenciKl by the total ahaence uf amuke frou 
lh<; nittMck; whereae in the conmiou furnaces the coiubuatiou is so 
iiHiwrffct, that cloiida of powdcR'd carbon, 'u llie form of 8tui>ke, 
*eiivetu|K] all iiiiiiiufaii:turi»gtowii)i, QBil gatius arualluwe^l it) ehtsijio 
with two-thinlB of their heating power iiudeveloved. The saving 
of fuel in these funiaowi, a« cniniwreci to the ordinary kinii, 
rnn(;pa between 40 and UO per cenL in wei^'hl, acconlin^ to tlie 
fuel used. In many iustances as additional saving cau be iumIo 
in the cost of the fuel by usioff^iuferior qiiaEitiea, such as coal and 
coke duat, lignite, snd pent. The inlensity of the heat, purity of 
the flntue, and the abaeuoe of cutting draiigiits in the heating 
chamber, is of great iwivanta^o for nil metal Inimical operations, 
tending greatly to improve tue quality of the produce, and occa- 
kloniu^ a saving of about 5 per cent, in the waste of the metal 
treated in puddling and iron re-benting furnaces, &c. The pecu- 
liarities and oilvautoges of thcee furnaces are, that gas fuel nioue 
is eniidoyed, that perfect and entire cnmbuatinu is obtAin(>'d, and 
that ine heat, which ia usnally allowed to escape up the chimney, 
is here stored up to be afterwards hmnght back to the furmiceH. 

Whilst on the queAllou of the cumhustion nf coals and of nmoke, 
] wonld draw your attention to a clover invention by Mr. Snook, 
of Manchester, wbiob he calU an " luvigorator." The iuveutioa 
may briefly bo described as an apparatus placed within the semi- 
circle forniing the upper portion of an ordinary register fire-grfite, 
formed entirely of cast-iron, and so constructed as to be readily 
npplietl to atl existing grate known a» of the register form. In 
exjierimenta wliich have been made, it has been proved thatafUr 
lighting tlie Bi'e (the whole of the iippuratua being closed bo au to 
net HR a bluwer), A brisk bright fire is produced in ai»out four 
loinnies. A large concave elliptical yilate iinnifdiately over the 

ate bans suspended on end pivo.s, is tilted over to an angle of 

not 70 degrees, when it is soeu that the back or concave por- 
tion of the i>lale acts as a bright rvflector, thmwiug out the beat 
mys into the room, instead of allowing them to pass up the 
chimney. Two horiaontal plate doors, or louvres, above the re- 
flector, are next operfed, when the draiight is found to be reduced 
to the aroallest amount compiitible with the continuance of ci'm- 
bustion in the grate. The heat thrown out from the lire is con- 
■ideruble, and the Sre itself forms a pleisuut object to look at, 
having >i warm red glow, without either flame or amoke praceed* 
JDg fntiu it. 

The next invention I wish to refer to is one which, like that 
of M r. Siemens, is calculated to render marked service to society. 
It is the production of motive power through the combustion of 
conl gas, and you will I hope approciaic the discovery duo to 
Mr. Ijcnoir, if you will call back to memory the elforla which 
have been made for the last twenty or thirty years, to generate 
power by employing the expansion which air or other gases 
undergo under the influence ot heat as a substitute for steam — 
the long promised succvsh and the unfortunate failures of Ericsaou. 
What csf)cciftlly recommends tiie engiueH of M. I^noir is their 
safety, for there is no danger of explosion; their cleanlineaa, for 
tlu-y require no fuel; their simplicity, which enables thoM who 
employ them to use them in any room, at any height^ and at any 
■pot where motive (jower may be required, fur they have oidy to 
erect a little engine of one or two norse power, and, wbeuever 
they require to use it, all they have to do ia simply to bring into 
contact two poles of a batter>-, when the Qnid so generated will 
trsvnr.se s|)ace, and convey motive power to the gus engine. 
Idielly, thvsu engines are extremely ecououiical in their working, 
for they consume only 70 feet uf gas per horftu)K)wor per hour; 
wd assuming that lUOO feet of gas is worth 4». Cd., the mist of 
srorkiug an engine of one horse power will be about 4d. per hour. 
M. I^noir'a engine ia very similar to the ordimiry steam-engine, 
haviug a cylinder, piston, craok'shaft, and fly-wheel. Tim fol- 
lowing proportions of gas are admitted in the cylinder:— One 
volume of coal gas mixed* with twelve volumes of atmoepberio 
air. This mixlnre is ignited bv the electrical spark from a bat- 
l«ry coimecu-il by wires at eticii end of the cylinder. The con- 
ncctioii being made and broken by the rotatory action of the 
enuik-shauk, the expansive force necessary to move the pialon of 
the engine ia produced by the ignition of the gas, which not only 

1)n>duccs steam and carhouic acid by their combustion, but by the 
leat gcuerated increases their vnlunio to a sniBcient extent to 
force the piston to travel backwards and forwards, thus produc- 



ing motion. The engine once fixed, the battery charged, and the 
gas turned on, it is ready for acliuu, and as soeu as the work 
roquirvd is completed, the gas is shat of^ the engine stops, and 
the expense ceases. 

The facility for employing Lenoir's eogioe in conntriea where 
coat is not easily attainable has been increased hy substituting 
for coal gas a mixture of oxide of carbon and hydrogen, which 
can easily be procured on a coniniricial scale at a small cost, by 
1tn8.sing aleam over boated charcoal, the water being decomposed, 
its hydrogen being liberated, and its oxygen combining with the 
carbtm itself prrrfluces oxide of carbnn, and the mixture of these 

Snsea is a cheap nml good sulisUtuta for coal gat, Conseqnently 
I. Irfnoirsen^'inKsniu be employed with great advantage in our 
British colonies »nd in South America, 

I shall now call attention lonn interesting aitd valuable inven- 
tion of one of the most learned und eminent chemists of England, 
Dr. J. StenhottW), F^S., «ho has deviited quit© a new method of 
waterproofing vegetable and animal tissues and fabrics. Pre- 
viously to his discovery, the modes of waterprooGng conttistcd in 
using beea'-wax and various kinds of drying oils, sue)' as Iiii8ec<l, 
the siocation of which Isenhnnceil by boiling them with peroxidss 
of lend or mangancM. farther, you are all aware of the extensive 
use which has been mode of caoutchouc and gutta-percha for 
waterprni-ifiug purposes. Dr. Stenhouse's wat43rpronfing material 
ia a white solid substance, having nq odour, undergoing no change 
through tlic action of the atmo^pher?, and which has acquired of 
late great, popularity, by the application which has been mode of 
it as on illuminating and lubricating agent — 1 mean paraffin, the 
discovery of which, in a commercial pt-int of view, and its iutro- 
ductiuu into public notice, are due (n Mr. Jamers Young, uf Bath- 
gate, near Qlaagitw, who has now established one of the largctut 
mannfactories in the world for the production of this article, not- 
withstanding it was oousiders"! a cummercial novtdty in 1852. 
Dr. St«ihouKe found that il be employed pure parnffin for wntei-- 
pmoting, owing to iu tendency to crystallize it would not adhere 
sufficiently to fabrics, lie, therefore, conceived the happy idea 
of a<ldin^ ii> it a few per cent, of linseetl oil, which overcame the 
defects presented when FKu-aflin was employed alune, effecting u 
belter adhwiion between the waterproofing material and the 
textile fubiicii, and rendering leathers more fiexiblu. Dr. Slen- 
liouM melt« together paralhu oil with a few ]>er ceoL of linsee I 
as above stated! He runs the M-hole into cakes; and, iu onter to 
upjily ihid waterproofing agent, he heats the caice, and nibs th« 
lualerJaU t>ver with il, or sprends the melted mixture over the 
fabric by means of a brush. Bia prooess is applied with great 
advantage by Messrs. Silver and Co., to the waterproofing uf 
soldiers' teuLs, and other materials of that oJoaa, to tlie great 
comfort of the sohliei-s, for, without incroaaing the weight of 
their tents, it rendere them impermeable, and protects the men 
from rain and its attendant discomfort and danger. Another 
moslugefol application of Dr. Stenhouac'a waterproofing material 
is the rendering of Ivalhcr impermeable; by examining the spec!- 
mens you nil! immediately see the immense advantage that 
cavalry will derive from having their aaddlea robbed over with 
this pre|>aratiuu, as it renders the leather incapable of absorbing 
moisture, and enables the soldier to mount his horseafler heavy 
rain with ns much comfort as if it had remained under slieller. 
It also renders the soles of shoes quite ireiiermeablej and at the 
same time communicates to them great flexibilitv, so that tfai- 
\xtiti9 of navvies, and other similar articles, are renuored fiir more 
useful and durable, as we all know that the conataut wetting and 
drying of leather expedites in a maiked manner i(« decay. There 
is one more application of Dr. Stenhonse'a waterproofing to which 
I should wish to coll your special attention, as it is of interest to 
the mniiurHCturers of Maucliester and lAncashtro generally. In 
those districts large quantities of what is callol waterproofing 
materials are osed in [lacking the goods, and preserving them 
from external wet or injury. Many of these mnleriols %iv made 
by ouvering a coarse calico fabric with a coating uf boiled linseed 
oil, but this class of packing is very imi>erfect, and loses its 
strength rapidly, especially in hot climates, owing to the fact that 
the boded oil ubeorbe oxygen and carries it on to the fibre, oxidiz- 
ing it, and thereby ooua destroying its tenacity. By appyiug 
Dr. Sbenhouse'd process to the fabric previously to the drying oih 
not only is gri^il impermeability attained, but the fibre, being 
aaluratad with jioraf&n, is pre^rved from the sulteequeut oxida- 
tion which it would undergo under the influence of the atmo- 
sphere in the presence (^ the boiled oU alone. 

I should have wished to have dwelt at some length on the 
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interi-'sUng applirntinn wliioh lias beea made of late veam, 
esfM!cmlly ud the CoDtinetit, of another coal product, vliico,like 
moat of those wbuae origio is due to coal, haa rec«iyed maoy 
vftluaVile aii<l beaniifiil applicatiuns. The one I now refer to ia 
calte<l bisulphide of carboo, aud la applied with great success not 
only to th9 extractioD of fatty matters from various 8e«da aod 
frails, sach as olivo, linseed, ftc, bat in Algiers for extractiDg 
from flowers varions esfieDtial oils, ocnimonly called porfumea, 
such na esncnco of rones, lavender, jasmine, &c. I would mention 
also tlie useful appHcatiou wliich bisulphide of carbou receives iu 
the bands of Messrs. AUbriglit aud Co. of Binuio^btan, ia 
separatizig the comruoo phosphorus from the red or amorphous 
phosphorus, now applied to the ruauufacture of chemical lustclies. 

I cauinot coDclode my remarka respecting coal products, wlth- 
oDt Stating the fact that, since ISOS, many beautiful and valuable 
discoveries have been made in connection with coal-tar coloum. 
Dr. A. W. Holfman hnx suooeeded in obtniniug some magniticieut 
purplen, by a prooesR ns curious as it is h igbly svientific, aud such 
an rntfiht be expecte<I from so tnleuted a ohemiat. Since then & 
splendid green colour, called vci'dine, and which has the curimis 
property of retaining that colour in artificial light, vea more 
than that — of inorfa'fing in beauty in the presence of that light 
— hiuf bwu disov^Tod by M. Euscbe. A beautiful fast blitck, 
i-Huly nppliciible to the art of calico printing, has also beeu 
devised; aud liLsily, in the bauds of Messrs. Simpson, Maule, and 
Ntrbolsun, the welbknuwu culour called magenta, and a iMi-autiful 
blue called opal, have uot only been rauidi increasul iu buauty, 
bat their coHt of production has been materially reduced. In 
fact, at the present day, erery shade of colour is produce*! from 
wal Uir prwiucts; but the subject is too vast for me to 
attempt now to snter into details as to their mode of production 
And npplicatiou. 

I nuiit, though with regret, leave the interesting subjects which 
have reference to coal aud its products, and pass to another olaas 
of manufacture. The tirst of these has reference to the refining 
o/*upar, nud among the several ImpmvenientN which have been 
etfectcd in this branch of manufacture during the hub few years 
none is more important in ttB general bearing than that recently 
brought to the luitice of Iha publio by Mr. Alfrwl Fryer, <t{ the 
well-known firm of Fryer, Benaoo, and Foster, of ^jaucbester. 
This gentleman has pahlished acme valuable information on the 
oomposition of the sagar-oane juice, and the alterations it under- 
goes under the influence of heat and atmospheric air, and has 
conferred on the c«>lonies a great boon by iuveutiug an apparatus 
which will effect a great saving in obtaining sugarii. Mr. Fryer's 
experiment* on the cone-juice toach us that, iustoad of only 
extracting 49 per cent of the juice, as ia usually the case when 
the canes are worked by the old system, 61 per cent, can be 
obtained with a good Rteam engine having 3-t-incb rollers; and 
by pressing the megass a second time through the rollers as much 
as 70 per cent, can be obtained; and Mr. Fryer does not doubt 
that even hO per oenL may be reached, if more attention is paid 
to the pressing of the canes through the rollers. Mr. Fryer has 
also published some itilerefltiug facts on the action of the oxygen 
of the atrooephere on cnue-juioe. Thus he baa observed that tbe 
juice rapidl;i durkenn, ,-iud that this increase of oobnratjon is Dot 
only an iudicniioD tlmt the juice is nndergning deterioration, but 
that no amount of dvfacntiou will .lubscqaently remove tliLs 
colouration. He hiw further noticed that cane-juioe nipidly 
beoomes acid, and the acidity increases also iu a very rapid man- 
D«r. He gives an instauoe — a pattern of loo many others — 
where the juice, after expresiiiuu, Qowed down a spout SOO feet in 
length, from the mill to the boiling-house, occupying in its 
descent about half-a-miuuto. The anjouitt of acidity increoecd 
from too to 'ioS, and the colour deepened fourfold. 

Mr. Fryer has also publisliod sumc very interesting facts on 
the iulluDUoe of beat on the cane sugar, and I here extiact from 
a paper of hia the followiug facta: — "We now come to the boil- 
ing. All heat above l-Ut" Is capable of exerting an injurious 
effect. As regaixls the time, this effect is proj>ortionate to the 
duration of the heal; the continuance of any syrup fur two hours 
at any given temperature would cause just double the mischief 
which ivonid be pn*duce<l by its onntiuuance at the same tetn- 
penitiire for an hour. But as regartla the heat, the mischief 
increases about as Ute square of the difference from 140°, the 
highest inuucuous temperature. So at 16i)°, during any given 
time a oei-tnin degree of mischief would l»e done. To keep the 
same sjrup for the saras time at the he.it of IdC would give 
Bes Ibi- mischief; at :^l°, nine times; tlio difference of 



180^ from 140" being twice as great w that of 190*, ud that of 
200° being three times as great." 

This mischief consists parity in the change of colour, partly in. 
the change of a qunutity of cauo sugar or sucrose into frnctosAi] 
Both these kinds of sugar are present in all neutral aaccbariasl 
solutions. Sucrose ia the ordinary crystallised cane sugar; frue« 1 
tose exists more especially in some kinds of fhiit, snob as grapeSf j 
gooseberries, cherries, oranges, &&, which refuse to form well-^ 
defined crystals Further, I should remark that under the 
iuflucucu of heat^ as just stated, cane sugar or sucrose is conver- 
ted into grape sugar or fructoee, aud that the presence of fractOM 
interferes in a most extraordinary manner by preventing the & 
crystallisation of sucrow. Thus, fur eiampte, every particle 
fructose in a mixed solution detains from crystallisation its ownl 
weight of pure sagar. In fiict, it would be impossible, ailet I 
mixing equal weights of loaf sogar and fructose in a solution toj 
recover the former in a crystalline atnte. The change producedi 
by the atmosphere alone, without the action of heat, shows tho 
necessity of proceeding instantly to raise the temperature to tha 
boiling point, and the concentration should be ooutiuncd witboaVJ 
liMs oi lime. The temperatnre should not, however, be —=—- ■' 
beyond the lowest effectual heat. 

tVom the further end of the cylinder a pasty mass is dischargedgJ 
and, In couliug, it hardens into a non-cryatalHue bomt^eneotiH 
substance, likely to be long knowQ as Fryer's "concrete." Ital 
mnteriol is simply oane-jviice deprived of its vegetable albumen ' 
and water, and, not being contaminated by molasses or caramel, 
is admirably fitted for the operations of the refiner, aud nill, 
therefore, connnand his attention. This process is easy to oonduetj 
the upparatuit is simple and self-acting, not liable to derangement 
it performs a largo amount of work, and therefore proves i_ 
material saving to the sugar producer. I cannot conclude mj^ 
remarks on Sir. Fryer's invention, as applicable to the colonies, 
better than by repeating here the words expressed by the 
Governor of Autigua, who said, " 1 believe firmly thai yuu h.<fcv« j 
openeil a new era of pmsperily to onrcolouicH, and hcnrtUy wishP 
you abundant success in the course on which you have entered.** 
.•Vs tn the advantages which a sugar refiner in this couuin, will 
tlerive from employing Mr. Fryers "concrete," inHtead of having < 
to refine the molasses and coarse sugam UMuatty imported intoj 
this country, they are so obvious that it would be renlly a loss ofl 
lime to enlarge upon them. The saving tu the refiner in haWosT 
nearly pure su^'ar to operate upon, aud not having to coDteali 
will) the removal of coUur, converted sugar, caramel, and others 
impurities, will at once convince you of the impport and approbft* 
lion the article will receive from the sugar i-efiner. 

If, at the commencement of this lecture, I draw atteiitiun to 
the value of intense heat produced at a small coet, so as to enabl* 
our manufncturers to carry on their varinus processes, it now 
becomes my duty to inform you that uf late years the ck»ip pnvJ 
duciion and application of tow ttmperatureM has bectmie a neoe«-| 
sity, especially «ince organic protlticts have been mauufacturedl 
on an extensive scale. Three different machines for obtaining^ 
these low temperatures have becu brought to public notice — vis. 
First, that of Mr. Kirk, who bos applied in a beautiful manner 
some of the physical laws discovered by Dr. J. P. Joide and Prof. 
W. ThoniBon, in their reseHrches on the meclianieal theory of 
heat. Thus, .Mr. Kirk succeeds in pro<liicing a low tcmiieralare 
by condensiiBg under high pressura atmosplierio air, which, oti 
being allowed Co resume its primitive volume proiluces cold, for 
thn compressed air cannot resume its primitive vulunii* wiibontJ 
the cHttential element for its expansion, namely, heat; nud if the 
apparutua ia properly contnved, which is tbe case in that of Mr. 
Kirk's, the heat necessary for the expansion of tbe campreseed air 
is supplied to it by the body whose temperature is to l>e lowered. 
Althcngh the onnBtrnction of this machine is exceedingly costiv, 
still it lioa been einployeil at Mr. Jttmos Young's works at Bath- 
gale with great success, for tbe cooling of paraffin oil, to extract 
from it the solid pnraffin which it contains. The second app«- : 
ratus is that uf Messrs. HarriB'>u aud Co., of Loudon, who' 
emplny ether as the medium for producing low tempemtnres. 
The third is ihat of M. Oarr^ in my opinion the cheapest bud 
movt practicable appamtus yet invented for tbe purpose, the 
mnr« so that it is applicable for housebuld as well as for mann- 
facturiug pnrpuM>±t. Although I, like mituy ul you, have 
wituessell lite producliou of ice by it at the latcExhib'ilion, still 
I was not prepared to loarn that it conld be applied with 
economy Xo the extraction of some of the salts c^tiaiing in sea-, 
water. Still such is the fact. M, Ballard, a well-known Froncli 
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clietnUt, after iuau> .vearn' ttaily and labour, succeedeil m 
*-ktnictiiig from »e»-w^ter twu ptxfdacu, wLiclt play a moat 
iiii(jorttiiit imri in most of our large chemical works— viz. 
anlphaUiaf auda ami clitorJUonf puusBium. To produce tlie finit, 
uuder nrdiuHiy ciicuiiiiitHiia^i, exUuslve works are ru((iure't, 
siii'li flB are fininil at St. Uelcu'a, uid ^'eweastle-uiwuTjue, 
whi^r* liioiwauds of toiii of coojinoa salt aw noted on oy vitriol, 
wliich givtm ritw to unirintic ncid and MulpltAte of swla. As to 
the tstiltd of )ioUisli, till- frcuuti ma wutl an oiiraelves art; dcpi'ii- 
■1 ut fi>r it iipou the fureHis of ^usaiit, auJ tbu native forest of 
('simdrt. By M. BAllai-d'a discovery, France will free iteelf froiu 
t\ d6|>enJeii<w upon fui^i^n suppUea fur the potaabea ahe may 
rcii'tire, ah well an the siitplnir, and will alao do away with the 
)>(]i>l)c UDifiiiacw, namely, the couvemion of ct^iumtm salt into auU 
I>hnte of smUl Withuat entering here into debiil*. let lue state 
tVat M. Ballard D|>eratefl aa follows: — lu the early piirt of thti 
Kjiring seoHAn, ctinsiderahle quantities of eea-w»ter fiom the 
Meditenaueau are run into large uliaHow rebervoirs. lu the 
tanimtT senaou the water «vaponit«a, & certain propoi-tion of 
conimou anil sepaiatos, and the concentrated wnt^r i)i stored iu 
other rcwrvoirw nutil winter, when it is again allowed to Cow 
liack into the Bhallow reservnirs, where it yields, during a ooKl 
night, thouaunds of tuuii fif Huljihale ofaoda. 1'hu molhur lit|iioi-B 
fiitm which theaiilphatcof seda has separated are allowt-d to tluw 
iiiuj Carre's nppanituii, where they are Buujecied to a coinjwra* 
tively iDtenaeculd, and yield large <]iiautitiea of a duuhle chloride 
of mngneaium and ixilaaainm, which, on being suhj(*cle(1 
to heat in a furnace, gives hydrochloric acid, mugne&ia, and 



Bt-fure eadi o|iemtJna iucliiiD ili« apparataa harlxontally, &Ui| ' 
maintain it almut ten minutes in tiie p<»iiiit>u represeuied ill ' 
Tin- I. Phioe the bailer A (Fig.2) in the fumaws-and then) frigera- ' 
tor fi, in a buck^l filled with cold water, m that the •uniuit uf 




«!iloride of potassium. Tliis application of CarK''« apparatus, ]u 
this instance, shows the aimplicity and praciicabililv of it. It Is 
based on rather a difTervut irriuci)i!e to those of Kiric and Iliirri- 
»ou. To obtain a low temi>entture he applies heat to a vesttol 
which contains a ntnrated solmion or aoinmniacHl gns. This 
drives off the gas, which i« ninde to pnsa into a vesael aurrounded 
with cold water, when ii liquifi** ilaelf by its own pressure. If tlicn 
the heat be reiucved from under the solution, ita temperature 
will gradually fall, and it will become again auaceptible of 
re-alMorbinj{ the ainmoniacal gad, thuii &cilitatiug ila evapora- 
tion from the vesael in which il has condended, and aa it is ueces- 
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ftiry for the passage of tho liquified amraoniacal gita into its 
giMOua form that it should abeorb the heat from the surround- 
ing medium, let it bo water or any other fluids, their tempera- 
ture will gradually decrease. The following diagrams will 
ejiphun better the working of this invention: — 




the refrigemtor be covered with two or three inches of water. 
A timal) quantity of oil U poured into the tube which la plaot^d 
in the upper pait of the boiler, in which also a thermometer is 
placed. The api>aratus is heated modemtely until it r«aofa<'« 
266*. The api>nmlus lb then removed from the Gre, nud the 
boiler is pjac<-d in the bucket of ci>ld water (Fig. 3.) The hole of 
the refrigerator being stopped with a cork, and the tin vessel sur* 
rounded with alcohol, h.tving previously nearly filled it witbj 
wnler, the ooogelation tiikes place by tho evaporation of thA| 
liquid ammonia In the condenser. 

1 cannot end without calling attention to a very ingenious 
mode, deviaed by M. Felon, for uarming railtcay carriage* during 
onld weather. You are tuo well acquainted with the pit^i>«ni 
clumsy and expensive niethod now iu utie to require any (iescti|>- 
tion from me. The only remark 1 shnll make upou it is that it la 
the boon uf thoM who are in lea^t need of it — namely, firsL-d-iivf 
pMseugerai whilst those of the eecuud and third classes have u->i 
Uuit luxury supplied to them. 1 shall not attempt to descrite 
the various methods which Imvo been proposed as Hubstitutea for 
the one at prt-acut in use, but shall at once state tliat M, Felon's 
method in based on tho conversion of foroe into beat, the heat iu 
this case being generated by frictiou. All those penoos who were 
furluiiate enough to visit ihe French Exhibition in 182.5 munt 
have been struck with a machine invented by Meaars. Mayer and 
Beaumont, which geuerated enough beat to convert water into 
steam, and thus obtain a motive power; and this was d9ecte>l 
without fuel or electricity, but by mere frictioual heat, which 
thev obtained by causing a wooden mandril aurrounded 
with tow to revolve with great rapidity inside a copper cylinder, 
which itself was surrounded with a small quantity of wutcr. 
The great merit of the invention of these gentlemen, and which 
drew upon them tlic spL-ciul altcnliou of the Km))uror, was that 
neither the towed maudril, nor the copper cylinder were uau- 
rially injured or detetiorated after mauy dny's working. Thi^ 
imporlnnt end waa attained by them by allowing a gentle fiou 
of oil to run constantly through the cvliudcr, thus preventing 
immediate contact between the towed mandril and the copper 
cylinder. In fact, the frictioual heat was produced through the 
friction which took place between the particles of oil themselvee, 
pteventing thereby all wear and tear. Notwithslandine the 
ingenuity displayed in this invcntiou, still aa a means of oXtaiu- 
iug motive power it was useless, for more force was required to 
generate au amount of heat than oould be yielded by the friction 
of the particle* of oil. But in the application which M. Felon 
baa made of thU invention to the heating of railway carHagw 
the motive power required to generate the heat being produced 
without cost tu railway companies, as It ii caused by the very 
net of the travelling of the carriages themselves, the cause whlcl. 
accounted for the failure of the principle as a practical mecham 
cal appbcation, namely, the production of the force required to 
work it, is overcome. M. Felon proposes to 6x oneotMeMre. 
Mayer and Beaumont's mnudrils under each railway carnage 
com(}artmoQt, and to convey the heat produced by the rcvolu- 
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tiou of llie towed tnAudrU to tlie coiu)4irtmeut itaetf by nieaos of 
raetullic comlucitDg aurfacea, which in th^ir liiru wilt heat tha 
ntmoaphero of the cominrLmentfl. We abfUl, I am happy to any, 
within a year or two know if M. Peloo'a iDvpotioD will b« oapa- 
hle of gautfral adaptalinu, m it is dow beitig pmctioUty ttisted oo 
one or two of tha Freach railwaya. 



SUGGESTIONS FOR IMPROVEMENTS IN BLOCKS 

rOE LOWERING SHIPS' BOATS* 

By li. O. Fawcdt. 

Mast accidenta happen Id lown-iag boats at aea from a ahip'd 
aide, owing to the dithc-ulty of uDb(»»kiitg the lower bloiiks of 
Itoala' tAckle when there ia any weight or Btrain on the hook. 
Cue of the»e suggeatiHl improvomeDtB is the replacing the hook 
<»f tho ohliDBry aiuele block by a cmaa pin, formed oy au eye- 
bolt Eolliog from n joiut on the shell, uid Htiiug into a cnp or 
Docket with .in npeniiig nu one iii<lc, an the ruil nf another bnr. 
Thene move'Wtwetiu the sbells of the block beluw the thtiviw.nnil 
tho cup or ftjcket ia turned by a lever, tike the handle of a vice 
Mcrew. As this lever le moved it turns up or down tho o|>eitiiig 
on the side of the cup, and ao aecarvs urdiMJiignges the end of I lie 
bar, which fniU by the preiuure of the weiglit anspended. 

The end of the lever can be secured from the effect of blows, or 
ftocideotfd catching against anything with which it may eorue in 
i>mtact, by being placed iu an eye, with an openiug on one side 
formed on the Lead of the sheave pin, and seeur^ there by a 
keep'ring turning round to the closed aide of the oye. 

The second arrangeniont snggeeted is an improvement of the 
principle of the tewing book used by the tug steamboats on the 
Tyne. This consists of a trip hook working on crous beartuin, on 
one of which a lever is (ittcil like a crank, between the shell and 
binding of the block. An elbow-shaped lever with a boMed hole 
near the clhow works round the sheave-pin between the shell and 
strap, which are kept a]iart on one siile, to leave a M|faoe between 
for this purpose. One end of thi« bent lever has a catch to secnre 
the end of the crank lever which moves with the hook; and when 
the catch is mited, by putting npwards that end of the elbow- 
shaped lever, the hook either disengages itself, or the other end 
of the elbow-shrtp<'d lever forces forwai'd the upper end of the 
hook lever,and so frees the hook, iu case it should be held by any 
cause, and not give way to the pressure acting on one side of the 
hook with the Dearings on one side of the centre of the block. 
The movement ia also assisted by the cx|HUi(ling curve' uf the 
book. The sides of the o|)eniuga in the shetl form guides, nod 
prevent any dntguing on the hook point, which Is also rounded 
ulf to ensure the slipping. 

At the Ncwciuttle mneting of the British Aaaociatioo in 1863, 
there was exhibited a method of constructing boats, so that 
several of the H:ime size and shape could be packed together 
indiHcriminntely. Some further improvement* nave been made 
ill the GtlincB, and have nrceiitly been siibmilted for the conside- 
ration of the Lords Comniifoioners of the Admiralty. They 
required snme plan " to bring the aides of the lower b-tat together, 
to enable the thwarts to m freed in the event of warpiD;< or 
alteration of shape, consequent on expt»uro tn a tn»pic«l heau" 
A tapered pin, to fit into iron plntes with double and siiij^lc eyes, 
placed respectively on the ends of the sents and sid<-s of the boats, 
was suggested as a remedy, and with a view l« prevent these 
alteratious of shape. The following additional strength en inga 
were suggested: — A strong iron strap was 6tted like a timber on 
the inside nf the boat where the centre of theseat-end met the side; 
this strip hnd a solid eye formed un it to 6t a corresponding 
doablo or single eye formed at the end of the plate on tho end of 
the seat, in addition to filling-in pieces between the timbers for 
the aeata to rest on. The top planks were strengttteueu by strong 
gunwale pieces ou each edge, with strong tilling-iu pieces between 
ihem, pUcttd opposite where the ends of the seatfl are fitted to; 
these pieces were fastened tn timl>rm, and were further secureil 
by pistes on the oulaide bolted through Iu the ioaide strap. Id 
connection with thefte wero rings and eye bolts, for lifting or 
aecUring the boats, as it was cnnnidered that the system of 
lifting boats bj the extierae enda, and lashing them down in 
the middle, aggravated the tendency boats have to expand or 
drop out. 

Tlie above arrangement is available for lifting the boats by the 

' Bwl bribrt Iba Brttkk i^ortsllns. 



Bidea,and substituting rigid bars instead of laahiogs, the bars thus 
snpftorting the top sides of the boau instsad of pulling them 
down. It was suggeHtod that new boats previous to conipletion 
might be better pre| ared ti> stand the effect of change of climai« 
by beiu^ seasoned, by gradually heating the inside and lubricating 
the outMtde, a coating of lime being applied to remove the tubn* 
cation and further eeasoa the boats, while they could be firmly 
secured by strong fraraiog DDtil their tendency to aJler Ibeir 
shape was exbaitated. 



ON SUGAR-MAKING MAC1IINEBY.» 

By Perrt F. NtTRssT. 

Trr an age when knowledge was power of a tyrannical and 
oppremivc character, it was tolerable that a veil of impenetrable 
mystery should bo drawn around ttie early gemiiuatiooa of 
seienoe by her bigote<I votaries, sod that the pursuit uf know* 
ledge should be alTowod only to the ffv, while the lunaa wandered 
igiioniuily on id mingled terror and admiration. But it is not 
tolerable that in our day any system of pmctically applied 
science should be designedly mystified and jealnnsly gua'ded by 
a few uoiii>)in|i8t«, or that in any branch of manufaotnre & 
Bpeeial limiiJttinn should tie observed, IpbI perchance a ray of 
light the more should gleam upon the path of the inquirer in his 
search for pi-MOticid knowledge. Nevertheless, that such Is the 
caae is the ex|it*rieDce of many who have fmillcsaly sought for 
loformatioD up. n the subject of the present paper. Tlie well- 
Itnowi: secreay observed by those engaged in the manufacture 
Ixfth of sugar nud su^r machinery has undoubtedly given an 
advantage to a few engineers whose charges and whose wurkman- 
ship are not always what they might be if a moderate amount of 
orimpetitioD were intnMtucoil; but to the many information has 
been peculiarly iuacceasible, owing to the scant and often vague 
and dettiguedly mystified way in which the mechanical part of 
the subject is treacad in the few articles which have been written 
uiion it, and owing also to the difficulty— nay, impossibility— of 
obtaiiiiug particulars from those who poMseuH them. But the day 
of crafts and my^tteries has wellnigh passed away, and althoagn 
tho sugar faction may be the last to yield to the nnivetsal 
demand for knowledge, yet the time must oome when tho bar- 
riers of their cKcludiveneas shall be broken down, and the 
weakneas nf their strength become apparent; for, after all, the 

groceas of sugar manufacture is a very simple matter. To Mr. 
iurgh is due the cre<lit of having published the first practical 
treatise on su^ar machinory, and this, too, in utter disregard of 
the susceptibilities of the sugar faction, vitli which Mr. Bargb— 
to use one of his favourite expressions— was doubtless " prao- 
tically acquainted." The author's materials, however, ware 
gathered before Mr. Burgh*s work came out, or possibly tha 
present paper would never have appeared. The difficulty ex- 
perienced by the author in obtaining tDformalion opvn fclM 
subject iuduced him subsequently to extend his researches, and 
ho has gone with some care into the matter with the view of 
submitting tho i-esolts to the society. A greater delay than ho 
aiitidpate*! has occurred in the production of tho paper, which, 
liowfvor, it is hoped may lie found to contain some useful in- 
foiiuiiiion upon the manufacture of sugar itnd the machinery 
employed therein. It is proposed to notice briefly the history of 
BUgar, iu varieliHS and ita chemirtry, and, at greater length, its 
manufacture, under which head the various mechanical ap- 

Eliances will be considered, and estimates of machinery will also 
B given. 

The author then proceeded to give a general outline of the 
history of sugar and its manufactory fixm the carlietit times. 
Ho then enumerated and described the several rariclieH of 
sugar. Id a third section he noticed the subject from a chemical 
iwint of view, after which he observed that the manufacture of 
sugar from the sugar-cane might be classed under four beads :— 
1, culiivatioD of the cane; 2, extraction of the juice; 3, pariS(»- 
tiuu of the juice and its ooncentration; and, 4, its erystaUisation 
or granulation. 

I. — CuUivaiion of the Cane. 

Cultivators distinguish three great varieti'^s of canes — ^tbc 
Creole, the Batavian, aud the Otahvite. The Creole cane is in- 
digenouB tn India, and was (rauaplauted tiienoe to Sicily, the 
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Ciiiu<7 Ulei, Die AnLilles, Sodlh Ainericn, ami tbe Wnt Indies. 
It has diirk greoQ leaves, anii n tbio but very kuotiy au-ui. Tho 
Bfttavimi or striped c&oe, whicb hns a dense fuliage, and is 
c<ivcr«il with purple stripes, is a native of Java, wliere it is 
oliiufljr cultivated for the tnauufjicture of ram; it ts also met with 
iu some parts of the Dew world and the West lodiea. Tlie Ola- 
iiL'ite variety grows most luxuriantly, is the most juicy, and 
yields the laivest product. It is cultivated chiefly in thu West 
luilies and Souih America; ii ri|ieiu iu t«u uioDtha, sud is 
hardier than the other varieties. 

The sugar-cane beiug ohgiually a bog pinnt, reqnires a moist, 
nutritive soil^ and a hot tropical or sub-tropicnl cliaiate. It is 
prn^Mitnited by slips or pieces of the Htern, with buds on them, 
aad about i feet lone. It arrives at maturily in twelve ur 
sixteen nionlliti, aecordiog to tho teiupcrature; the Iciivcs fsll off 
towards the followiug season, and the stem acquires n straw- 
yellow ouluur. The cane is cut by some plnotera before the 
rlaworitig season, but it is uiure usuat to cut it euuie wtwka after. 
The plADtatiuiiH are no arranged that the vaj-ious divisions of the 
field nisy ripen in sni'^cession. The laud ihuuld be itipptied with 
niannre rich in niCmgeu, but not coDtainiog tuucli saline matter. 
After the bhr\*est the rtKits strike again, and produce a fresh 
cjv.p of cause; but \a about stz years they require to be 
removed. 

The time for catting the cane varies vitb the soil and season, 
and the ditfereut varieties of cnue. In a state of mstitrity the 
oAuen lire frofa 6 feet to \5 foet iu length, and from I| inch to 2 
inchot in diamettT. The UHUid signs of ujatnrity are n ilry, sinrmtli, 
briltle Aktii, a heavy cntie, a grey pith, and sweet and gluiiuouD 
jotce. Caties should be cut iu dry weather, or the juice will be 
found diUitefl with an excess of water. When uut lh(-y are tiud 
np iu bundles, and conveyed to the crushing mill, parii- 
ftqlar attention being paid that the supply sbonld not ex- 
ceed the demand, otherwise the cut canes would ferment and 
•poll. 

The augar-cnue grows from pieces or slips of itself, oantainiug 
germs, and these develop rootlets at the joints, which draw 
HUat<>uance to the yonng shoot as it increases. In the course of 
time the buds in the radicle, or riMit-joiuts of the first cane, 
throw out routs, and form a nitlicle for a eaooud stem; and iu 
thiswKv. under favourable circumstauoes, Beveml canes are pru- 
t^uced frmn the parent stock for a period of about six yean, and 
sonietiiues (or several more. They, however, Uimiuisli every 
yetir in length of joint and circumferenoe, and are inferior iu 
a|i|>esrHnoH to the original planti but they yield richer juice, and 
produce Kn«r sugar. Opinions vary as to tho distance -c-tnes 
should bf plnnteti from each other, eone pUuiters recommending 
6 feet, others S feet, stid others again 10 feet spues; but Uie 
ayi^tetn of wide planting is gradaaJly siifwrsediug the old uIum 
pinnting, with great advjiutagc to the cultivator. 

One vatiety of cada much cultivated in Jamaica came from 
Omheite. AVitb a Uvuurable siiil and good cultivntjun it gntwM 
lu a height of 12 feel ur 14 feet in the first year, being 6 inches 
io cironmferenoe, and bnviug joints 6 inches apart; they will 
pmduoe i\ tons lu ^ tons of dry sugar per acre, but a good 
average is 2 tons per acre. The China cane is very hardy, 
atandiug botb cold and drought, and with plenty of rain giviug 
out as ojaay as thirty shoots. The Sangalore cnne is cousidt-red 
the finest in the straita of Singapore, or, perhn):>s, in the world. 
It has been known to produce 7ion lb. of undrained sugar per 
acre, equal to 6600 lb. of dry sugar for shipping. Dr. Livingstone 
attttes that sugar is euliivated^in the Shire Valley, as well aa in 
many parts of Africa near the Zambesi, and may be had for 
as tittle as one halfpenny per pound. 

Dr. Evans gives the products of ao acre of caoes in Barbadoes 
as— 
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At) acre may be eaid t>< yield 3u tuns of uaaes. Tbe follawmg 
table gives the produce In juics aud sugar: — 
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This suppoeee the juice to stand at 10 deg. Deanoie; at the 
same time all the numbers given are above the amount actually 
obtained in practice, which it is very diBicuIt to asoertmn. But 
a very fair specimen of the yield per acre is -1000 lb. of sugar, 
and 170 gallons of rum 20 per cent over proof 

Of the IH to S2 per cent, of sugar in the cane, it is generally 
believed that only 8 is obtained crystAllised. If only AO per cent. 
of the juice is taken from the cane, aud 30 still remain in it, it is 
dear that three-eightha of the sugar are taken away in the 
niegaas and burnt as fuel. The value of sugar to the planter 
cannot be far sliort of .££0 per ton, and he could procure coal at 
an infinitely lower price. But U>m as this seems, it would not be 
HO Impurtaot if the oshcs of the megoss were thrown on the soil. 
The climntes which grow sugar grow ligneous fibre rapidly, and 
il is well to use it for fuel where possible. But the soil should 
not be depriveil of its iliorgaurc constituents. 

Our West India sugar manufacture, as a whole, appears to be 
in an unsHtiafactory state, and the depressed condition of our 
colonies hss been referred quite as much to the defective culture 
of the cane, and the injurious methods of expresidng and evapo- 
rating the juice, as to political causes. The land has been very 
im|ierfectly worked by hand hocinc, and the expressed oanes 
instead of being returned to the Innd as manure — for which they 
are as eminently fitted as they are practically necessary — are 
used as fuel In evaporating the juice. Tlie cheap rate at which 
coal can be obtained from Great Britain makes it desirable that 
this practice should be abandoned, and the cane trash or megass 
put In iUi legitimate use. The manufacture has been uunided by 
the application of those mechanical and chemical means which 
have 8>i prospered European enlerpriie, and the unimproving 
planters bnve drawn npno themselves those pecuniary ditliculties 
which must result to thooe who insist upon standing still while 
others progress. If from beet-root 7 per cent, of refined sugar 
can be extracted, it is not too much to expect the same skill to 
prodnoe 10 per cent, or 12 per cent, from tho sugar-cane. By 
improved methods of treatment the planters in Java and Cuba, 
and lu some few instances in our own colonies, are extrnctiug 
aud sending to market 10 per cent, to 1 2 per cent, of raw sugar 
from the 100 lb, of caoes. This result of the e-mploymeut of 
belter machiuery, and more refined chemical applicatious, is a 
striking comment upon the West Indian prsctice, whereby of the 
IH per cent of sugar contained in the. average cane juioo, not 
mora than 6 per cent., or one third, i« sent to market in the form 
of crystallised sugar. This loss is accounted for by the fact lliat 
of the 90 per cent, of juice contained in the cane, only 50 per 
cent, or 60 jier cent fa expressed, oue-third being lelt ttt the 
tnegasa, as Wfore noticed, and used as fuel; by tlie Iom of one- 
fifth or more of the auvjar in tbe jnic« by Imperfect clarifying, 
aud in skimmiuM; and b^* the orystallisation of only from one- 
balf to two-thirds of the juice wh^n boiled down and sec to cool, 
the rem.ainder running off as molasses, and although ihe»c and 
the skiuimingB are fermented nad distilled for rum, there is atiU 
a coiiaidemble loaa.. In the interior of Java, where fuel is scarce, 
the molasses is worthless, but in the West Indies it is a markei- 
ablo article, and may be distilled with profit. 

Tbe obieot of tho ooloiiist yjgar-boiler is to convert the juice 
as speeilifv and with as few oiieratioDS as possible into raw sugar, 
hence he has shown but little care for improving upon tho old 
system of manufacture, which ia attended by loss at every stage. 
While science has been activelr engaged in perfecting the mauu- 
fncture of beet-root sugar, she has unUl lately done comparatively 
uoihing for that uf cnue sugar; but now that attention has been 
fairly given to the matter, it is found that much of tho beetroot 
apparatus is fitted for cnne sugar. 

The means by which a better result is to be attained are, 
undoubtedly, the use of improved cane oiills, whereby 70 per 
ceut., and even 75 per cent., of the juice can be expressed; of 
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iiflprnveJ motltoilt nf cIoi-ir>'iiig, — of chafyial fillers before boil- 
iiitf, which Kuperac'Oe flkiiniiilii^ i>f al<>»m ami vacuum Utiler;^ b^ 
WMich hitniiiijE '» |H"ereiited ftuil mpiJ cooceolration iDcfTected, — 
of CLMitrifiifftU {li-.iinci's to dry the 8(i;rnr sjioi-Jily and save Uie 
iti'iUssM, — iinrl of cial or wood aa fool where the m»gius is 
iiisoffideat for the purponr. 

n. — Extract ion q/" the Jultx. 

The sugar exi«u in the cel)» of the &iru in a alate of etilutton, 
auii U extracted therefrom br prc!u*ui-e. Like as willi ulher 
brauchoa of indiittrj, acieiioe h'ui nf Ixte /ears atei)ped [u here, 
and greaily faciiitAted the process of oxtnictioD and oianufacttire. 
It way be as welt to give hei-e a summAry of the proceasea 
employed in the ^t'ep:ir.tti->i) of niw su^kr. The cnneH are passed 
thriMi^h the mill, aud the jutoe thus oxtracted fi-otu them runs 
into •( luuk, whfiioi! it 19 pumped mtn ci^leciii fur supplying the 
danfiera, heited by Hte-im, where it in purilieil. Knuu tlieiice it 
P< pin into bi^ lilten, by wliich the meohnnicil i[u[>tiritiort arc 
rfiiiovisl. It i^ ttieu run iuto chnnxitil ftUi^'i's, l<> remove the 
ooluiiriuff matter of the juioe. The tillered juice is then run ulf 
into tauKi^aml is dniwu llivnce by vacuum tuto the vaouuiii-jKiu, 
where it is granulate*!, and fn^m whence it is fiually iliscliarj^'ed 
for packing. When the steam clai-ifiurs are not employed, the 
cnnc juice is run into a serie.s of pans or "teaches," over npeu 
tiies. This apparatus is sImi kaowu as a " battery," and forms 
another method of piiriticatiou. 

Th« origiiKil crushing apparatus of India was a kind of 
squeezing iiiortur, made uut of the hollow trunk of a tamariod 
tree, and worked by a yoke of oxen, the pestle or ataiuper being 
a slroQg beam L8 feel loag, and rouoded at the bottom, so as to 
sqneese or cruAh the canes iu iUl> mortar. MilU similar to those 
a»ed for crushing oil seeds were used — us wtrc alio sevond other 
forms of apparatui — before rollers were introdiu'cd. Stone aud 
irou rollers were tirst used, with the axes iu a vertical positioo, 
but the horizfintal wa»i (tnoii found to be the more convenient and 
economical. The i'ltporUmcc of a Bystt>niatic meclmnical arraoge- 
laeot appears U> have awakened ntteuUoQ during the reigti of 
Charles II., for iu 1663 Ix)rd Willoughby aud I^awrence Hyde 
(second sou of Edward, Kirl of ClareQ<lun, Hiuh Chancellor of 
England; associated themselves with one David de Marcato, an 
iaveulor, aud oblaiucd a patent for tweoly-oue years for makiug 
and fremiug sugar mills. In 1631, John Tiz.\ck pateottKl au 
engiue for milHug aagar cane«, &c.; bat iu this, as in the previous 
caae, it is not specifietj how the mill should be made. Later on, 
ill 1721, William Harding, a smith, of I^udun, who bad been 
many years in Jamaica, and was skilled in the mannfacture of 
sugar mtlh, having observed their imperfections, bow that tbey 
were c'ueSy made with Iiirge woodeu cogs cased with iron, 
eudsavoared while abroad to improve their coDStructioD, but 
hdled for want of oompctent workmen. On his retam to London 
he made models uf eugir mills, which were approved of by the 
Koyal Society. Tltene mills were fitted with cast-irou rollers and 
ow wheel gearing, and were worked by water power; frotn de- 
Bcriptiou they aii^war to be the type of mills of the present day. 
Some forty-five years later, Yongo and Barclay, iroufoumlors, of 
Allhallows'lane, City, applied frictlou wheels to sugar mills. Iu 
1773, John Klftniug, a mill t'Arpeoter, proposed an arrangement 
of wiodmill sails, which turned a veriicid timber shaft shod with 
iron, aad which gave motion to two hard woodeo rollers, between 
which the cane was guided and squeezed. In 1S07, H. C. New- 
man, of St. Ohriatopher, Wet't Indies, deiiigned a mill to be 
worked by horse-power. He used cog and crown wheels to give 
uiotion to three vertical rollers, and the arrangemcDt waa cou- 
stdered one which greatly augmented the p^wer and execution of 
this class of niachinory. In 1821, John Collinge, of Lambeth, 
improvei) cast iron sugar mills by casting the rollei^on wronght- 
iron shafts, instead of keying them on as previously done. Iu 
1H40, James Robinson patented improvemeuta iu sugar mills, 
which cooaisted in using four rollers, one largo one and three 
eraaller ones beneath, pUced horizonUilly, aud gearing by cogs 
iutoeaob other. Up to that time three rollers only appear to 
bare been used. He also proposed to use six rollers, which are 
f«l from an endless band pnsaing over the rollers. He cast the 
mlleni and shafts iu one |>ieoe, cored out to admit steam to f:u;ili- 
tnte the eziractiou of the juice from the cane during crushing. 
H<- also proposed to tin the interior of vacuum jmna, &,c. Various 
other arrangements have been patented, but it is unnecessary 
here lo enumerate, much less to describe tbem. The foregoing 
examples give au idea of the progreas of the subject during 



nearly SiX) years. Tlie last ten years have seen rapid strides 
ma<le in improving the make of mills, aud the general arrauge- 
menta of sugar wmka 

Befiire proceeding to consid'-T the mills at present in general 
nsc, it will he a^ well to notice Boasemer's cane pnwu, which 
entirely dispenses with rrjllcm, lo (he use of which Mr, Bessemer 
objected on the ground that the time allowed by tbem for the 
pressure on the cane was too short to displace all tbe flaid from 
the congeries of cells In which it was stored, and that, moreover, 
the amount of pressure on different parts of the cane is unequal, 
since the rtnd and knobs are harder and more woody than llie 
rest of the cane. Mr. Bessemer'* pross consists of a crank shaft 
with three tlirowa upon it. an oscillitting steam c>'liuder, and 
solid piscons on plungers 6tting in gtin-metal tubes, winch ai*e 
|>erforated by sm.'ill holes, the interior orifice of each \xo\m being 
Binalter than the exterior, to prevent choking up. Above the 
tubes are h-ippcrs. down whicli tlic canes pass vertically; and as 
the plunger makes its stroke in the direction of the crank, the 
end of Lhu plunger eiitti off ironi the cane a piece equal Ui th« ' 
hfiglifcof the tulje, while itM fuiiber progress f'Tcea the newly- 
cui in)rii'>n agaiuHt a moss of already crutnied cane, whereby the 
greater part uf the juice is furced out; but as the cine coulaiua 
solid matter, the plnnger, in ftnitihing the stroke, mmtt force the 
whole m.iss of cru:«hed cane forwattls a distance equal Co that 
occupied tiy the solid portion of the newly- interposed niece, which 
uiriveuierit of the mass displaces at the open end of tlie tube an 
equal porttun of the mass which occupies it. During the cutting 
off and pre^aingof this juice the plnii^^f-r will have moved forwitru 
under the lioppcr, and a portion uf the cane withiu it will have 
fallen down within the tube. The reverse motion of the plunger 
also cuts n(f a length from it, and forces it against the mass of] 
cane tniah, expressing the ciue-juice as before- In this way tb9 ' 
reciprocating motion of the plutiger acta on two pieces of caue at 
every stroke, and a similar operation alao takes place at the asme 
time in as many tulies tm m.iy be placed aide by side over the 
cistern. In this cistern is a self-regulating beating apiiarmtus, 
for raising the juice to the teropemtnt'e required fur defacatioo 
within two minutes after its expression. The cane trash is pro- 
duced in a condition favourable fur fuel; it (alls ui>on a carrier, 
and, after being conveyed through a drying apparatus, is deli vered 
at the furnace door of the eraporaling pans. It is stated thai 
the juice obt:iined by this method la larger in quantity, lea» 
dloured. and more free from small broken frngmeDts, than whea 
the prtissure is performed by mFVuis of rolletv. Tins prees^ , 
however, has nut come into general favour, its ailoption iieing 
very limited. 

Wind baa been very muoh used as a motive power for driving j 
the cane mill, btLt it is obJL';;t ion able on account of its irregular 
velocity, which renders it inferior to any other deifcription of 
power for crui^blug. It has been ascertain e<.I, by comparing the 
rosidia from forty four mills in Guadnloupe, driven by different 
kinds ofiHiwor, that witli wiudmills of inferior construction the 
cane mills produced only 50 per cent, of juice; with the ordioary 
windmills the yield was 56'4 per cent.; animal power gave S6'5 
per cent.; water power averaged fld'3 per cent; and steam, 61*8 
per cent Beceut improvements have, however, brought the 
yield up to 7.'i or 80 pvr cent. Steam power, therefore, is coming 
mtn general use for cano mills, and many improvements hav9 
been effected in engines specially constructed for this eUaa 
of work. 

The sugar mills generally employed are of three descriptions 
cbietly — the horizontal roller mill, the vertical roller mill, and 
the hydraulic press; the latter has however received but very 
limiled patronage. The vertical mill has the advantage of beinff 
more easily cteaued than the horlxontal, but is leas easily fed, 
and is more costly in construction, than the LorizoDtal time- 
roller mill, which is the form of construction usually employed. 
Mills have been constructed with five ami with four rollers. In 
the Qve-roller mill three are placed below and two above. It is 
considered that this mill will extract 10 per cent, more juice from 
the cane than the three-roller one; but the megaas is therebj 
much broken, and a much greater power is required to work the 
mill. In the four-roller mill, where two rollers are placed above 
and two below^ the driving power is not much greater than that 
required iu the ordinary threeroller mill, and a auperior amount 
of juice is obtained. It is therefore probable that the foor-roller 
mill will gradually supersetle those now iu general use. 

Acaue mill of improved ci>nstructioD for ordinarr use conaistft 
of a bedplate of caatirou, wsighiog ujt less than 2 tons 5 cwL 
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It u cant with a eoaeave bottom, to receire the cane juice, and 
hka n delivery cost ou tlie side for di»ctiargtiig Uie juice iato the 
tauk, wheoce it is pumped to the cUritiera bj the pump, wliich ia 
workeit from a cnuk od iho Bh&ft of the upper roll of the luill. 
Fitting Btrifis are cohI ou each siile, nod faced to receive the aide 
fratocs. The bedplate ia bolted dawn to the fnuodationa with 
four 3^-tQch bolU, passing through the aide frames, and held 
down with plntes anu kejrs, and also with four L^-inoh holding- 
down bolta, 6 ft. in. long. The side frauee are of ca«t-iron, 
and weigh not leu thaa 36 cwt. each; tbey are cored through to 
receive the bolts, and are cast with bosses for adjusting screws, 
3^ inches diameter, hy which the apace between thu rolls is 
regulated. The upper roll U distant from the two lower ones 
about one-fiflh to oue-<]uarter of au inch, The frames are accu- 
rately &i»d at bottom and fitted to the h«.-<lplate. They are held 
down by the bolta, which altio hold down the contro caps of the 
upper rull. S|ini.*e.i are left in the frames ^) attach a triuh-tunier, 
which is placeil between the two lower rolls, and under the top 
one, to guide the cane between the upper and second tower roll 
Opening* are left to place the rolls; and cast-iron lilling-up pieces 
are provided, aocurately fitted and held in plaoc by dingonat 
bolts, ti inches in diametur, A wrought-irou feeding table, and 
wrought-iron ueeaM delivery, are provided. The three awt-irou 
rolltt are each S ft. S in. diameter. Each roll should weigh not 
less than 3.1 cwt., and be rough-turned. The two lower rolls are 
cast with flanges oq the outer sideM, to prevent the cane-juice 
apreuling beyond the rolls. Kiich roll is cored 8 iaohes B*)uai^ 
through the centre. And ia hung with eight keys to the shaft 
Wrought-iroa rings are shrunk on to the shafts outside the rolU 
to prevent the keys starting. The ahnfts are of the best wrought- 
tron H inches Nqu.ire, with 7-iuch journals, and have squnre ends 
for hanging pinions to connect the roLla A clutch box is caat on 
the pinion for connecting to the intermediate abaft. The boar- 
iogs are of the best gun-metal, accurately bored, and fitt«*l in the 
aide frames with a flange on each side, steel plates are fitted at 
the back of the bearings tn receive the thrnst of the adjusting 
•crews, which are passed through spaces in tha side frames. 
Three spur pinions, each 2 ft. 2 in. diameter, 314 pitch, and 
8 inches hrood, are hung, e»ch with eight keys, to the ends of the 
roller shafts, to connect tlie rolls for work. The iutormciiiate 
■haft is of cnst-iron, 8i inchen R<|uare, ii^ inches wjunre at each 
cod, nod is concected to the tfhaft of the upper roll by a square 
clutch box, and to the iuteimcdiate gearing by another squAro 
clutch box. The intermediate gearing consists of a spur pinion 
1 ft. in. diameter, :M4 pitch, 1) inches brood, hored out and 
fitted to the engine slmft, and mukcs forty revuhitionH par minute, 
and works into a spur wheel which is 7 feet diamoterAud 9 iuchm 
bro«d, and is bang to the shaft with eiji^bt keys. The shaft ta of 
cut-iron, 8^ inches diameter, and thej<»urnaU ure 7 inches dia- 
meter by 9 inches louo;, with collars left on eticit side. The din- 
lance between ilie iti»ides of bearings ahould not be less than 
4 ft 4 in. This shaft makes ten revolutions per minute, and 
runs in.plitmmer bl-->ck«, which are fitted with gun metal Urar- 
ings and are provided with wall plates and holding-down holts 
H inch diameter, to futon them down to the brickwork. The 
nmion is 1 ft, 9 in. diameter, 3*11 pitch, 9 inches broad, and is 
nong to a shaft with four keys, and works into a spur wheel 
which is 7 feet dtametei-, !) inchen brfiad, and .TH pitch, and has 
six arms, and ts hung to a shaft with ci^'ht kuys. This shaft is 
cast-iron, 9 inches diameter; one end is formed 9^ inches wpiare 
fnr connection to the tuill. Tlii^ shaft ruu-^ in two pinmmor 
blocks, which are fitted with turned gun metal bpariugn, and nre 
pmrided with wall plates and holding-down bolts. This shnft 
makes 2^ revolutions per minute, that being the speed at which 
the rolls are required to revolve. Motion is obtaiued from the 
engine, which is high-preesnre, and of 16 nominal horse-power, 
having a fly-wheel ]-l feet diameter, weighing 3 tons nnd making 
forty revolutions per minute. Steum la eupplied fi-om a CoTnii»h 
Imiler, 20 feet long, C feet diameter, and '^ feet tube, fitted with 
|*rossure gauges, safety valves, whistle valve, damper, &c. 

(To bt ovntimitttL) 



Coat in Ttirhei/.—Ths aearch fnrcoal, mude byoider of tlie Turk- 
ish Government in the province of Annt^ilia.inTtirkey in A«tn,hft* 
resulted in thediecovery of n large coal-tidd at the t^uie of Mount 
Olympus. The quality » stated to be excellent for steam-boiler 
pni poeea, and the supply au abundant that it can be sold at 8t. 
per Wn. 



THE RELATIVE ADVANTAOE3 OF THE INCH 

AND METRE AS THE STANDABD UNIT OF 

DECIMAL MEASURE. 

Tii£ following is an abstract of the discussion on Mr. John 

Feruie's paper, on the above subject, which appeared in this 

Journal for October, page 295. 

Mr. Jam? s Vatbs said, the coofM adopted by the Intcmntioaal 
Decimal Association, in order to obtain a solution of this 
qaestiou as to the best unit of length, had beeu to send a »eries 
of eleven questions to all the persona who wete snppoaed to be 
bast qualified to judge upon the sul^ect; and the answers having 
beeu received, four meetings were held in Tendon, to which all 
such persons were invited; and on that occasion Mr. Whitworth'a 
8/stem of accurate meaauremeut was exliibited and explaioed. 
'the result of the diacuasioa of the quostinn at the meeting4 waa 
that a report wa<3 drawn up and circulated, in wbioh it was, 
recommended as emineutly desirable that the unit of measure- 
ment should be of such a length aa might bo a<lnpted to measure 
the greatest variety of objects, and in the moat numerous CAMS 
likely to ticcur in daily life; and that it ahould be visible at a 
glaticc of the eye, and easily carried about anri manipulated: and 
it appeared that for these purponcs the inch or the foot would be 
too snort, and the fathom too long; and that a measure of about 
the same length as the ell, the yard, the tuetro, or the secoud's 
pendulum, was to be preferred, of which there were important 
reaiious for selecting theimetreaa the nntversal unit. The inch 
indeed seemwl at the outset very unsuitable to become the basis 
of a universal syatem; and although for English mechanical engi- 
neers it might be a very convenient measure, yot even for their 
purposes he was not satisfied that it would be better than the> 
metre, by the use of which he thought all measurements in 
ninchauii^ work migtit be made with equal nicety and accuracy. 
In the ordinary transactioua of daily life the commonest and most 
uaiveraol nieaaarameota might be taken aa those sasociateil with 
textile mannfactures; and the metre being a meaaure suitable for 
cjiaeaof this kind would be the most convenient for common use and 
eligible aa theataudard unit of lineal measurement. For example, 
ail order ftir KJ metrpa of silk or 64 square metres of carpet was 
simple in expression, and would convey a clear conception of the 
qoantity, if the metre system were a>lopted. and the unit wouUl 
be very near the yard now u9e*l for the purpose; whereas with 
the inch as the unit, the equivalent expressions of 510 inches 
length or 99,000 square inches respectively, were very incon- 
venient and not very easily conceived. Such illustrations showed 
clftirly tlie Incnnveiiience of using a small unit; and led to the 
conclnsion that, in fixing a standard onit of measuremeut, it was 
neoeasary not to have regard to any sj>ecial purpose exclusively 
la aiming solely at the small ineasureineuta that predomiu.it«d iii 
meolianical englueering work, the inch might be the best; but 
when a standard was required for all sorts of measurement, the 
inch was iu hia own opinion unsuitable for general use. For the 
purpoae of minute subdivision every advnntage was presentcti by 
the metre which was attainable by the inch; bTdoo the aocuraoy of 
minute measur<.>nieut3 depcnde<t not on the scale, bqt un the 
instrument, which of course could be made equally applicable to 
any scale. The roost recent instrument for minute measurements 
in connection with the niptrc Byatwm wiw that of M. Perraux of 
Paris, which was shown in the Great Exhibition of 1H(5£, and 
afforded the moans of measuring to l-304>iith of a millimetro 
(about 13 milliontha of an inch); and for all practical purposes 
that was probably as minuto and exact a measurement aa wa^ 
required. It ahould be rotnarked that Mr. Whitworth hiiuaetf. 
who had recommended the inch to be adhered to for meclnvuicnl 
engineering work, objected to the prototype yanl from which the 
inch wns supposed to be taken, because it could not be aeeti or 
used; and had shown that it was hardly to be called a measure 
at all, and was Inapplicable nnd of no value whatever in mecha- 
nicat operations. The Astronomer Royal too had admitted that 
the chief value of this standard yard was its convenienoe for 
geodetic operations. For these pnrpoiicB, however, th^ metr^ 
was at least equally eligible: and the diffionlty that was auti- 
cipitted from converting the preiwnt meaatireu of this country to 
the metre system, on aooonnt of the number of decimal places 
required, would be met by the use of reatly reckotiers, specially 
adnptt'd to all the purposes of commerce; these would be requisiiu 
until the metre was fully eitabliahed in general use, after which 
the need of any auch aids would ceue. With reganl to the rela- 
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ti»re poptiUtion in f&voar of the inch and the metre rciipoctivelv, 
be believed the iiumberB givea iu tlie ' Alrnaimch du (juiha,' as 
the popnlAtloQ ni the present time of nil the couutriea in the 
world, wftre geuerally nwvpteil ad the Iwat authority dq the 
aabject; uuci fmn] these datn he hnd oome tri thn ouncliuiot; that 
the popnUtion la favour of Hie nipire hIkhiM bu taken aa aboot 
three times thst using the inch, iiietlead uf the nuijoritj being iu 
favour of the itich as argued iu the paper. Bussta with a pnpu* 
lalion of 74 millions appenred to have been put dr»wn si» fnvour- 
able to the inch, becnuse it ueed the "sogene" of 7 feet Knglish, 
or 84 inches. This measure, which waa the Ittiaaiuii fatli'iru, had 
been tixed, at a time when the length of that fathom waa very 
□ncertain, bj Peter the Great, who decided that it should be 
exao'Iy equal to 7 feet Eogliiih. It has been stated however by 
Mr.Kupflcr, the iinperial superintendent of weights aud nieaaurea 
JD Kuuia, that although the loch was known in Russia as the 
l-84th part of their siand.ird unit, it was not used by any means 
iu tli« same manner or to the same extent oa the inch wnti nited 
io England: ou the other hand he infituuced many points in 
which the prsiseut weights and ineaMuruti in R'lssia approached 
Very nearly to the metric system; and he exprewed his 
opinion that it would bo easier for Russia io adopt the 
metre systetn than for England to do so; and he decidedly 
Considered the metre system vcaa preferable for Rusjiia to the 
inch system. A repirt has also been presented to tlm Mini^iter 
of Ftoanoe, by the Imperial Academy of Sciences In St. Peters- 
burg, in which ibe adoption of the metre was recommended fnr 
Russia; and there was therefore some ground fur saying Thai 
Russia was decidedly tending to the niloptinn of the metre. The 
different states forming the Germanic Confederation had formerly 
been exceeding confused iu their weights and measuren, and had 
recently appomted ommissioners to devise a uniform syiitem, 
who recommended the adoption nftlie metre iiy:«U;ui throughout 
all Qenuaoy. A meeting of the several rep rose utAtives was then 
held at Frankforlrou-thc-Maiue, when all the sl^ites except 
Prussia agreed to adopt the recommendation of the commis- 
sioner*; and at length, in 1663, when the statistical congress was 
held in Berlin, Prussia also ga%'s in its adherence to the metre 
R^'stem: thus all Gennaoy might now be fairly reckoned on the 
Bide of the metre. Moreover Germany had for a long time past 
made a iinrttal nso of the metre system, the half kilogramme 
having been employed as the standard tuut of weight in the 
custom house, the post ofTice, the railways, aud other ptiblic 
departments. In India also there was a movement gning on 
which was favourable to the metre system, and rccL-nt uxtrncts 
from the 'Mailras Times' showed that that district of India waa 
ooosidering the subject and incltuiug to the metre. On the whole 
therefore be thought tliat Germany and Russia should be added 
on the side of the countries favourable to the tnetro, and India 
should at timst be omitted from the number fur the inch; and the 
population favoumhte to the metre would then be more than 
SOO millions, in comparison with about 70 millions actoaliy using 
the loch at the present time. 

Mr. F. P. Ff:lix>w8 observeit that, in connection with the 
question of population, as bearing upon the adoption of the metre 
aa the unit of decimal measure, was the amount of the home 
produce exports fmm this country to the couutriea favouring 
tb« metre system an<l to those uniug the present English weights 
and neaaurea. It appeared that in l&Gl the value of the home 
produce exports to countries using the metre system amounted 
to OS much as 65 million {Nundst while the cxporu to countries 
nsing the Eugltsb system came to only 24 million jiounda; 
further, that in the eight years from IB.!):) to IBQl the exports to 
the former cuuotries had increased in value from 32 to AA million 
pounds, while those to the Utter countries had actuaUy deureaoed 
in the same time from 43 to 24 million pounds. 

Mr. C. W. SixMKM*8 said, there was one luiscODcepliou 
frequently entertained in this country with regnrd to the metre, 
namely, that as the metre wn^ (he haais of the system it must 
ne^essanly tie taken as the unit of measure in all instances. 
This was not at all the case in France however, whore, alUiougb 
the metrti waa the basis of the system, the niiltimotre was really 
the unit in mechanical engineering, and mechanical drawings 
were figured not in metres, but in millimetres, lie found the 
millimetre was a very ooovenient unit for setting ont amall 
mechanical work; for being equal to about l-25th inch it wos 
amallei- than l-lt>th inch and larger than l-32ud inch, and was 
therefore juat anch a dimension as n workman oould still readUy 



appreciate in following a drawing. Of oounie the milJimetr« 
wiiliuut further suUtiviniou would not suffice to inensunt with 
such wonderful precision as was attained by Mr. Whitworth'a 
system of c<iutact meiLsuremeut, which hud been carried ont bt 
conuectJon with the lucii divided decimally. Hut for such accu- 
rate meftsuremeoLa the unit of measure employed waa of little 
eonsequeuce, since any unit could be decimaUy subdivideil to 
such an extent as to give the required degree of accuracy; aud 
under the metre eiystem the millimetre was subdivided for the 
very minutest deacriptioDS of work ioto 100 parts, c&lleil cen- 
ticmes, each of which waa eqnal to about ]-2£00th inch, and was 
therefore as suitable for very small meoaui-ements aa the 
thousandth of an inch. Moreover, independent of the metre being 
so convenient a measure for ordinary commercial purposes, and 
already so extensively adopter], ho thought it deserved serious 
consideration whether it would be wise altogether to abandon a 
measure of some such length as the yard or the metre, as would 
be the case if the int^ were taken as the unit of measure. He 
agreed that in respect to its verification the metre was not aa 
absolute lengtli; but that waa really not a matter of couaequeaoa, 
siooe, if tbe quadrant of the earth's circumference were measured 
a hundred timea, oach measure would be likely to differ from all 
the rest; aud If the measurement were taken several hundred 
Tears hence, perhn|^ia the earth Itself wouhl have slightly altered 
in size during that period. The verification of tbe metre was 
therefore dependent upon the accuracy of copying au original 
staudard, just the same as iu the case of verifying the im-h; and 
this original standard woulil always be referred to, instead of 
measuring the quadrant of the earth over again. It was never- 
theless of some impoi-tauoe that the unit of length should be u 
measure referable to the 8i7.e of the earth, because it was thea 
easily applied to geographical ami even astronomical purposes; 
and iu this respect the metre hud an advantage as the unit of 
length, in being approximately an even decimal aubditision of 
the quadrant of tbe earth^s circumference. Ho concurred 
entirely in the deairability of having a system of measurB iu 
which there should be a direct decimal relation between liDe*l» 
square, and cubic measure, and between these and weight, as had 
been exphiined to be the case under the metre system. It had 
been correctly explained thai the metre afforded n very grsst 
facility for anoertaining the weight of any bulk of materijS, its 
lineur diuivnaiuna and sfjeeiQc gravity being knowu. There was 
then the least demand made upou the memory, since the speciGo 
gravity of ditferent suhstauces was all that had to be bwne ia 
mind, instead of a numlwr of practical rules having to be reool- 
leoled, whicli ware applicable to one material only. Tbe product 
of the cubic dimensions of any substance iu metres multiplied by 
its speciSc gravity gave the weight of the substance in tonnes, 
being almost identical with English tons, or iu kilograramas 
when the decimal point hnd been shifted three place« to the 
right. Upon the whole he considered it would be far better to 
adopt the metre system in this country, iu accordance with tbe 
other nations who were alrejuly using it, than to decunaliae a 
separate unit, which would never work afterwards in bannooj 
with tbe rest of the world. 

Mr. J. •^OTT Rl'»sri.i. remarked, that the metre system 
possessed unquestionably the great, advantage which hod beea 
pointed out, of a direct decimal relation between the measure- 
ment of any bulk ami tbe weight uf that bulk, without requiring 
anything to be remembered beyond the specitic gravit}' of the 
Rubstatice under consideration. lubts own work of shipbuilding 
he had found that it would be a great help to all calculations 
connected with ships, if there were a habit of thinking in some 
luit which bore an exact integral proj>ortion to a ton of water: 
and it was the fault of the present inch aud foot that neither of 
them gave any convenient factor in relation to a ton of water. 
For a ton of water consisted of 35'9&A cubic feet, and the long 
d<s:imal fraction vrns so inconvenient that he had been led to get 
rid cf it in bis cxi)erimcnt£ with inoilcls by adding so much salt 
to the water as should make it weigh uxactly ZH cubic feet to the 
ton. It so happened that the water containing that amount of 
nail was a toleralily fair av»mge nf sen water; and he bad made 
all his calculations in shipbuilding upon water of that description, 
on account of the conveoience of the simple factor counoctiug 
cubic measure with tons. The metre had in Uiis respect aa 
advantage uvtr the inch or foot, and he thought it was so gre«t 
an advantage iu practice fur engineering aud shipbuilding pur> 
poses, that although be agreed in the advantage of deoimuisiug 
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the [qcH for Taeclinntcal eoglneieriiig work, he vas opposed to 
adopting auv system which wouM ivqaiiv nil raensnres lirat to be 
reduced u> iuche*, and then to bo tramformed to the metre ncal« 
for wHuparUoQ with the rest of Eunipe. The ndvanuges of 
decimnlifling the inch, however, were limited to the class of work 
in whiob the inch was most involved na the uuit; aud he did not 
think it desirahle to ipt further Aod extend the inch eratein ao aa 
to include the measurement of long distances, such an miles, 
since it waa evidently impracticable to think of miles or aimilar 
long meoanremenls lu Iiicliea. 

THE CHAlN-TESTl^'0 ESTABLISHMENT AT 
BIKKENHEAD. 

( Witk an £ngnivitig. ) 

In the last nninber of this Joumal a paper, by Sir William 
Annstroog, on " Cbain-Terting Machines," appeared, in which 
the author gave a description of the apparatus for testing chain 
cables and anchors recently established at Birkenhead, and which 
waa designed by and carried out under the auporiuiendonce of 
the engiueering firm of which Sir W. Armstrong is a membfr. 

Through the kindness of Sir W. Armstrong we are now enabled 
to give a plate showing tliu macbinery useil for the purpose at 
Birkenhead, and the arrangement of the rt'ajwctivo parts of the 
building. The paper before alluded to contains a tleaoriptiou of 
the eatabliahment; and ihe following n-ferences will render the 
plate now given readily understood. The letters of reference 
refer to similar parU throughout the whole details of the 
machinery: — 

Seceicing Stitre. 



A. Weighing TnViIe. 

BBB. Ovt^rheaH travelling cranes 

worked by rupes. 
ceo. Driviinj g»*ar for rope cranes. 
DDD. CapstMiii driven fniw ihafu. 
EE. Keuiming nuns. 
FFF. .Snatch htm>lt. 

GO. Uy*lrauh« PreMea. 
UU. Testing Boort. 

Proo/ Intiicating Room. 
n. Lover iudicauir*. 
JJ. Pendulum indicat«irs. 
KK. Loaded and Batu indicatan. 



Erami-niitg Room. 
LL. Exsmiiiiiig Lwnolws. 
SIMM. Heanbtt. 
NK. Craoea. 

Jleatiny Room, 
000. Ovena for lieating cHwob. 
PPP. SU.ko hulrs. 

Jil'tekiwj Room. 
QQ, Blacking' troiijjh. 

Ihiivtrg Storf. 
R. C«p«taa aud Hydraulic n- 

Fig. I, Pendidum indioati^r J. 

Fig. '1. Sortjcm of cyliudcr aud 
pit(t4>n nf pendulum indicalor to 
enlarged scale. 



Report tt/ tht Commusioner of PatenU Jbf the gear 1862. 
Washingtoo: 1864. 
The annual Report of the Commlsaioner of Patenta of the 
United States for IH6^ has been received witbin the laat month. 
It consists of two thick octavo vnlnmea, one of which contains a 
copious index of the ]iateiita granted within the year, with an 
alpbabfltical list of the names of the patentees, and aKitmcts of 
all the specifications; the other volume is 611e<l with il lu strati on s. 
The number of patents granted and designs registered to citisena 
of tho United States amounted to 3,4:)8; to subjects of Ureat 
Britain 39; to subjects of the French empire 33; and to the sah- 
jects of other foreign governments II, making a total of a,fi31. 
The number of patents the terms of which had been extended 
waa S2; and the patents expired in the year amounted to 549. 
The money pcceiv^l for the grant of jKitents, for oopies, and 
for recording ■issignmcots, amounted to 164,899 dollars, and the 
expenditure to 1 82,i4(i, thus nhowlng a deficieucy of 17,341 dollars. 
The preliminary exauiiuation which e.-ich claim for a fjntenC 
undergoes in the United States n thu principal caui^e of the 
large expenditure, of which I^l,ti70dolla» were paid in aalariea 
ana to tempomry clerks. In England, as is well known, every 
application for a patent U grunted unk><<s it be oppose^! by some 
oomf>cting inventor, but in the United Sijitea ]/il7 appliaitiona 
were refused by the exaininei-s within the year, and had they 
exercised their powers with strictness not half of the 3,r;21 
pateuta that were - added to the list in 1862 would have been 
granted. The small sum of money for which a citizen of the 
United Statm can secure a manufacturing and trading monopoly 
induces those who fiinojr they have made ao improvement in any 



manufacturing process to rash to Ihe patent office, to claim pro" 
tectiun for the imagined iuveuliou; and amidst the crowds of 
applications it is iriiiiossiblu tu give that careful examiuatiun to 
the specifications which is necessary to ascertain whether the 
alleged improvements are new. We may venture to say that 
even in thia country, where the fees for obtoininga patent are 
five times greater than in Anierica, not oue-fouHh of the patent* 
grante«l have any validity; and the vast number of obulructive 
and valueltisa mcnopolies thus created aSords tlie strongest argu- 
ment to OniAo who object to give any inventor the right of pro 
perty in the works of his own creation. The following ennmerft- 
tion of some of the |>atunls granted iti Lhu United States in 
18G2 with tliu sjmiu titles, is sullicieat to show that uf thoee 
inveolions palenteil even in the same year there must be many 
tliat have no distinctive dilTerenL^i'H, aud when there is added 
the vast numbera of fuitenta in former years granted for similar 
objects, we may be assured that, notwithstanding the vigilance 
of the examiners, they must have patsed very many similar 
claims for )>at.'ul rights. There were granted 13 patents for 
beehives, iO for steam-boilers, S9 for boots and shoes, 11 for 
lamp burners, 3U for churns, 11 for corn shellera, 13 (or oar 
couplings, 40 for cultivators, 22 for water elevatoi-a, 10 for ateam- 
engines, 32 for breech-loading firearms, 20 for revolving firearms^ 

16 for grain separatore, -45 for harvesters, 30 for lamps, 18 for 
locks, 12 for broechdosdiug ordnance, 10 fur tobacco-jiipes, 12 for 
ploughs, 29 for pumps, 21 for sewing machines, 13 for skates, 

17 fnr stoves, 4S for washing machines, and no less tlian 4(J for 
machines for wrttigiiig uhithea. It appears from a tabular 
account of the business of tbo Patent Office for 26 years ending 
the 31>t December, 1862, that a great increase in the number c» 
pateute took place in 1854,aud that they continued progreaaively 
to inqrease until 1801. In 1^37 the number Usued was 436, in 
1853 it had Increased to 956, in the following year the patents 
issued were more than dunbled, and in 1860 they had inorcAsed 
to 4,819. The next year there was a fall to 3,340, and in 1^62 
the number amounted to 3,S2]. 

The <luscriptiunB of tho itiventinns are neoessartly very brief 
to be all included in one octavo volume. As an example of the 
ni.inuer in w}ilch the patents are described and illustrated, wo 
extract from the report the two following abstracts of specifica- 
tions for inventions of different kinds of 

Bxmau. 

A. MoGrrra, of Rochester N.Y. — InprorfM^nt in Tnui Brid<tu. 
—Patent dated Manh 25, 1862. — A nonitwr uf buUow vuctiona of cast 
or wrought iron are constructed with their ends bevelled so, that by 
abatting against each other, or against inteniaHed angnlar bluclu, as tJj 
fftrm the arch. Iron posts tntsrwct the arch between the mctions. ami 
serve to sustain the moHway, the lower parts being oonnrcted by wrou^ht- 
iron links. Top chords imd braces are also used, a« *bown iu the 
engraving, tho object being to prevent buckling, and obvialu lateral 
vibration. 

Claim. — The oambinatian uf the atch w.'ctiona AA, Fig. tS, Plate 3ti, 
^etther with or vi-ibboat the int<TpoKd headii or blocks HB, } the posts CC, 
the joint blocks E, the links DD, diagonal tension n^ls aa, k;p chords 
PF, and lateral braoee w, the wh(4e arranged subetaQtially as speoiBed. 

Oeorgb Hbath. of Little FaQs, K.Y.— imprvniMnr in Wrought- 
iron Bnd'ja. — Patuut dated May 27, lt)(>2. — The straouDg be&mii uf tbt< 
bridge sre composed of wrought-iron plat«a, having vertical plstr* ur wub* 
Hwured centtally tu their under sldeB by ao^-iruus. The brHcea jltp of 
V-idiKped form, and are otruttnirted similarly to the stnunin^ beAiiiit 
with which they are mnDeet«d by rivets. The lower part* of u»^ hrsoe 
arc connected by a horizontjil plate, each of said parts leruunatiiig in a 
tfaimbte, throoBb which, and the tionrootal plates, the churds of the 
briilge pass. Extending tmm and below the sttmining beams an rods, 
the lower ends of which ianuinate m eyas through which the obords lUso 
paM. The flooring timhen are supported apon De«dls beanw. which 
consist of vertical metal plates haviiuf an angle<tTon at tbeh* u|^u- nnd 
loweredgt;s, which form recesses or (uamben at each nds to receive the 
flooring timbers. 

Clatm. — Pint, the combination of Um dJagonal double or forked braws 
B (FSga. 7 aD<l 8, Plate 3€), straining boras A, vwrtioal rods E, and 
cfaurda C, substantially as and for the purpeee set forth. 

Sacond. ooostructing the stnuning besms A and braoes B of wi«>ught 
metal plates and angt^irans, connected together by rivets, sabstsmally 
as and for the pnrpane B[iccitlcd. 

Third, sccurinif thu luwur cuds of the braces D and vertical rods E tu 
the ofaords C bv mcuiii of the thiiubit* j and lock-nuts D ; but tlus a 
uidy claimed wlion imed with tbo pocubar srraDffciiMint uf the roda E, 
bnices B, and straining beams A, m dcAcribsd. 

Fniirth, the needle beams F, mriBtnicted as shown, when asod in com* 
b'matioii whh ibn oboRta C and apfibed tbenM^ as act f ucth. 
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Iterent improvements in the Steam-engine: he'wn nn Iiitroduotiou 

to the Catechiam of Steaa;-«D^iiica. Bj Johh Bourke, C.E, 

IjoQiIon: LongmAD nnd Co. 
A Catechism of the SUam-engina: new edition. By John BocmrB, 

C£. Locdun; Longm&u and Co. 

Mr. Boarue'B (lopulnr h»ok * A rhtediinmoftheStpiim-eDgiDe,'' 
has reached the eleventh eilUinn, but th<> work itself hns uiidcr- 
gnne Httle chnnge, fnr the author hus jndicicnsly itdopb^d the ptnn 
4if uoticinjf the requisile nd<litinn» — " the Inxt touches of impn>vo- 
meot and the mont uceredilec) maxiina of prtM>iit practice" — in a 
»ep<irtte discr^urae, inBtcad of iucorpor&ting anch new iufurmatioa 
in the body of thu work ttsetf. Br this menns the possessors of 
the former ediiiona may obtain the additional matter withoai 
being eompelIe-1 lo rcpiirchMc the whole work. This smaller 
volume ia entitlwl " Recent Improvements in the Steam-engine," 
and it ia profusely illaslmled with drawings and diagrams of tlie 
lUOBt recently invented applications of steam-power. Tlie author, 
in his somewlint fililted phntBeoIngy, sayt* he tnista " that it will 
be found to answer itn intended purpose of girin^r ad acnmie.srnl 
vigorons outline nf contcmporancoiiB engiocciiu;? knowk-dgt- in 
its roost Helect manifestationB, and that it will set tho render fiiee 
to &ce with the works and upinions nf those who are ji.iHt!y ao- 
ooanted leaders of the art, so that he will hf ahle tn feel that he 
lins been brought ap to the highest point of information jet 
reached by the most eminent practitioners.** We extinct fi-om 
this recent ndditino to the work the following acconnt, with illos- 
trations of the modern practice of superhenling steam:— • 

' ' The practic« of anperiufttine tha stftam before nertni tting it to enter 
the engine ia now Terr goncTijiy poreued, eepedany in steun venela; 
and the inoovabon has hwii prodiictivK of a material saving of fuel in 
many cesM. It is fnanil in practice that if the ateam u •uperbcntcd lo a 
temperntiire eio>»«ling 815 dcgrct-a, tho hemp parkltufs .if llw Bluffing 
Imixca will le humed. the •lil nr UiJIow u^mi In tli» engine wdl tie 
car)Kini*«l, and the uylimien and valveii will be liali> U^ b« gnnivnl 

rtg. I. 
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JHckel; and higb-prcfMiiv steam workwl •'Vpansiwlv in jacketed cyliu- 
dvn, 4»mliinc<l witli lurfKce oondenteni in the cue of it««m *««wl) unn^ 
lalt water, le uuw Kganlml aa the louKt pmmuDn^ expa^cnt ol BOououy. 

rig. t. 
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Jtah ud SuBiDen' SnpeTboaUni appantm. lUO. Vntiol (eoUcdL 

The oooabrucfeion itf Ruperheatera is rerv various. But in niott caeew 
the iteain is sent tlimugh a fagj^t of uuall tubm iet in the noake at the 
root of tho chimney. An extunpU* nf this arrangr'ment it given in Fig. 1, 
which ia a rrpKcen Nation of the mperheater intmduciMl by Movrs. K. 
Napier and Sons into tliesteainer Olug, belonging to the Ro»ian Kteam 
NaTigacion Company. A is tho bniler, and a Una uptake of the bolW: 
U poeitiun nf iidvt valve connecting boiler with luiwrheater; l> ami F 
inlet and outlet chambern of Ruperbeater; E tuh«e thmiigh which thu 
•beam paanM; fj double outlet ato^valve cheet, in which y c<>nnectf 
mpei^ester t» Nt«nm pipe, and A oonne«t« boiler to steani pipt- direct. 
U ia the tdumtKy. The smi^e in asocoding Ibe chimney impinges on 

Fig. 8. 
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8apthMlla|ftp|MnitM«(8.S. Olt^.ttfR Kifiler ui4 Seao. IMO. LrwcUiullael 

Soctiao. 

Mti-I injured by the huat and frit-tioii of tlie rubbing parts. In bnilen 
alnrBtly producing drv xteruu, ami pnneesing an adequate amount 
uf heating surfaov, thu naving in cojd ar<oompIi»h»-<l ttv su^xrboiitiiig 
cnmmon low-presirure ab^nm to thin cjctent may W set liown w about 
in per cent.; and alth<yiigti a larger economy than thi* baa been ob- 
tained in tome caees. the increaMed a«I vaiitagu is tn 1m> iinput^^I tit the 
aOjUiaition uf an incrciiMHt heating aarface, ahercby the be?tt bu l>peii 
utiiised in dtrinn ihv- Rtearii that previously ascended tho chimney— mth'-r 
than to the mipiririr cfHcacy of a given quantity nf beat when difttribut<^l 
in the awigned proportion between the water and the steam. Upun tlio 
wIkiIc, aufM-rhcntiaf; ie iittw rather on the decline: at all eveiita. it ia n<it 
no»- oameil much Iwyod that point which mifficca to dry the ateani, 
and (o prevent Ibe «tc»ii) within the oylindt>r frv>m FufTering partial con- 
denaatinn, mther hy eKt«>mal radiation or by the gf^neration of powvr. 
But onndt-nxatinn is f(|ually hindet«d by uie application of a steam 



Ijuob aad ^nnmon' Rvperfaeetiac aTparainv, lUft. Onmsd plaa. 
the tulwfl tran-imitting the at^-'ain, wbureby the steam U heated to the 
required extent. 

Iti Ijimh ftii'l ^iimniern' miperheating armngimipnt. a nan\>w rect- 
ATigular pipe ur ohjtmbcr — whi<:b windn in a ztgxa^ iiuiiiuLT Uke thr> flit* 
i^f A tiur li-itk-r couilticte tlie slcain backward* and f<jnvanla anHingHt 
tbti fiiDoke at the rtiot of the rhiuuit»y, until tinally the steam deboucbr^ 
in the sbunm pip<^'. This atip^rhcater ia ahown in Pig. 2, where A ii lb» 
winding r<*ctaii;fidAr chamhrr; B tho atop valve for ailmitting ati-aui iutn 
ihc aiijit^rhf-atcr; C ►t^ip valve lor letting at^am pnai. frcim tlie bxittv iw 
the eiiginca n'ittK<nt pMuing through superh<-ati-r; D stop valve (ur 
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Fig. 7. 
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d^iufttion. 

But conde. ..u^ 



JRJofaiiiDfl 



Vvt. 1, IMIl* 

idiuMng uff Kiiu»^be«t«r; O is tbe cbimneir; F u tbe door for gtUiog 
iBt4> it, aoti nil i» a ring or ci-oQiiiiKi '^vtr which ttui chimney puevtt, 
and tlio ayafx bctweut vrhich Hcl tho ohiniiM>y ia filM with Brtf-vlftf lu 
keep il tight. 

Another Rifuople of IjudIi mhI Hcuimery' Mij>tthe»Ur i« ipTen ill 
Fiji. 3, wliii-h is a gni\aiii pl*n of the »ii |i«rlieat<.'r w* opfiEicd U> fniir 
boiltrs, L'ltltf-cttvcly of 4'»t liompoWHr. l lie Rti-«in ffiRct; i» 4 inches 
wide. D-nd tli" fltuoke Kfiocefi uru ench <>( i^uhi'* widt. The wimliiii; 
lt!0]{th thmugk which ibv *teauj la tvniJiu-Uil ia ^1 ft. If m., luid Uiv 
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8u|ici-L<:<iUii); ajiii^iASu- <.>( "Jrcnl l^nl m, 'j U-ju.'.-jI], '* ;i'.:. -iui C. Oi^-jinl j'liin. 

height of cho winding chandivr is 5 ft. 7 m. Ttic toUl un^a ■•{ hcAtin^' 
sanace in Uia luperht-ator i* '>*J0 Kjuun: ftrat, wUicb ;s jimt I ^ m[uuv f>x-t 
par aoiuiiud hane power. Tbe ateaui iuiliea from the LKiiler thniii({li th*< 
■top Tolveii eeee, enluni the auiiertiHater through the stop valve d, iijid 
9mMj>e» through tli« stop \-alrtt h. 

Another form of ttiperboiter ia shown in Fig. -1, which ii tbe nuper- 
hcftter ouo^truoted by MoBsra. Sonltononii Wittt for the stcmuer ('real 
UoiiU'ru. TUia superbmter eoiisiats of a Kfuare ubat |>Iiw.tO uvcr t.li« 
uutaku at tbe fool uf thi: chlntUfYt ami filbMi wiUi vertical \tt\Ki thruo^fh 
WbtL-b tho «mok-] pMscH. In this c:uto ihc ibeiun pasae* im thi' outn<lu 
of the tube*, wh«n:as lu iiuisl canes it paa^ei through tho tubrM as sho-xii 
in Kig. 1. 

A citmunin proportion of surface giwn U> superheaters is t H>|uar<! 
f«et p«r nnniiiuU horacpower. Elut this is quilv lotv much, and 1 ^ e>| omk 
fmt per nominal hi>r*epower is aufhcii<ut. An huwevsr. thv ui-uiimd 
borMpiiwer is so ind«fiuito a ouautity ns regards tbe boiler, it will Im 
umferahle to fix tlio surface of tht> suporheaUtr at '3 tujaore f««l p?r culiic 
liioct>f wa(«r Mvaporatol. It iv of rouras necenarv to he r-aivful in inlro- 
ducinj; auperheat«n nut to u^mtract the ana fur tlic a«-CQt of ttto siuitke 
up the cliuuaey. which •hout'I be left quite ai large as Iwfon:. 



Practhal SpeciJicatioTU of Worln ej-Kutftd in Architectur*^ CMi 

and Mechanical Enfjineering, ^V. fi> JottX Blskcaeh, C.E. 

Lnnilnn: K. mud F. JS. Spou. I6W. 

This book onostats chicHy of ^pocificntioni for worki of vaHous 
kiadrt that are likely to <iccur in tliepmuliceof tboeogiueerand the 
aroliittict. Thfyart- nrmiigi.'Hlii[i<l(,<r the hendsof; 1. ifoiul'iuiikiug, 
dnuxiage, aud fenciug; H. Aicbitcuturc; 3. KiigiliL-erio);. Theru 
are &!«> exatuplen of agieciueuis fur buiMiDg and fcr lensea, and 
r^porta ii|K>n works proposed to be eiecQt«d. The remarks mmie 
bj^the author in bis pruface upon tho genumlly low estimation 
ID which the literary, at« compared with the artistic, portion of 
proftt^ioDal duties is held by sludentH, may easily tic veribed by 
observiition; but this dtfTerence i» proUibly grenler llian would 
exist if the facilitifs for acquiriti^ proficieucy in the two arts 
were more nearly u|f<>u a par. 

The .loarce^ to wliicb the student cad refer for modela of ipeci- 
fioationaarefew; while the ualureof the work renders it peculiarly 
dasirabla that the luind shuuld lie refreshed and the itifornialioii 
enlnrged by the study of numerous etaiuplcs, There is in our 
exbibilioDsaDdillastratedaicbitectural works that which tempts 
some minds to nnjuire a power of making showy sketches^ to the 
neglect of the piii|)vr atndy of construction and detail, without 
which their designs are eitlier vague or iiupmcticuble. Vet, to 



be able to comprehend the details ofa work and to write a if.eci- 
ficntioD that shall be clear while it is concise, aetting forth in »ti 
orderly anongement things intended to be done, so as to convey 
a cLe»r idea of tbeui t(> the reader, is to poaaeas an accomplibh- 
mcnt which is at once a pleasure and a power. Of tJie method of 
acquiring and practising this art the author does not treat, but 
in publishing tliifl selection from documents that have been used 
in Ilia own practice, and in that of one or two other gentlemen, 
he has made a useful addition to t!ie worksavailalle for reference 
on this important suhjecl. Several of tbeapeciticatioDa arc illns- 
trnted with plans aii<l B^-clious, and there are some bills of qu.-\n- 
tiiiea and scliedultis of prices, forming, ia tho whole, a considerable 
LtHJy of information upon works of ougineering and architecture. 



ON THE BEST MEANS OF RELIEVING THE STREET 

TRAFFIC UF THE MKTKOP0U8. 

By Jyus Imilat, C.E. 

{With an Enffraripg.) 
PtJtss for relieving oar streets of a iKiriiou of the enormooa 
Irafllc with which tbev are tiow over-Iiuuied have been from time 
to time suggested. I'he snhject has received the aU*'ution of 
sevend |iarlinmeut«ry committees, and has occupieil the minds of 
ui.-iny imiDcnl eDgiueera. Ita impt'iiauoe, so far from heiog 
Icsstrucd by tbe completion and proj.-ctlou of metropolitan railway 
lilies, apuears to be ouxnieutfdi for the streets, instead of bfing 
reliev(.-([by tliese new arteries of cin-ulaiiou, suffer more than 
ever frrurt that plt-thora '^f traffic witch threateua at limes to 
render them totally impassable. Tlie principal eflect of the 
greater cimvenieuce and economy uf railway transit U to creal«a 
new set of fwissengers: to induce thcao to travel whodid not travel 
before; ami those who travelled rarely, to make tlieir journeys 
frequent. The eiperieuco of all main ami cnunlry lilies shows 
this result; uor can it be doubted that a stilt more matketl etTcct 
will iitlend the mlnplion of metropolitan lines. Neither mu»t it 
be forgotten that, as juclropolitan lines have been o|)cnf»l, new 
country Lines, or additions to former lines, have been made; that 
a greater number of ttavellera aie thus brought to the .Metro- 
polis; and tliAt a Intge increase has been eSeuted iu the iratfiu of 
goods to it, throujzh it, and from it. But. however tho fact4 may 
be amounted for, Uie streets of Loudon were certainly never more 
ci'owdt.'d than they now are. The Omnibus Compnuy pays now a 
better dividend (ban it did before, and itreqnires greater vigilance 
and more careful sujiervisinn on tho {>art of the police to prevent 
tbe great tb trough fares fr<>m being constantly blocked. 

It is estimated that not le*8 than TfHi.lHiO persons enipr and 
leave tbe City proper daily; at b'AHt half as many enter and leavti 
the other portions of the Aletropolis; and there is thus a total 
daily influx ami etHnx of more than a million of persons. 'I be 
number of VL-hicles daily ciicnlatiug iu the four great ibnroogh* 
farea wliicb radiate from the Hank, viz , Poultry, Moorgate- street, 
Coi-nhill, and Ijoudon-bridgf, aioounted lu 1S02 to the euurmoua 
Bggre^ttt uf 40,000, as against 3:),iHiU in 180U; and this number 
Is considered to be steadily on the iucieoae. 

In the presence of such facts as these^ it may not be considerfd 
iDop|K>rtune that the attention of the public should tie called to 
tbe considemti<>n of some prsotical measnres for do.ding with this 
question. My own thuuglKs bavo been lunrepsrliuidnrTv directed 
to it lately, in tho course of ctjnsultation with Mr. K W. Barlow, 
C.E., as to the heat mmie of applying stationary power for work- 
ing railways wilh frequent alntinptt, and as b.i the cnatrnction of 
iron luiiiicJa fur uudergn'titnl ::iilwiiya. I Imve read attentively 
the evidence laid before the >>tirliameDtary oonindtiees, and I 
cannot concur witli many of the views expressed in that evidence, 
for they apfiear to me to T<o founded upt^n errouettiis mechnbirul 
basfs. 1 ilierel'ure think it mt^st desirable that, Wfore liirtUvr 
capital is expended, and bi*fore tbe inhabttantB of London are 
uomndtted tc a system which may nut be tbe best, the whole 
question should have that full consideration which ia <lue to tlie 
inagnilu<le uf the interests iuvclved in it. Throughout the evi- 
dence given before the pnrliameulary tiiinmittees, exci-pt that of 
Mr. Heinans^t/J which I will presently refer — there appear to 
me tu rnu two aasnroptioti!t, erroneous in tbemaelves, and leading 
to crroneoua ooncluaious. They are — I. That in order to relieve 
street traffic, metropolitan lines must be in connection with and 
form part of exi»ljug railway aysunis. i. That subterraneaa 
lines mast be exuivated from the snrtaoe. 
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1. With regnrd to the 6ral of these attsuniptioiia, I mtrnt cou- 
teud liial railways iiitoudM lo felicvg tliu street tmtfic must, ah 
iietirly iib posaibte, tnke the place of the convejraDce« non' emph^^'eO 
for Ihnt traffic. Tlieir trains— or rather siiccwsive single cnr- 
riacMi — must bo extnimely frequent, their atfttioDs very dose to 
CAui) other, and th(>rt>far0 their stoppn^fca frequent; aod Uieir Hues 
mtiat be parrUIel or coiucidont with thoae uf tho thor ughfaree 
which renuiro relief. Ereu if all the principal rnilwayii were 
connected with each other, and with thi^RrtMitctnlresof bunincsa, 
tlmae connections wodM be fully occupied by the tlirough ti-uRlc 
T<^r the internal ciienlatinn, properly »u calleil, a syHtein totally 
liiktinct and independent in uceiipd, a fivsUTn wliich is incapable 
of aubserrtDg the purpoae of railway oonuection without yreat 
inennveDience tii the Kbort-Htage piiHHeiigers on the one hand, and 
to til" Inng-ataRe travellers on the other. The verycircunmtances 
wliiirli have made oianv Hnea avoid points of iiuportance^that in 
to BnT, the vnloe of tfie property and the crowded condition of 
the lnoroughfnre» — are those that demand special railway aocoin- 
roodation; and tbe points that arc now avoidefl are those which 
nt<«t require the application of «niiie bettor hyatom. Again, the 
iMaditioiis of great lines extendiii)^ from the Metropolis far into 
the conntry are very different from those of line.t devoted to in- 
ternal circulation. In the one case it wi>nhl bo ex[>ci)8|vf, danger- 
OUH, and in every way inexpeclirnt, to reduce too much the 
magnitude of the trains, and proportionally increase their 
frc(|Ucocy; and tnivellers starting on a long jmiruey make their 
armogcnients to Ruit the hours of the trains. But, for internal 
traffic, the frequency of trains cannot be too great; for person* 
desiring to pass from one pari of the City to an»tlier dn not and 
cannot lay their plans w as t') suit particular hours of departure, 
but most find a conveyance ready at evei7 momeul. Again, 
unleaa a railway could take up and put down pUMsengers within 
a few hundred yards of their points of departure or arrival, it 
would be comparaiively useless for the relief of internal iratfic. 
A passenger who haa to take a cab or au omnibus for half a unlo 
will as readily take the same cnuveyaoce for a mile or two miles, 
because tbe loss of time niid inconvenience of changing mad wail- 
ing at stations more than compensate for the superior spee^l over 
part of the croiind. 

To fullil all the exigencies therefore of iniirnil traffic in such a 
oily )u> l-nnilou, it is not. I believe, too much lo say that there 
must be, coincident with t)ie great thoroughf nea, a system of 
railway accommodat-uu in which the trains shall start every two 
or three minutes, the fstations recurring every 300 or Hxt yards. 
The evidenct? of Mr. IJomnnti, C.E., on this iJoint is as follows: — 
*' I have au impi-cisjoa very strongly that there must be twoj if 
no', three, systems of rnilways in London to do any gooii. For 
insiaucL*, my iiupr«<isiou is, that railways will be needed, and will 
probably 1>e msile, in London for Incni trafHc, auch as omnibus 
traffic, that need nut necessarily have any connection with the 
general system of railways. They may begin at one point and 
terminate at another, without having either level or rails in con- 
nection with the through system, lu fact, I believe it may be 
found more convenient to have huch railways as that for many 
purposes; and next, T think that to make goods imius traverse 
across the Metropolis, will require separation from the p^isseuger 
trains event un11v." — Mftrapfilitun Itailtray QmtmUsion, ^JlM.Tulv, 
1803, J). 1 -i;i. 

2. The second assumption which ap^iears to me to vitiate much 
of tbe parliamentary evidence is, that sublcrranean lines mvjst Ira 
excavated from the surfnoe, Clranting this to be true, the cost 
of purchasing the hoaic-s and land, tho daugcr to the adjoining 
properly, the inconvenience during the excavation of the works, 
and the great annoynnce resulting from the working of the lines, 
are suCScient reasons for avoiiling the great centres of industry 
and traffic, and for selecting lines which »re too far removed from 
tiinse centres to be of any value in relieving them of their over- 
fforged circulation. Indeed, if this nasumption bo assenti>d to, 
Uier« is almost an end to the whole qucxtiuu with which we have 
to deal. It may theri-f -re be worth our while to inquire whether 
thero nre not menus of constructing railway lines underground 
through the most ciowdcd parts of the Metropolis, without open- 
ing a single yard of the surface except at stations, and without 
disturbing, in the slighte<<t degree, Ihe levels of the ground, or 
iDlfirferioff with tbe stability of adjacent huitdiuga. 

Tt has been said, with justice, that whenever a mechanical 
want is really felt, mechnnical means of supplying it are sure to 
be forthcoming. Ingenuity ap|>fars lo follow the ordinary laws 
of demand and supply, and in almost all the great iaientioas of 



our time we have exnmplcs of the truth of this observnlioo, Nor, 
generally, when the demsnd occur.-i is the supply of a niggard 
chnnicter; for England, furtile in many proilucLs, is in none more 
sfi than in tbo«e »if mechanical invfuiinn, I hid, therefore, pre- 
|>ared to see, before the la|)se of many months, nnmerous plans 
for constructing buhierranean lines without opvtiing the surface 
or disturbing foundnlions; because that, I am cvnvince*l, is & 
desideratum, and when, it is acknowlwlged lo bo so, many active 
br.iins will he at work on the sohnion of the problem. It is 
suHicit-nt for my prcxrnt purpose to indicate one plnn, proposed 
by Mr. barlow, whicli, whatever other merits it may |KM!«ess, has 
at least that of priority. It is a plan which appears to m« 
thoroughly practicable, easy of application, and economical; and, 
as I bflieve it has not yet been made public, 1 will endeavour to 
explain it briefly. 

Mr. Barlow proposeft for rnilwnys, where they are to p«M 
huiieath a town or under a river, tu construct underground a 
tunnel or tube of iroo, made in short lengths, bolted together by 
internal Saugea, each length being formed of segments, also 
boiled together. The pieces are thus comT>aratively Hmall, Ugbt, 
6a!«iU'transfK>rted and handled, and tbeycan all be fitted togeuicr 
bcfuie they are buried. In front of so much of the tube as has 
been placed in tUu, there is a circular shield with sharp stwl 
fnuit ertgiM, and a oylindric:il Hug behind oa|>ahte of sliding tele- 
scopically over the front end of the tube. The mode of carrying 
the inventtoo into effect will l»e Iwllpr undpr^tnod by reference 
to out plAte, where Fig. 1 sIiowh half elevations of turmel nod 
excavaUtr; Fig, 2, a longitudinal section of same. Fign. 3, 4 and A 
are simiUr views of another moditication of a snmen-hat differ- 
ently arranged tunnel and excavator; Figs. 4 and 5 being sections 
at A A and BB. The front, or face, of the shield is divided into 
conifNirLnirnts hy ribs, also having sharji steeled edges, and each 
of these comjiartments can. If necfMsry, be covered in tightly in 
case the excavators should meet with wat«r or quick.wnd, which 
might deluge the works if the whole or a Inrge portion of the 
front were open. A t>"rtion of the tube having been placed in 
situ, the shield lieing in front, with it*i ring covering Ihf last 
length, precisely like the lid of a tin can, the excavators inside 
the tnbo dig out the earth from the \'arion^ coni|)artmeot8 in 
their front, The whole shield is then preiuietl forwards byscrew- 
jackn, hydmnlic, or other ctuivenient presstird, until there is 
Ttivm lo till in a new lengih of tube between the shield and the 
front flange of the tube already laid. Tbe cylindrical back of the 
shielil lieiui: neceRMirily larger, by its own thickness, th.in the 
extermr of the tiutahed ttibe, on being advtittced, leaves a narrow 
annular space around tbe tube. This space may Iw tillt-'d by 
inj'ictiug, through holes in the tube, cement in a liquid stale, 
which, on ratting, will not only till the vacuity, but also make 
the jointings of the flangee light, and form an efRcient sod 
durable coating for the metal of tbe tunnel. As each length 
of tube would be not more than 2 feet, each succesBiro advance 
of the shield would not exceed 2 feet, and thus there woold 
never be more than 2 feet of unsupported ground. There need 
not, indeed, be so much, for in case of a very loose or free 
noil the process of injecting the cement might go on during the 
advance of tlie shield, fto that not an inch of length would be 
left unsupported. Mr. Harlow does not confine hiniTelf to this 
particular mode of constrticting or opi-rating with the »hieUi; 
tiut, as these are questions of technical detail, 1 abstain from 
entering on them, considering it wifficient for my present pur- 
pose to show that there are possible methods of ffTecling the 
objoot in view. 

The siuking of iron cylinders to considersble depths in the 
LoiKlon clay ia an operHtiou now perfectly well understood, 
ntid one of do practical difticulty. Mr Barlow proposes toper- 
form the same nparslion horir^intatly insteail of vertically. H« 
does not propose to advance the whuU* tube, but mr'tely the 
shield, filiiug in thu tube in short lengths as he pniceeda, and 
using the fixed portion as anabnlment forpres-tingthe shield atUl 
farther in advance. U would tfins be practicable lo <N>n^lruct a 
tunijpl, of a chenp, strong, and siibetsulinl character, wilhont 
either ojieuing tbe snrfnce, or interfering in the elighii'st degree 
with the stability of adjacent or superiucnmbent structures. 

There is still one other part of the iubjecl which is deserviof ' 
of the Dioet careful consideration. 1 allude to the |>ower era- 
ployed, or mode of traction adopted in snch lines. I believe 
I correctly represent the public feeling when 1 ?ay that Incomo- 
tivea are quite out of the question. Giving those et.gineera 
who Unve made tbe locomotive what it is, every credit fur their 
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efforts and succcbs, auil mltuiriDg an, I Jo, tlio locomotive as one 
of tlie greatest tnuiuphs of hummi ingonuity, I rouat yet aftirm 
thot, for Hucli a puri>ose as this, it \s utterly iiiapplicAblc. Aii-l 
this fur insiuy rtsaaons, among •which 1 may [urticultrly note its 
Htze nod vcight, ita toes of useful elfeui io moving \U own mnu, 
its loss of tioie in Rtartiog and hiu<lraiti» iu ^Vippiag, and, 
ahore alt, the nnnnyancc of it« smoke, aLeam, and nuiac, which 
reudci- utidergrouiid lines itliuuat intolerable. The very measurea 
that have beeu adopted in ordtr to diminiHh the unwholesnrue 
nud dJHagreoable ctfecU of u tucomotive in a lutiucl tell agniiist 
it iu useful ed'eot, for they add to the iun.s8 that liaa to l>e 
moved, aod involve complexity ta the deUtiUof the machineiy, 
and, consul ueotly, greater risk of accideot. Besides, if it bo 
granted that stations mast occur every 300 or 400 yards, there 
would be 00 time for a locumniive either to start or t«'» stop a 
train in that short space; and the tmica being very nnmenms 
—one every two or three niioules— the number of loatmolives 
reouired would be so (freai, and the risk of accident so m.i:- 
nined, that this scheme of tractioD conid not for a momect be 
enter taioed. 

If, theQ.theprinolpleof locomotivti tmctioo must be abaodooed, 
we must ein|ulre into the best substitute for it And Iiere we 
are limitoit to two flystema of propulsion. One is that of a trac- 
tion, or impulse sustaineil tliroughout the whole or greater part 
of the trip, whotlier by a ropo or by atmospheric pressure, 
or by other meaus that !?;ive been or may be devised. The 
other system is that of a greater impulse given during a small 
portion of the trip, leaving the momentum of the train to carry 
it over the rest of its journey. e>;>me of the advantages attending 
the system of ]iartial or iuitini propulsion having b'CQ already 
clearly pointed out by hlr. Harlow, 1 will exphiiu the views 
vhioh I have been led to form, without coutnutting to some 
IfWiDta the two systems to which I have adverted. I do not now 
rpropoae to contrast Mr. H^irlow'g system with that of looomotive 
propnlsion, for I have assumed that locomotives are inapplicable 
to the object we have in view. I have to contrast it only with 
•yatems of continuous propulaion etfectetl by stntinnnry jKiwer; 
Aod I believe 1 shall be able to show that Mr. Barlow's system 
CDts many advantages in all cases when- stationary propnl- 
t power is aidopted. In this {larlicular case the conditions of the 
problem are— I. Very short stages of SCO, 3O0, or, at most, 400 
yards. 2. Very frequent trnins— one every two or,at moat, three 
niiautea. 3. Very small tmins, oousistiag uf one or at most two 
otrriagea. And for the solution of this problem it may he 
^assomed that the system of propnlsion is not to be a)>plie<l to 
llinea existing, but that the lines themselves can be devieed so as 
'to sail the most approved ft_\*8tem of propuUioa. 

The principle of coutinuous propulsion may be likened to a 
gradient of mo<lerate inclination eilrmling the wlu>1o distance 
over which ilio train has to move. The principle of initial pro- 
pulsioi) resemhies, on the other baud, a t'rndient of much steeper 
inclination extending over only a smHlt [Lurt of the distance. The 
problem ihuit theoretically reduces iiMelf to the question as to 
I which is the line of <|uickeat descent from one given startiug- 
^ point to anoUier termmal point situutcd at a lower level, and at a 
distance of several hundred yards from the starting-point. Tliis 
line, ms we know, is not the inclined straight line joining the two 
. points, but is a cycloidal carve, having rapid descent at 6r8t, and 
I Approaching mure iind mora nenily to the level of the terminal 
point as it proceeds. A body descending through a given height 
in this curve reaches the lenuitial |>oiut much sooner than it 
would attain if it moved iu the straight line or in any other 
curre. And, conversely, if the transit must be elTcctedinagiveD 
time, the ditference of level may lie less when the curve of desceut 
is cycloidjl than when it is of any other character. So ftir tliere- 
fore the principle of initial propuUiou excels tliat of oontinuona 
propulsion in economy of time with a given power, or of power 
with a given time. 

But titere are other conditions which have to be taken into 
account. The train has not only to be startetl and propcltei) along 
ita oouDK, but has to be stopped on attaining the terminus. The 
force necewary to retard, and hnally to arrest its movement, oor- 
resi>onds with an adverse gradiout,'and this, so far as time ia ood- 
ccrnc^l, must [uixtake of the some charnctor as the gradient for 
starting. The question, therefore, resolves itjelf into thin: — 
Oiven two points, distant from each other, siy :HMt yards, and 
SJtaaled at dilTcrent levels, what is thenalur*' >if the cnrvf joining 
them, so that a body, starting from a state ct rest, shall ruu down 
the slope from the one point and up the slope to the other 
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attaining rest on nrnviog there, or retaining a small residual 
velocity, in the least possible time with agiven differriicu of level, 
or in a given time with the least difference of levelT That curve, 
it is neetlliaw to show here, is of a cvcloidal character, having its 
moat THpid descent nt first, gradually approoching the level, and 
again rising towards the terminus. 

In making these ob>iervniious, I am aware that railways caiinot 
generally l»e made in cycloidal cun-e«; but for subterranean lines, 
with frequent sljitlons, i see no reason why tliis principle should 
unt tie adopted; and for this view I might quote the authority 
of a great intellect, that yf Dalton, who suggested anch a plan 
mftny years ago. I mean simply that, whatever l>e the nature of 
the propcHhig power selected, it should be graduated according 
to the law wiih which gravity acts in the cycloldol descent; and, 
so f.ir, 1 am bound to express my acTonl with the views which 
Mr. Barlow has laid before you, for those views are fmnlwl upon 
the correct priDci{de, which I have endeavuumi r^itghly to 
ilUistnitc. 

Even in existing coses, where stationary power is applied to 
propulsion, I am btiuml to coudude that moilificationa made in 
the direction pro(K)seii by Mr. Barlow would bo of advatitage in 
economising power with a given time, or eoouomlsing time with 
a given powei. And this economy beoomei more marked, the 
more frequent the stoppages and tne more uumeroos the traius. 
In prospective cases, where the arrangements have to lie dtvisod, 
it is tlierefore most import^mi that this principle should be kept 
in view. Nor do I think that it would bedi'Ecult to devise tliwse 
arrangements iu such a manner that the (wwer, instead of liciug 
8ubdivide<l, with a portion plautenl at each station, might l>o con- 
centrated at one oonvenieni i>oint^ and communicated by tluid 
pressure, or other zneaoa, to the dttferent subdivisions of the 
system. 

Flnrence.—Dant9*» Aowse— The present capital of Italy promiaes 
to bcoomc not only one of the finest but even one of the largest 
cities on the ('nnliiienl. Pre[jaration9 are made to purchase the 
house ill liie Via St. Mailioi, supposed to have tteen the birth- 
place of Dante; bnt the owner makes difliculties iu the price 
diMu.-»nded. An appeal has Iwen nia<lc to the poet Alcasandru 
Mansoni, to petition the senate for an order of expropriation. — 
The mnnicipHlity of Turin has named a a>mmis.?ion u\ choose a 
site f'lr a new bin-isl place. The secretary of state has given 
leave to expropriate the houses of Camrdibli di St. Lorenzo for the 
efctiiblishment of a central market in the limits of Via dell' 
Ami<?ntc>, Via llomita &c., which ia one of the great projects in 
contotuplation. In some of the newl^ built districts, the option 
\\x* been left with the pniprietors, to execute the plans at their 
own t-x|>eU)<e on their own hinds. 

Oteaginoua AtiRemi. — Tlic diacnvcrj- in New South Wales ot 
mineral shale proiiucing kerosene oil is likely Ut prove of import^ 
ance. If Uie colony have not oil Hprinjrs, and may even never be 
able to tiud them, it )>uKttea)i«s iu abondauce the material ont of 
which oil can be mani^aciured. The oil can be extracted cheaply, 
and the process at the present price leaves a good profit. The 
consumption of kerosene oil in thesu colonies is l^rge and is 
increasing, and, even when local demands are supplied, there is 
a foreign market in the East easily accessible. In addition to 
the oil, there is a demand for the mineral itself. 1 1 is found lu he 
valnable for the production of gas. Some of it has been cxperi- 
mentetl on at the Sydney gis works, and some at Alelbonrue. 
Some has been sent jor trial to the gasworks at Sing8|>ure. All 
that has been done at present has been experimental; hut thewe 
ex|>erimeiit9 are so nonchisive that capital ia being freely adven- 
tnreil in the enterprise. Machinery is being set up for distilling 
the oil, and before long the tirst snpplie« may be ex|»c<ted in ih© 
market. The principal deposit at present discovered is near 
Hartley, in the valley of the Lett, and witliin a few miles of the 
line traced for the Great Western Railway. It is verv similar in 
character to the Boghead mineral of Scotland, but of a su|*eriui 
quality, and the seam is a rery fine one. It has yet to be ascer- 
Liined how far it extends, and at what points it m.iy be conve- 
uieutly accessible, but several parties are examining Uie country, 
and its mineral rvstuirecs will soon bo better known. The exist- 
ence of the petroleum mineral at Hartley has been known fur 
year*, fragments ol it lying on the surface of the ground; but iu 
identity with Uie Boghead eoal has never been shown, and but 
for the great American discoveries it might possibly have rm 
niained long neglected. 
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NATIONAL PORTRArr EXFTIBITION IN 1S66. 

Tint Lords of the Committee of Couocil on Edncntion hnvo 
ileterinineil to hoUl » National Portrait Exhibition at Sonth 
Kcnsiiifftoo, in tlm Amuiea ovi-rlooking the liojal Llnrticultural 
8tjciety'a Gardens, which will W oix'liwl in April, 1866. 

This Exhibition. i-» basM iip^n the aaggeatiuna made bv the 
Ejirl of Derby, iu a It-iU-r dnterl 6th May, 1863. 

Their Lordships have conatiiinwl a Committee of Advice, 
consisting of the Trustera of the National Portrait Oallery and 
other noblruieii and K*?iitlotneii. 

Mr. Samuel Redgrave, to whose valuablplabonrs the snooewfiil 
formation of the ctdleotion uf Furlruii MiuUiures \a chiefl/ due, 
has undertaken tho special charge of directing the Exhibition, 
and Mr. Skctchley will noiaa Secretary. 

ArrungemMtt approval /or the E.rhthitUn. 

i. The Exhibition is specially designed to illustnLte English 

history and tht* progress of Art in England. It may be dividi>i) 

into two or three sections, representing distinct historic perJodii, 

exhibited in successive years, depeudiu!,; upon the number of the 

Kr>rtiaiia receivt-d, and the space nvailiiblo for their proper exhj- 
lliou. 

2. ft will coTDprise the portraits of persons of every claM who 
have in any w.-iy aUaincn eminence or distinction in K<i::1nii>l, 
from the date of the earliest autlicntjc fiortrait^ tii the |>r(-aeiit 
lime: bnt will not include the portraits of living penous, or 
IMirirait!! of a miniature character. 

3. Ill r^ganl toart, the worfaa of inferior |>ainter8 repreaentinK 
di))tiuguifibed persona will be admitted; wbilc the acknowledged 
works of eminent artists will be reccive^l, thoagh the portrait is 
niiktiown or does not represent a dintinguiahod person. 

4. Tho portraits of foreigners who hav« attninetl eminence or 
iIi»tiiict)on ill Kn^lan<) will alao be imdudcd, with [lortraits by 
forei|^» artiKl^ which represent personti ao dintingaishe*). 

.i. The Exhibitiou will bo held at South Keu^lugtou, in tho 
fi]>;tciou8 brick building used for the refrpshment-ntonis of the 
InLeruatiouid Exhibition of 1862; and thei^e uallerifs, wtiicli are 
pvrlV>clly dry, will be fitted up expressly for u^e Exhibition, and 
pairolled day and night by the police. 

K. All charges for the conveyance nf pictures accepled for exhi- 
bition by the Committee will be defrayed by the Department uf 
Science and Art. 

7. The Exbtbition will be opened early in Apiil, 186C. The 
piMlraitfl, for thu purpo&e of proper arranging and cataloguing, 
will be receivdl not later thau the second weeit in February, and 
will Iw returned at the end of Augiwt. 

s. The Science and Art Department, nrleaa the owner objects, 
will lake photographs of such ptrtraits as may be useful for 
instruction iu the schools of art, and allow them U) l;e sold in the 
itiuseDm. Two copies of each photograph talten will be preaenti'd 
tn ttie owner of the picture photographed. 

'.). Tho dcpnrtmeut cannr.t be reHpciisible for loss or dnmage, 
hut every jmsiiible care will Iw taken of ^vorks lent. 

IU. Alt correBftondeuce, marked on the cover ** National Pur- 
trait Exhibition," should be aildreesed to the Secretary of the 
Science and Art Department, South Kensington Museum, 
Loudon, \V. 



Coioration of GbiM*.—M. Pt-lmiw, haviog obeerred that the 
gUuaes of ctiminvi-ue were coloured yolhiw Xy carboti, sulphur, 
silicon, boron, phos|ilioru^, Hli)mlnium,aitdeveuliy bydrogcti, wa^ 
letl to make a series of exjieriment*! fnr the purpose uf ascer- 
taining the cause uf the ideniily of the rtvultH with huch ditl'erent 
reagents. The cuiichi>fiun>> which tic has rrjicheil, and whii-h his 
cxiveriments place beyond doubt, have a very considemble im- 
pnrtancH in reference tn the inxiailile perfection of our ni»iiiifac- 
tnree of glass. Iu fact, hid (ml conclusion is that " all the glaaaos 
of commerce cDUtai u ftutphatca." Tiiese Mlta{snlphnit.'8 ot'aodn, 
potnssa, or lime) reuder the ghiss more or less alterable by atmo- 
spheric agency, and cnni<.- into the glass front two sunrces, either 
Uireotly from the uho of Lite sulphates na a flux, or fn>ni the pre- 
sence of the tiulplmte of aoda h* iiu impurity in the Ciiinmercial 
c-'irbonnle. The etl'cct of their exintence may be seen by examiuing 
many of the paiies of gloss in our wiudows which huve been for 
some years exposed to the air, when the surfuoe of the glass will 
be found to be corrodetl and partially opaque like {;ronud-glnas, 
and by examitintion under a magnifier wit] be found to be 
louml to Xte covered with crystala. M. Pelouze found these sul- 



phates pre^cQ t from 1 to 3 per cent, in all thceoramercinlglaAMaj 
window, plate, tabli», bottle and Ik-bemian glass: he also foumt^ 
i! per cent of sulphate of soda in a glasa from Pompeii. The 
C-dourattnn is now cosily explained, the rcft|;cnt^ named above 
reduce the sulphates, and produce an alkaline Bulphnret which 
liaa the properly of giving the yellow colour. M. Pelouze provetl 
his propoBtticiU by showing first, that when the glass mali.>rialti 
were carefully purified from sulphates, no colour was produced 
by carbon, hydrogen, boron, silicon, photphoro?, or alumiuiuni; 
and secondly, that an alkaline nulphuret added to tlie pur« 
materials produced the colour. — Acati. Sciencef o/Parit. 

New Town Hall, ITobatt 2'(*u?n Taumania. — The workmen 
are engaged in putting on Uie rnof to tlie present portion of this 
handsome structure, and m* jar the work haa done creilit to 
Mr. Oowland, the contractor, nud i^ivcn general snU«factiou. The 
ucoessary legislative enactmeitt enabling theoorpomti(^>u Iu borrow 
XlO,000 has passed the two houeea of parliament, and is only 
awaiting the royal asiieut According to present appearances, 
the town hall will be out of the contractor's hanits al>uut 
Febtuary or Mnrch next, that is, excepting the Eli7.al>eth-»lreet 
wing, about tho erection of which at the present time the council 
have nut yet giveu a decLtion. With the addiliourd wiug, how- 
ever, Thi9 town hnll will confessedly be the ben huildins In the 
colony, aiiii l>e alike an ornament to the city, and the estanliMhiog 
of the reputation of the architect, Mr. Hunter, and of the coo- 
trad or. 

Th» iianyat CinaJL^There is a lesson to be learat from tha 
state papers on the Ganges canal, publisheil in the supplement 
to the ' Gazette of India,' of the SCth olt. There has been a Insa 
of thirty-tive Lik ha of rupees, as shown in the Secretary of State i 
for India's despa oh, No. 34, of 3Qth June, I86ij, and the objeot^ 
of this article i^ to point out how these henvy loaan may be 
avoideil for the tfiure, as well as to show the cause thereof. The 
Ganges canal whm made by officers, who had a thorough theo.^ 
retical knowledge of civil engineering, hut who hail no practical! 
experience in can;d works — hence they were obliged to learn aa 
they proceeded. We know it was propose^l seriously to constroct 
railways in India on the same plan, and no doubt this would have 
been dune had tl^y been executed from impetinl fuuda We 
pointeil ont, in a f.-mier number, the heavy lojiaes which haii 
occurred from the «ppointment by Govemiuent of connuliing en- 
gineers who bml, j^>>me of them, never even seen a railway coo- 
strueled iu their lives — whnt would have bcfu the result if the 
couBtrucliun itself had been intruBtud to olhcurs of the like 
limitetl expeticuuc, instead of the fully qmdllied civil engineers 
who were sent ont from England \ Why, henvy toss, Aucb aa 
has occurred on the Ganges caual from n similar cause. Had one 
or more civil eiigitieera of largo oxperieuce in canal works been 
induced to come to Indiaandnctascousuttiag engineer to Goirero- 
meut for thcQangea canal, and the local utheei-s of great aptitade 
and real and loail knowledge been employed for the execution, 
this large work, instead of having been a failni-e, would havel>een 
a Baccef>4. — The Calcutta Engintcr''a Journal, Sept. 1865. 

EffJexioAliol Haidinij*, Huiutrl Tottu^ Taamania. — Mr. 0«w- 
land's contract at i,'U>00, for completing the present erectetl per- 
tion of the Komau Catholic cntheflrnl In Harrington -street, is 
being cjtiried out. The boundary wnlU are also to be built, and 
the cathednd groundfi will be tastefully laid out. Mr. Hunter, 
architect, hax the siipervisiou of this work. Measures are being 
adopted for erecting a new place of worship at Clarence Plains, 
fivr the Colonial Mi«Bi<>nary Society, on a site given by one of the 
residents of that locality. The chape] will be a plain, neat ttnic- 
ture, nt a cost within the means uf the promoters, nud nilnplcd 
to the wants of the ilintrict. Koss church is to be Uikeo down, 
nnd a new structure, af »-r the design of the old one, to be erected 
for the Church uf Knglnnd In the township of Komi. At Fliigal, 
the memljors ofthe Church of England havedetermined npon the 
erection <d' a new chni-cb, according to plans and specificittioDi 
prepriretl by Mi. Hunter. The same architect has also furnished 
a deuigii for a new Roman Catholic church at Tyongford, for which 
tcndei*ti are tn be culled without ilelay, The Cougregational 
church meeting iu Brisbane-slreot, Hobart Town, have resolved 
on tfie building of a new memorial church on or near the site of 
the present stmctiire. A sum of £l(HK> wns siiUacribeil a few 
nnuilba ago, iind iiivt-Hted iu det>entnrefl, as the nucleus of the 
building fund, and collectors are actively eugaged in getting 
additional subscnptions. The contemplated outlay will be from 
£i>X)0 to /5000. 
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CHUfiCH OF THE BESURRRCTTON (ANOLICA>'), 

BRUSSELS. 

{Willi an E%ffravi»ff.) 

Iv couliDuattoD of Ibe iltuatni^ioim of IhU Cliarch previmialy 

pivcn iu tliis Journal, for July Iwt, we, tbis month, mM iliereio 

» further tfxterior view. The works are progrwwing but felowly : 

Uie prituary cause beiug the difficulty in obtaining lei,'i4l!ttiva 

coaseot to the completion of tb« ocmvayance of tlio »ite to KoyliiiU 

trDat«6fl. But lliiB will, it i» anliciiMitttl, be sborlly nvorcomc, 

when iho work will hv pusbcj on rapiillv Ut coinplotion. Tbo 

reredos as shown in tbu tuteriur vlcv ptuviously gtveu, ia to give 

place to a aeriea of figures, &c in moiaic, by Sulviati. 



A REVIEW OK THE POSITION OF AHCHITECTURE» 
By RODERT W. KDts. 
Or Dew hnilJingi that hnve be«n completed in the past six 
tuoulba iu fjondon, none mnk so high ew, or nre of more impnr- 
Uuce ibfto, the giivnt UotcU which have rearnH Ibeir lofly heniltt 
above the surroundiujr, comparatively spoakiaj;, pij^iuy honsca; 
and the new hot«U of ChnriuK-cross and Langbani-pUce, and 
the one now juat complBiing in H->tbDrn for the luus uf Court 
Company, are certJiinly great irnprovprnenla npnu the pl-tster 
paUcea vhicb have been before erect«it, and are more eptfttfcinlly 
ootiecable for the aliannt ti>tAl avnidauce of ahum mau?ri»U. 
Wbother we like or dialike them in an art-point, is dimply a 

J|upatioD of individual taate; bnt they are certainly impoMinff, and 
r«e in a gT«al measnre from rococo omaffleol and plaaler 
imitation; and anything in the way of example lliat may be Mt 
for the lesseniDflf of the evil of Portland cement, is oertainlj 
deaerving of ail praiao, not only from an lEsthctic point of view, 
bnt alao becnuee cement for external work iu Lomion scenia to 
be of nil mnlprial Lho worat, aa can be exemplified by th^ Bmnky 
and nbomiuably dirty appenrancv of most of the buihlings in 
vliioh it lias been osed; and it is uuly after mtcceajiiv'c and 
constant cAatin^ of point that he material in any way is made 
to look decent at aft; aud I ahnnld imagine that the triennial 
painting of these plnmer jialacea muse be no amall ex)ietnie to 
their proprietor*. The intriKloetion of terra-&illa iu the Chariug- 
croRB Hotel in e«iiocially worthy of our study and imitation. 

Toatcit differ as rcj^tirds forms and styles, and examples to be 
imitated; and it is to be )iope<l that we may never uiitirely agree, 
for I caunot but believe tliat it ia this dilference of opinion Uiat 
calls up the constant competition and aim to excel and improve. 
Bal th4 more wo seek to insert iu our designs, in place of the 
aham materials which even now hold bo much sway, good and 
trae materials, the higher will be the standard of our nineteenth- 
ceotnry architeoloiT, and ihe more ahall we <^1 forth the 
Ihonghta and designs of the ]iottcr and other art-workmen, and 
a|>ea np and renve much that has been latent in mnt^riaU and 
art-maunfaclure; and by endeuvnuring to de«*igu our building 
so that their decoration nhall not only be conttlructiuiial and 
i*eal, but adaplod for ninans that we may have at our dispoaal, 
iuatead of necking for bnd aud unreal orunment, we may hope 
that we shall get manufacturers and others to compete iu re- 
viving the old, or iu inventing new and better material'* for our 
iwe; and so form a kind of fellowship with ari-mitnufni'turer* 
which shall be of advantage to U5 as well as to them»elves. 

To combine with good, skilful, and artistic baudicmflamen 
must \m! our aim; and by so doiug, I tliiuk we may yet hope to 
liave the ancient decorations of the |H)tter iu all our buildings), 
aud obtain, at the same time, something that shall not only give 
oolonr aud effect, aud by it» plasticity be easily worked to our 
design, but also an ioexpeusivi? materi.1l, which iu Dicho days of 
cheapness and competition will be no amall matter, l^t ua hoiie 
that the architecUi of our day may be dilTcrent ir<*m those of the 
days of that great potter master, Josiah Wedgwood, and that 
intleod of snubbiug his su^^gestions fur the us" of terra-coLu 
oniameuts aud bua'n*tiera iu the fa^dcs and dect-'atiouH uf their 
buildiuga, we may take advantage of his sug^ "xLions, aud not 
only seek to realise his day-dreams, but also take example by our 
Mr^isval aud Saion foremthera, and mako use nf this and other 
materials, which their wonderful artistic aud mauipntativc skill, 
M exemplified by hosts of examples still temaiurug to us, has 
converted into so much decorative and practical use. 

* Vnm ma yjinm nad at Ibt AraUtaABnl AmadtXiaa. 



I.'t \ih tseek to do our A**( io all wo do, and, to use the words of 
Ihw able hiognpher of tha life of Wedgwood. |*EvBn aa the m«D 
of scienco purify the atmosphere of tnir cities ami towns, aa 
oesuiedly they will, let oar public bniMings become, in the beat 
•euJie of the word, palaces of art, and the interior -f nur houses 
shrines of simp e iJiate iu oroament and colour. Wall-lininga of 
tei-ra-cottft would do away with the l*arl)arf»ii» taste of the paper- 
hanger anil upholsterer, and floors of exquiiiilo tilework wnnld 
serve to border the warm embracing imrpet Here would be 
work enough for the poUerand the artist; ami in the chaMtity of 
colour and the purity of design we might rival »uti<[aity, whilst 
true to Ibe spirit of our geueration. 

1 do not believe tliat this is any romaotlcoUy of-ne-ived idea. 
Much lies before ns, and if we will only earnesUy •>; -ive to «w 
all that God and nature have given us ami to work in fellowship 
and bTi>iherhood with our fellow men, we may yet have in oor 
day aud genemli'm some national — nut, mind, a nrir — style of 
architeclure, appropriate to modern ix'qnirements, which shall 
save us from tho ."iliame of being mere oopyiats of other men*a 
work. Pray d<i not think that I ask you iu any way t-i listen to 
any of the empty aud idi'»lic talk al^ut a new style, for, as has 
btwu writcn by an eminent art-writer, "the essence of a style, 
properly so called, is that it should Uo practiwsJ for ago*, and 
applied to all purposes,^ hot onr aim tthonldbe, while studying 
the grand examples of ancient work that are left to ua, to seek 
to iK'Higu our work so thai it may W not a mere peeudo imitation 
of Mediflsvallsm, but in sf-^inl'ttnco with present reinjir«raents 
and modern inveutions. I think we may, howeve-r, fairly oon- 
gratnlato oursolvea upon having made aome considcii-able progress 
in architectural dt-sign in the laflt few years, if in thi« great city 
■we lof>k at the bnildlng^ both Bcclesinatical and civil, that have 
recently been erected, anil aimiwin: them with tho«e of twenty 
years ago. AmongBt churches lately built, there U one to which 
I would esi>ecially draw your atteutiou, as being one of the best, 
if not the best, of them .ill. and one which extnipliflcs in an 
exceedingly good and beauliful manner how much can he <lon« 
with plain honoflt brick, — I mean the church of St. Peter, at 
Vanxhall, by Mr. Pearson. 

You will see in this church that everything Ibal has been 
doncjbai beeodone thoroughly; there has hoonnosciimpiog. — and, 
moreover, tlio arcliil^tct has evidently in a way bwu 1«uud down 
by the narrowue^ of wurdly meau$, and has yet so designed his 
building, that hereafter, from time to lime, may be added suoh 
decorattou in tho way of fresc* painting, itc, as meana may 
permit. There has been a careful avoidance of all attempt after 
"bizairre" ornamout, and ovurfiowiug of paint and cement inlays 
Everything is simple aud honest; no uotchinga, do chamfers, but 
all is snbAtantial and good. 

One great feature in thin church, and one worthy of our stndy 
aud imitation, is the brick-vaulted roof; ami another, the large 
wall ■]>acea or jianela that are left to be tilled up hereaftor, when 
me-ins [tarmit, witii that best of all art-decomilon. figure subject* 
in fp-'soo; aud 1 cannot but think that we should be right m 
seeking to imiute this modern example set before us, and id 
airing the means at our disposal for figure subji-ota, lut proposod 
here, rather ihau apendiug them in nnroeaning conveutional 
diooratiun. aud lines, and zigzags, aud dnts, paintetl, or inlaid in 
oeoient, all over walla and roofs. Suruly the jmi^r aud simpler 
the decoration is. the more it will U.- uuiler»tood and appreciated. 
There are many other notable ohuichus lately erected In and 
around London, iu all of whicli there is much to be studie«) and 
thought of, but amongHt so many goo«l ones it would bo invidiuaa 
to particulanMe. 

Again, in tbo Ci^, and In our streets, surely we must adroit 
that grv'at strides have been miule townrd^t improvemeDt iu the 
warobonacB, public offices, and ah. .pa, that have lately been 
erected; I will not preflumetoindividntliBt- anyone of the«p, hut a 
walk llir<iiigli IvumUird- street, Cornhill. Fleet-street, and nthera 
of the more crowded streets of Loudou, will surely oonvinco you 
that there has been " some sliakiog amonywl the iKinea." Even 
our engineers are now calling in the aid uf ,'krchitccts to desi^ 
their stations, and in r>art their bridges; and I think that with 
the new stations at Ciiaring-croM and Hliiukfriar^, ami Lhoseuow 
building in Cannon-street and Hroa<{-stre«t-bui Id iuga, we shall 
have some reason to consider that our art is tauog higher 
ground. 

Even now, in this great day of capital and wealth, the great 
public oompfioiea, as well as private enterprise, an> boHog 
through, OS it were, and destroying many of tbe olaius of this 

fift 
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grest cily, thrwidtng: their way with nniot, progrenivo ttep* 

IhnuisiH •>!(), narrow, nmi dii-ty bywnyn, dfraolishing much that 
i)« uply and incoiiVtfiii«>Dt, atnl ojwniug nuL nevr ftreola and now 
VThVi, irtiioh, ^f) »O0D as time fihall litvo funblcd Iheiu (o rebuild, 
will do RoiuethiiiKi I hope, to ovcj-tlirow that cHliciBin of our 
ii«I^hboiin4 ncroR! the Channel, and convince them that we, in 
M old En^lnii-t, are not quite »o destitute of taste as they 
&uld fondly imagine. 

' TIjc new atneu ihi-ontfh BlackfriarB to the MoDaioa Houw 
ihnt the Melropiditan Bonnl of Workn are aboat making, and 
the )ni|]n>Ti!nientii al rinilicn, ou the Marqwia of WMiminntor'ii 
Mtatd, are all nwpfl in the ri;;ht ilireclion; and Bonie of iia may yet 
lird to sccthafid^iiuB streets of honest jjood building*, and Ree theiu 
aliu> frae from the film of nmokc aud uiist that at prenent are pari: 
and pareetof this ^rent city; for I nni Kftiigiiine enongh tn believe 
chat improved akill and Rrtenco will enable, uot only public 
fiiruacefl, but also private pratea, to connnme their own amoke, 
aud thereby render us free fi-r^ni this curse aud trouble, that 
makes our city show out no unfavourably compare"! with Paria 
and other mnderu continental Idwor, 

Of course we may fmd fault with something, if so dUpoaod; 
aud it it uot to be exiwcted that, at ooce and entirely, we ahall 
>thake off iha teaching of long years of bad ta^io; and in much of 
tho new wrirk it may bf that there \» too much strivinfj after 
show and efTcct, rather than mmplicity; too ranch copying of 
" bizarre" oinnmont aud overlaying of decoration; bot I cannot 
hot thiuk that, in duo courBC, all this will rectify itself, anj that, 
M mir nrt-'Hiucatiitn iuawuw.t, auii our raiigf rtf exarapl*** becomes 
widor — and, thanliis to the iron way, which oindern skill and 
modem science have interlaced half over the world, and an.' atill 
iat«r)Acin^, we are able each yejr, If we will, to increase onr fllore 
irf Mcdijeval *tuiiy. and tn see each year mi-»re of the art and art- 
work of our fore fat lier«—«o much tiie more will our idpa« l/ine 
down ftud be fiimpliBtsJ; aud also, so mnch the more will tho 
pnhlic, who by the finuic mcana can we alt that we see, invivt on 
a truer and better kind of art-work, and be aattafied with leaa 
oniamenl imd more reality. 

Not i>uly iu ai-uiiiteciure proper, but in all its aeoeiioriea, mudt 
we hope to see continual and inercaaing pro|rre«s; and that, by 
ililJKenily iierauadiog our ro an u facto rem and jewellers, opliol- 
dterera, ami hnwa and imn workers, and all other trades which 
taoro or lev have aomething to do with art-work — or, rather 
should hiTc; for, at prcseot we cannot say much for tho art or 
the work that Ihese gentlemen turn out — to either obtain the 
aid of nrtiatii to di^tii^u for tlieiu, or, at all events, In employ .% 
designer who ahall have been more or leas educated to his work, 
we may hope to get more tMt« aud art design in everything 
around us. 

Within the last f«w years the art of Btaining glass in Gugland 
had t>een making rapid pro^reM, and the works of many of ihp 
luanal'icturera of the pieaeut day may, I lliink, even bear coni- 
pnrisoa with anioe of tho best old work. And why we Bhonld 
not bo always able to do good glass now-a-days, after all the ijrcaC 
improvements that have taken iilacr, and the infinitety greater 
facility fur ohlainiug matttrinU ui all kinils, is a thiujj muoli to lie 
marvelled at; but until true artials — micd who nut only cau 
draw the fi)^ure well aud properly, but who al§o know how to 
L*olmir — nro employed to deHi^n and eolonr the cartoons, we can 
hardly expect much improvement lu aiatued ^lasa design. Some 
tuauufaclurei*B have availed themselveit of this aid, and in tbo 
tarlooDs of Mr. Hnlliday for the windows of Woroeat^^r College 
Chapel, at Oxford, wliioh have bcou ably worked out by Messra. 
lytvers and Harraud, we see the great desideratum of employin;; 
arttita to design. But inasmncli a9 the artiiit sood ri»efl aWve 
oarloon deaij^'niiiij, and, as soon as he pets iiatuo and fame by loiue 
lucky Aciidemy hit, no longer is willing to work at mei-e deco- 
rative work of thin kind, no much the more does it become a 
neoMtity that oar art <lcsignors shouhl bo edncate<I in figuro- 
dnwing and colour to a much greater extent than at present; 
and by the aid of our t)o vera mental BchooU (.ibont the only good 
thing Government has done for art fur a lung time hna been the 
ostabli^hiug of these schooU), let qh ho|H> that a belter class of 
designers and art-workuteu uiay bo formed. So much for tho 
ilesign of tho gln«a; and for the {[Inss itself we roust trost that 
manufacturers will even'.nally h« able to give their glass aome- 
whal more of tlie old texture and odour. ItoubitesH the glass of 
C'harlres Cathedral windows, and all the other old stained glass, 
owe* much to the hallowing aud sobering iulluenceof time., which 
has touej it down; but let us hope tUat, oi-e long, we shall get 



that exqaUite jewel-like Appearance and thoroaghnees, if I mar 
uue the woni, of i-olnur which the old glass has, instead of the 
vuk'iirify and gaudiness and crudeneas of eolonr which pertAin 
to 90 much of onr modern stained glass; and fn>ni what has beeu 
done by several roan ufiutu rem, we may fairly hope that w« ar« 
in the right way to havti in onr day sUdnc-t glass equal to that of 
the thirteenth century; and yet see the churches of onr tibe 
"blazoning with the radiance of jewelled aud geudike arabesques^ 
and coloured crystal, instead of rulgar copies of bail foreigo 
glass, aud the still more >'algar commingling of crude aud vnl^ir 
colours. 

Again, with regard to metal-work, and the work of the aUver- 
aniiiTi aud the goldsuutb, how abominably bad runat of it ia We 
either have heavy unmeaning roaAses of cost brass oruanient, or 
elfie finnikin cut bra»M leafage and scrull-work, with just so much 
deaigu as the ability of the mauufcictarcr is able to insert. Why 
must everything we have around us be neceeaarily ugly I What 
can be more atrocious than the Untmmagem cast bronse, or 
iuiiUttion hrorixe work, that hangs as gaseliers from our cciUngaL 
or intrudes itself in endless form throughout our public and 
private buildings aud our streets? Is It necessary that work 
with any design in it shall be dear T Or is our day aud lime a 
day of iigliucifB, that we cannot get design anywhere, and mast 
put up ivitli vulgarity i 

In the times of the Grbek aud the Boman, and in the Medi- 
eval days of Gothicisui, cheap things were not ngty things. 
You may take up the commonest ana most homely veeael, and 
you will find that its form ia Rood. If you will look at the 
ex.^m|llos which have been preserved to us, aud now find hornet 
in our museums aud private collections, you will lind the com- 
monest tilings were beautiful and iu good taste. It is not that 
good art then was any cheaper than tt might be now; it was 
be<au<ie the appreciaiiou of good detail and lovely form waa 
innate with the people of tho-w times: and they were art 
accustomed to see everything aruunil them lovely and iu good 
tnale, that their art-education was self-taught: and tboseaefa man 
became, as it were, an aitist, aud, as iiueh, artistic workmen also. 

I know that designeii furniture eoals no moro than other 
work, when once you have tiiugbt your workmen bow to make 
it; and the moulj and making for a good deugn is no mors 
expensive than that for a bad one There in no necessity that 
cheap things hliould be ugly, or decoration vulgar: these things 
all become a <iueation si^lcly of design, which again in a great 
niejisnie, tarns upon art-education. 

This brings me to speak tif a matter that has Wen engngiog 
the earnest nti>»iition of this Association for some time, and one 
which we shall have to consider and take action upon in some 
way, I hope, in tbo coming fiessiou. I mean that of ** Arelii- 
tectural Exami nation." 

It is now, I briiev-e, some ten years back since this A&soeiation 
determined to lake steps to esLabli&h a syfatom of nrcbitoctnnU 
exnniination, thereby a more definite professional status for 
architects might be obtained, so Ihut, if possible, uur prufi»taiun 
should cease to be one io which any man, no matter bow 
ignorant or hnw unqualified, ctuld, if lie so pleased, enter. 
Starting on the broad basis of endeavoaring to work some 
general benctit for the profesaiou at large — Kir such we intut 
consider a ix'cognised system of examination would of netWMlty 
be — we were ile&iroua of obtaiuiug for ourselves as arcbiteois Ik 
simitar system of exaiiiinaLion, aud consequent professional 
recMfuition, as that which is necessary for all the otbec 
professions. 

About a year after this, onr Aasocintli/n, I believe, memorial- 
ised the higher powers above — ibe Institute, aud, after inocU 
consideration and talking, the matter w.is tuken up by them, and 
architectural oxamin-Ukins were iunugnratod; but beyond tho 
mere exnmiualions we have at present got no further, and are 
pructically in the winie pfwiiion as we were ten years back, ejtcept 
that those gentlemen who like to learn a uert.tiu uuuil»er of 
lessotis, and get the examiners of the Institute to In^ar them, and 
desire to pass an examination for their sole gratilicalion and 
pleasure, can, if the uumlwrs be sufficient, do so. Further than 
this Uioy cannot go; at present the examination scheme, if I 
may be "allowed to call it so, is a faroe, always excepting that 
there is a certain amount of honour and credit due to tlie man 
who passes succesefully the »omttwh»t stiff examination; other* 
wise, there is no use iu it — wo still remain where we were. Anj 
one may now have his name engraved on a plate, aud sat up as 
an architect; and the most ignorant and incompetent mny siiU 
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practise na stioh, Rnd ns such n)n<it of oeces.'iU; miliUte to the 
rletriment, not only of the fsmse of wt and of txlncaled arcbttecta 
theniKelves. Init also to the impodilioQ or the piibtic, foj- tliey, the 
pahlic, moBt f:.f ntocssity judge of oar art bv the work itself; itnd 
vhen we see the i-esult of eom-f of the worlc of tlicsi; |;piitlcinen, 
vho hftva tlmiwn doirn the hod and Likru up thi! puncil, wo mnv 
veil a&y that it U tituc that architectuiTil exuiiiiuittiuuB shull 
t&ke place. I Sruily believe that we shall have the p;o<m\ wishes 
and uuistauce uf all well-wtshera of arubitecture; but, oii the 
other hatid, it. muat not lie 9X|)«ctfid that the young niea of the 
nreseot day — who, whether in practice for themselves, or work- 
ing aa clerks or papiJs for others, have very often but little time 
to Bpnro for any ephemeral undertakiiiRH — will devot« long 
months of tf'il for reailing and study to enable them to go up for 
the examination, aimply, as I ha^e wiid before, to pau it, or 
mayhap, m last year, to be rejecteJ, not on their merits or 
demerits, but because the nnmbcr arbitrarily Hx^i by the Innli- 
tnte as the anialleat qunntnm to make an examination had nut 
been made up. Hut let tbo lumitule olTur sume tangible 
inducvmeut, and there will not, I believe, be any lack of oom- 
petitnn. 

That the Inntitute, as a brwly, will trive this all'imjMrtAnt 
matter their best and serious re-Ly)UBidtralion, I cannot but 
believe: for those who Iiave dono so much for the cauw of art in 
the last qnarler of a century, and, of themselves, to raise the 
cboraoter of orehitects and architi'ClnTf, will not, I am sure, be 
the ones to refuse to help their pupiU and their sods !d attempts 
ing to follow in their footAtepR, and in their time from seeking 
BtUl further to raise the standard of our rank. To them as our 
masters and t^acliers we owe much, and I hope we may, there- 
fore, confidently look forwurd to having their advice and aid. 
But, ou the other hand, let us Dot turn luick: let us look forward, 
not backward, and not give up the good work which we have 
commenecd: let as not undo what we have done by any short- 
sighted dispiist or despair; but earnestly, manfully, and diligently 
strive for the object we have in view; still work and study 
amnn^^Bt our«t!veii; and, 1 believe, in time our end will be 
obtained. Id fact, we have ourselves, by the inauguration of our 
Life C'l.'UH, at least shown our great anxiety to aid in carrying 
out the sa^i^estions made to us by Mr. Scott and others, aud I 
am glad to be able to say that inlhis we have been suecesaful. 
X^sl year we had forty-tieveu members in the class, of whom 
more than two-tlitrtla were members of the Aasocintiou: and 
nnder the able superintendencp anil care of Mr. Poynlcr, the 
artist whose services we were fortunal« enough to necute, con- 
siderable progress has been madft, and to him and Mr. Tnrver, 
the honorary fPwetary, I consider the Association much indebted. 
1 trust that Miis year the numlters will be Increjued, and tliat 
members will kHow their appreciation of the scheme, and their 
desire also U» carry it out, b} joiuiuc this class forthwith. I feel 
quite certaiu that the dmwing of the figure cannot be too 
strongly advu^ated. and that it is oiie of the most essential and 
aeceesarj parts of an architect's edut^tirin to Jo this well. If yon 
do not leani now, you will never learn; and I cinuot loo strou^ly 
urge on the gentlemen of this Association the absolute necessity 
of doing what men a great diMl better than I have been urpng 
upon them for some time — viz., learning to be ablo to draw the 
6gnre with ease and facility. 

\jet us be able to dt-sign for the potter and for the decurator, 
and get them to mould the clay and paint the wall in fellownhip 
with ns; but before we onrselves cnn even liu|je to design well 
for them, it is r^'^'^Mry that we oursidvus shall have diligently 
studied and gn'Jioreil up the matcnats of our forefathers; shall 
have seen how their design and work were dnnp, ho ns lo Iw 
enabled to combine such experiences and such study with the 
necesaities of modern requirements and the advantages which 
mtMlern skill and modem iu%-ention have ;pven to us. Di> yon 
think for one instant that, if our Media:val forefathers had lived 
in our d'iy and generation, that they wonld not have grasped at 
the many inventions and improvements of this nincieenth 
century I Do you think we should have small narrow windows, 
and coarse, bottle-ecded knobs, settling like flies amongst them T 
No, I think not. I think that tlio roeu who eould sn t>oautiruny 
design and work with tlic m:iterisla and the education tliey had 
before them, w<iuld have grasped at our modern inventions, and 
would hare thrown some life oven lulo cast-iron girders and 
plate-glau windows, and not hrive crossed our rivers and our 
■treets with ugly straight lines of biiuply met-hauicnl skill and 
homnn power. Into liuiuau ]K}wcr would have been thrown 



assuredly some art. They would, T believe, have done justice to 
the nmterials which, by the enlarged scope of invention and 
scienliDe altill, we nineteen th-centory architects have to our 
band; and surely there la no reason why we should not do 
likewise. 

Of all things thai tend roost to harm the cause of art in this 
ntnotecnih century, I cannot but think tliat of narrow diquism 
is perhaps the prcatcst; fjr surety cllquism is merely an extended 
form of egotism; and be who narrows the limits of his sympathy 
and lielp iu art-Hfe tn the circuiuBcribed circle of the few who 
think exactly with himstlf, surely is no well-wisher of art; for 
we must look on the world of our art from no nnrrow circle of 
our own, but from as wide a point of view as onr education and 
minds will permit us; nod the more we embrace within oar 
gaze, the mora likely are we to perfect the work that we lore. 

I am quite certain that the more young architects 1,1 say young, 
because I am sneaking to this Association} know of each other, 
and the more tney meet together in good fellowship and friend- 
ship, the better it will be for them nil. There is no need for all 
to agree on queslions of art: we all probably dilTcr in this matter, 
more or leas, as we do in other things; but why should there be 
any necessity for constant fighting over the ashes of extinct 
mummies, aud taking up tho gauntlet for detugns of ceulurlea 
ago ? Have we no aesigo in ns, no ho|)e in us, no brsio to work 
fur ourselves, or munt we divide into divers cliques, and sweor 
and do battle for the leader of this and that cliquo^ now rushing 
on to the bnatling lauoes of the thii-tetnth-cenlury French 
school, and now clashing swords with tho champions of Early 
lluglish; now up in arms for the true and originnl and national 
farinlioose and cottage arcltitecture, antl now swearing alletriance 
to the onlv and real style, the raund-archtd Gothic of France 
and Italy f We write and talk as if in this nineteenth century 
we were simply to fonn parties and opinions in defence of 
different schocds, following out :iud swearing by different erec- 
tions of the past; and the war wa(,'es bitterly on, and instead of 
the bottle of the styles, we have the battle of the cliqmui, and 
when "clique meets clique," then comes the tug of war, la there 
no general school T Alust we, because we like this or that^ say 
that &U else is wrong i Sorely not, and I trust this Association 
will look a little beyond the narrow arena of any so-called clique. 
There is no reason that our ideas and opinions rhouIJ all bo 
alike; tut if we ditTer, let it be in a friendly manner, and rather 
than ignoru those whose opinions are different, let us strive for 
inLercUan;fe of thoughts and opinions, and to enlarge our own 
views. To compare thoughts and ideas will be, I am sure, to tho 
advantage of us all. We are all students, earnest students, I 
ho\i^; but the more we study together, and the greater inter- 
clinnge we have of honest opinions, — mind, not opinions taken 
from other men, but formed from our own honest convictiouS) — 
the more gooil shall we do to the cause we all have at heart. 



HIGH-SPEED COMPRESSED-AIR IIAMMTSR, FOR 
PLANISHING, STAMPING, FORGING, Ac* 

By WiLUAM D. GWMSHAW. 
t WU/i an £ngm%-in'j,) 

Tub objects of this compressed-air hammer are to obiaJD a 
seKactiog hammer with a great range iu tbe force and rapidity 
of the blows, so na to be suitable for light forging, tilting, and 
planishing; or capable of being worked by hand wiUi hea\7 
blown for stamping when require<l; and also arrangetl to ba 
driven by a belt from a shaft, in order to bo applicable where 
direL*! slenm )^iovrer is not available. Tbe machine consists of a 
fonw pump supplying wmpressed air to a reservoir, and a work- 
ing cylinder and piston with hammer similar to those of a steam 
hammer, but worked with (-"mpressed air iuit«id of steam, and 
having arran^i-iueiiu for vai-ying tho iwtion of tbe hammer as 
rwjuin-d, and iti',*rfa8ing the rapidity of the blows ooDtiderahly 
bevoitd the »|)eed of rcvoliilion of the driving pulley. 

Yhe hammer is shown in Plate 39; Fig. 1 is a sectional side 
elevatjoo; Fig. 2 afrontelcvalion; Fig. 3 aback elevation; Fig. 4 
a plan partlv in section; Fig. C a sectional plan throui,di the 
hammer cylinder; and Fig. 6 a vertical section through air 
rewcrvoi r. 

The double-acting air pump A, £1g. I, li 8 inches diameter 
and 6 Inches stroke, and is worked by a crank pi n on the driving 

* Scad befeR! the to»UluUou of Uecbuiic*! Buetown. 
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putle}' B; it bas a solid piston fitted with cupped lontlien, nnd 
ca«l-iron suction and delivery valves C, which are circular with 
flat fftces, and eAch fitted with a ligtit spriog on the top to dose 
tbe VElve promptlr. The EDt«rior of the h&mmer fmone D Turnis 
the roMTToir, into which tho corDprcawd air is delivered by tbe 
pump, aod the preasare i» regulated by the safety vnlvo E, with 
a Btidine weight or Hpriag buance to alter the workio;; preinare 
of the hamnior. Tito pistoo F of the Immmor cylinder is 4l 
Inchei diameter, packed with cupped loathers, and has a full 
it<rokenf 10 inches. The compressed air is admitted below and 
alKtve the piston alternately by the slide valve G at the Ujp of 
the cvliuder, and o»cai>ea by au exiinust port at the aide of the 
ojliuder H. The pressuro of tho nir Admitted to the cyliuder 
from the rewrvoir D i« ri^jfulateij by the throttle valve 1, worked 
bj the fcKtt trendlu K; the t>krutlle vnjve spindle is i»evD iu Tig. 
Ft, which Is a horizontal iwction through the hammer cyliuder. 

Tiie flide valve G ia nf coat^iron, aod itt shown tie[>a.r»tt.'ly to a 
larcer Btailo, lu differeul poaitioos, in Fi^s- 7 to II. It ia laoed 
boUi bnok nnd front, with the ports passing through to tho back; 
«ni' t'v -"Hnslable cut-off slides J J, are placed on tbe backs for 
«r |)riint«of cuttiiijj off tht- air. These are regulated 

hv, i)y scrcwfl LL, which pass throufjh tbe sldoof tho 

valve-box, and Bctvc to hold the cut-off klidea stationary in 
any desired positions. 

The Hids valve O ia worked by a cnuik piu on the horizontal 
disc M, Figa. 1, 4, and G, .\nd thig driven by cooUicl with the 
vertical wheel N upon the shaft of the driving pulley B; tbe disc 
M is pressed down by a spiral ria^ O, upon the lower end of its 
•pindio, as nhown iu the sevtion Fig. C, and the vortical wheel N 
it Dtcfd with leather on tbe edge, to give tho required adhesion 
for driWng it. This wheel N Blides along the driving shaft uoon 
a feather, and is shifted by the lever F, varying the N|)eed of 
driving the disc M by acting upon it at differeui diatauccis from 
its centre, and therptiy iriviog a range of Bpe«d for driving the 
slide ralv(> up Ui iixirt.- than double tho rate of revolution of the 
tn-iio driving pulley B. By means of the lever P, which is held 
iu n scries of luttches, the number of blows of the hammer can 
tbu« 1)6 nlinngitd, without Htop]nug it, from 151) up to 4'JO per 
minute, with the usual working epoed of from lAO to 'MO r«vi>lu- 
tions per luinnte of the driving ptilley. 

The viilve spindle is connected with the crank pin on the 
driving diac M, by a coDncciing roil R, having a forked end, as 
shown in the plan, Kig. 4; and this can be at once dtsconnocted 
by withdrawing the fork B, by means of the hnndl* 3. The slide 
valve is then worked by hand or foot by mean-i of the lever T, 
when tho hammer is required to be used for stamping; and the 
levor T is removed by drawing it <iut nf its socket when the 
hammer iH reijuirod to be worked Rfilf-aoting, 

Aii eflicieiu hammer worked by compi'ouod air js found very 
advantageous in many wtuatinmi, Buch as whore ther« would be 
mntci'ial lo"H of power by cuudeuHation in bringing steam fixiiu a 
great disLsnre, or where the damp from leakage of slotim or tho 
uropplDg of condensed wator on the anvil wuuUI be objection- 
able, ns in shops where bright steel is exposed, or where Uie 
planishing of bright work is carried ou. Tbe air bammor also 
meets the c^iflea wliere horse-power or other |M>wtr than steam is 
alone avatliibU'; and it has an a'iv;tDtage in btMugatw.iysreadyfor 
work, not having any accumulatiun of condensed water in the 
cyllndoraod[ia»«^8a8 iu thesu-amhammer. Thereisalsoaaaviog 
iti Inbrieation and iu wear nf the working parts, from their not 
h«ing exposed to the beat of high-preHsure »te.-im. 

in this air hammer tho furc^, i-apidity, and quality of the blow 
can be changed with great promptness nnd uccumc}'. The force 
of the blow is regulated by Hliiftingihesafi-ty vidve weight ii or by 
means of the throttle vidvo 1, alluring the pi-essure of air upon 
the top of the hammer pi^tton; and the sliilo-valve mntiou admits 
of atU-'riiig the rapidity of the bluw iustJtntauc<miily, giving also 
the meaiia of oht.-iiuiug a very hii^h 9[^^il without involving any 
destmciive tapput uotiou, as the auinll slide valve G ia alone 
required to ho workeil at tbe high speed. The arrangemeiil of 
the cut-off slides .1, gives the means of regulating the quality of 
tbe blow, from a full stamping blow, to a sharp pick-up blow, 
striking with any degree of lightness, and well suited for such 
Work as planishing and shaping hollow ware; and by the use of 
the hand or foot lover T the hammer is readily and conveoiooUy 
worked as a simple stamp. 

Mr. GittMHBAW stated, in reply to (Questions, that several of tbe 
hamioerB wca< uuv iu use iu Biruuugham aud the ueighboar- 



hood, employed for various stamping and (ore- •• -=;m; alito 

one at Glasgow fur ccpper-smilh's work, shri- 1 tuilhing 

vacuum pans for sngar refining, aud one hL ,.;.,... i for steel 
tilting. The pietmure of tbe air could be varied by altering the 
loid on the safety valve, and the hammers had beeu work«d at 
pressures of from 7 to 30 lb. per squan: inch; the ordiiury 
pressure at which they were worked was about 20 lb. par 
square Inch. One of the hammem bad been at work for mare 
than seven months iu a timith's shop for ordin.nry work; aud in 
that case it was employed also for blowing tho firv in tbe iuturv-aU 
while the iron was being heated, by a ooouecting pipe being 
carrie<l to the tuyere from thv air reevrvuir. Iu skunpmg plat« 
iron the hammer could bi? usud fur stamping the metal either hot 
or cold as might bo deirired. The greatest speed at which the 
hammer had been worked was 8U0 strokes per minute, and tt 
could be driven at any number of blows below that amount. It 
was usually worktHl aetf-nctiug for aoy speed .above 100 blows 
per miuat«, but below thia it was generally preferre*! to throw 
the self-acting motion outof near, aud wurk it by hand; or in caK , 
the workman w.inii;d both his hands free, the treadle gave the 
means of working the hammer by foot. The largest of tbo 
luuiitucrii yet put to work hat! a cylinder H^ iach«s diameter* aod 
a stroke of i-'i inches; he did not know what pressure it vna 
worklug at, but the pressure might be adjusted to any amount, 
from 6 lb. up to 40 lb. per sijuare inch. The cost of such a 
hammer was about £180, and of a hammer of the size sbowu in 
tbo drawings about .£oO, the laj'ger hammer reiiulring about 
o home power to drive it, and the smaller about l-horse power. 

Mr. E. H. CAKBurr thought the air hammer was not as 
suitable for steel tilting, and would not be ablb to compete with 
the steam bummer fur that purpose, since ita power waa not to 
be compared with that of the ateam hamuer. Tbe greateat 
advanUg« of the air hammer he cousidered would be for stamping 
sruill articles, in placu of hand labour. Several iiteam bammera 
of from 4 cwL to 10 cwt. were working in Hhellield, with which 
.500 to GOO blows per minute could be struck if required; and 
they were regularly working at 300 blows. 

Mr. Grimhhaw observed that in reference to tilting steel tbero 
was one of tho air hammers now at work in Birmingh.im which 
was employed io drawing down steel; a bur of steel 4 inches long 
and ^-iuch square was drawn down to a length of 14 or 12 inches 
with a rog\iUr taper, and 30 of these were prudnced br the 
hammer iu 10 minutes in the ordinary work, which he believed 
it would be im[iossiblo to acoompUith by any steam hammer at 
present employed. The average speed of the air hammer for 
that work was about 340 blows per miuule in regular working, 
and that was .'is fast tis tlie man could turn his baud for turning 
ovpr tho m<v.ild bf^twet>u each blow; the speeil could however be 
increased whenever deairod up to 600 or eveu 600 blows per 
mioutc. When tlie drawing of the steel was 6nished, the 
hammer could be stopped instantly, with a promptness which 
could DitL be attaiuod with the itltjaiu hammer. 

Mr. W. EicuARDsoN ihou;jht all that had been performed by 
the air hammer in steel drnwio;; and other work could be 
accomplished well by ordionry nteam hammers^ aa reganled both I 
the rapidity and (orva uf the blows, The main advantsgt be , 
cun&idered to be valued by the use of the air hammer would ba i 
preserving the die always dry and free from liability to droppings 
of oondeuaed steana; there were many kinds of work in which a 
dry die was a matter of great im^iort^tnce, and for aoch eases the 
air hammer appeared admirably adapted; but for general work 
he did not think it could cc>iu[K!tti with the ateam hammer. 

Mr. Griusuaw mentioned that the sLcam hammer had beea : 
abandoned for steel tilting at some of the works iu Sheffield, and I 
the air hammer ailoptotl instead, as it was fuund pn-ferable for 
the purpuHu. At Mc-tsrs. SaiideritoD's works one of the air 
hammers hud beeu at wurk for a cuuHiderablc time for bolstering 
aud forgiug kuiftf blades, &c.; and at another nUiv\ works a shop 
was K'>mu M ^e built to oonlaiu sijt of the :ur hanimera. 

Mr. C. U. Anaues said that he used to employ steam hammers 
for planishing hollow wai-e at his works in Birmingham, bat had 
been obliged to abandon them for bright irou-work, ou aoooant , 
of the droppings aud moisture from the steam; and he had now 
put up for the pur|K)ae one of the air hammers deacribod iu tbe 
pft|>er, which hnd been at work fur teu months aud had pioved 
very successful, and had shown he couaidercii a decided economy 
as compared with steam. He accordingly intended to reinov« 
two steam stjtiup^ of large size at present in uw, aud replaos 
them by air hammerv, whicli he was sallafied would auswor w^. 



Dt«.i.uin 



THE CIVIL ENGINEER AND A-RCHTTECT-S JOTJRNAL. 



Mr. F. J. Brakwell remembered nii air httmnicr bviog nrndo 
by the laUj Mr. John Hagno.nbtmt tlurty»6ve yenrs ago, wlik-h 
lie believed vram ooe of the wirlieHt air liamnieni llmt lind beeu 
niH-ie. It WAS worke>d Hi b vilcuuiii ImtiHuer, hy exliniieititi^ the 
nir, iustend of by couipreMed air, nrnl wiia ct)ii!tti-aot<.'<1 fur lUe 
puf|>i>ftO of )ilanisbiug fryiuft paua; and it worked with such un 
cxtiuurdiiiaty rnpidity that it vraa inipoeaible to see wheiv the 
hammer vrns in working, nuil the etfecl Hcetitetl more liLe giving 
ntte uontiuuous pressure. That hammi^r wn« howevfr waatiug 
ill the eleguiit o 111 irivn lice f»r rcguLittog the bl>>Vi ihut van 
shown io the hammer uow desni-ibed; and he vrm jmi'UuuUu'ly 
pletued with the mode or wxrkittg tlie nlule va)vt>. by the neat 
Hrr.iiigemeut of the frictlou whi^el uud disc running' in contact 
with each uther. Ha iuqiiireil liow thu siirfiicea uf the wheel AtiJ 
disc had been found to aUiiid iu work, and whether there was 
much liability of their slippinjt; and what amount uf repairs had 
been required to any uf the hammers. 

%{r. Or[1I8iiaw replied that in the first of these hammers that 
was put to work the sarfacca of the friction wheel and disc for 
vorking the slide valvti wei-e merely iron against irou, and 
worked iu tlmt condition for &even rnouiha with only an o^ci^iionid 
alipjiin^ when a little oil from the beariDga happened to get upon 
the sai^Acc of the disc. ilfteruanU the oearingof the diso had 
been receued, and formed into an inwrtml cup, tn prevent any 
nuk of oil g<*tting ii|hiu the rolling Hurfnce; and thti friction 
wheel h.id been faced with leather tu increaae it:* hold upon the 
disc aud diminish the wear. No repairs h.id yet been i-eqiiired 
Io any of the hammers at present in work, and the only accident 
that had occurred to any of Ihem had been that the cyliudtr 
h'tttou got broken through au accident in the first hammer, 
which had been put up luKinly with a view to testing the cost of 
working and the actnal wear mij tear of the several part«. 



PAUI3 UNIVERSAL EXHIBITION OF 1867. 

The Commigitioners of the French Exhibition, to take place in 
Paris in 1867, have approved the following reguUtions, specially 
applicable to British and Colonial Exhih|tor«;— 

Art. 1. TIte Univonal Exhibition to be hoM at Paris in 15(17 wiU t>o 
opm ff>r the reception -jf work* of art, aii-l i>f thu pr-jdiwtii of airri<nilture 
aiiil induatry of all nstioiu. It wiU bo hcM in a tttiapurarv liuildiii^ in 
tlm; t'bamp de Man. Around the Kxhibition btiilding » Pvk will Im 
fi^nntttl for the rowption *if c*tH<' and othur livo aRhtiajA, aud [dantn, ant 
welt tt» for thiiMft oiutructinn* and nlij^^i'ts which o«niiot bo exhibited hi 
the maia baildinu:d. The Cxhiliitiou wiU 't]>eti on tbf l«i of April, lH^t, 
aod will clow on the 3Ut t-tcuditr fdUxwiii^'. 

Art. 5. Xht Corauiiuion<( appiiuUid by tho vanoiu f<wragii ^ivem- 
mssbl to direct the put which their renpectire oouatryincu will take in 
the UniveruU Kthihititm ar» in direct cniamtinicaUnn with thn Imperial 
Ouminianua rvlatiw to thu Exhibition uf tho wurlCN nf art and other pro- 
rluctiuoi of tbetr otiuntry. Com-xi neatly, ibo lm]iurlal Comminsioii will 
iioi correapoud with f'jrei)n> cxhiliiton. Producu Kent by a fonugn 
eihihitor can uiUy be ailmitl^J tbrt>u;;h the medium of thr> foraign Com- 
nuMtim whi<^ rvprKMiiU liim. Thv forcijpi Comuiimioocrs will also 
proride m thoy may mm fit for the carria^, the reo^plion, tb« arran^ 
uicmt, and tho return of tha productir'na of the^r countrymen. They 
mact, howuver, conform to the rogulationa laid down by the Imperial 
Comouuioti. 

Alt. G. — Poretgn Comnituionen are requealed to place tltetniHtlve* as 
BooD as puMiblv in ndatioa with tb« loipertal Conuuinion, and to depute 
aome piuvon tt> rvpraMtint them. Th« daty of thin rvpraMittative will bo 
to arrange tlii; qimtions which rvfer to forcij^ t^xhihtton, and |iar- 
tioularly tb«w> reUtivo to the allotment of Che whole flpac« among the 
vaiiuBS conntrica. and t<] the manner in vbicb each foreign sacthHi itfaall 
be arnuigwl in tite Kxhibiti'm huil'liji); mid in th^ Park. 

Art. 7- — In order to fncilitatu tlie dinnion nf thn hjuuv allotted to esob 
oouiitry IxUwwti llie various ctai>itK« of ohjiftrt* puiitntMuted in Ajtiols II, 
fh.. I ,,,,., : ; ,1 rtiirtinimion will plane at the dimpM^l uf the r^pn-^entativei 
f"' ^l<^e, iho pUn of the xrrangaoioiit of Ui'.- French wrcl'.un of 

ill' -I buildiu;.', drawn on a scale of two miiiinit^lrvfe to a lortro 

(1 ih<-l) w iVQ ft*A or x^i. 'Phis plan shows the omo/jrui.'nl of the 
glaw casM and oouiit«n suitable fur each class of objecU, aj well m the 
ahapp, llt.-i(:ht, and other ilimetuiniu of the oourU intendtd tor «ach class. 
An analogous plan of uT:in^t-n>imt nhowtnj tits manoHT in wliicb tho 
partioiis of the Kxhihitioa Iwildin}; allotted to each fon^ijip) country will 
U0 subdivided it to be trannnitt«d to the Imperial Comnu«tiou lu-forc the 
SlstOutobcr, li'it>. Flans in detail, on a scale of two centimHrcs tik tlt« 
m^tn, (1 inch to 41') foct, or ^> ihowinj* the place alluttnl to each 
ethihitor, aod to caoli stfparala stall, an also to m forwarded with the 
list of exlubiton, by each Forslgn CJommtssion, befot-e the 3Ist January, 



l.Sfin, in iinlfur that in amuigin}; ths inlm^or of tlur Eihihition building 
the InifKriiU Commisnun may bo able to tako into coutidnutiun the 
wants of oaob couutiy. 

Art. ^. — Kaidi furciftu cuimtty may chum, for the fonnstion qf a special 
ji.'uk, Uic* {lortion of lUe Chamii de Alars adjoiuiug tho «pa<.-'.' idlntt«d to 
it ku till] fc^xhihilion building. The rcjirui^aUlivt: of ca«ji foreign Com- 
ininnion will acttlc with the Gcn-ral Cciinrnt"'^i»n'tr the pUu of the p^'h''* 
for tho circulatii'in of thi- piiMin, and of th^ «artliw->r!(«, which mil bo 

*X'*ciiVd At til- o>!il and undiT th- i ■ i. .•• tU l>. • i- ,1 1 ■ •inmii^«i>io, 

Ennh rvjnctw-'ntntivi? will al*" arran. -iimcr •» 

ns to liAYi: at tht! dij»iKi*tiJ of tho I ' ' | TUon* of 

tha j^ntund whirh may b-* in ex<'-«>oi ni tli» AmiU ol htj> mtuiLryuieli, nr 
b> iibtikin an vhlilioiial [lieee uf ground fr>im thii [Mrtiutui Ui whii^h ntlicr 
ivpr»-»f nti*ti vt-* may Imvi? jjiwii op tlwrlr olnim In nnlwr U) fio'ilitate an 
mu'h M p->w«il'Ii< tbQ iiimn^^euieuts of the luui^i vxtubitorb ii< Lite por- 
Uuiu iif the i'nrk nlluUcil t*i tbt^ut. the liuptriiJ t'omiiiisdiou v.' ' -!-- 
Ht the diApobal of thi- nfireaoutativia fcM" th'-ir |,aiiduno»: the plan 
l>y tbo Frviiidi t-xUibitors fur armiijfing tli>: aoimals, plants, lh i 
tagm, iic. (Appendix A.I 

Art. If.— Au I'lhcia! catalogue of the products of all tlv fnr»i^ ootm- 
tm-« wdl be drawn up, showing the place which they << ' r tn 

thu l^xhthitioa buijdiiu; or iu the park, lliia catalogue i' 'Wo 

alp!iab:rtioal U«li', one uf tht!«xhibit«<r«, the "llierof the prt».iiivi- cvii 'lUitL 
Kiin-i^ (.'olaiiuuiriut-n are requested to meuJ tb- mformatiou avctmrniy 
for the preparation of tbo catalogue before the Slst .lonoar)-, I.SSK. 

Art. U. — In each section awigDcd ti> ihv u.thildt'jnt of tlte same 
country. thc> obj<*ct« will be diTiliea into 10 groups aud Hi cUaww— viz. 

lirt Croup. Works of art (Claasn 1 to 5|. 

'Jnd Group. — Apparatus and appUcatiooe of the lihend arts (C^aases 
6 to 13). 

3nl Group. — Furniture and other artinlc* intonded for dwelling bottiws 
(Clasiieii H to 'ifi). 

4lh Group.— rtotliing (Including fabrics), and uther arBides worn on 
tht; pcniMi i,CInis«es 27 to SU). 

5Lb Gmnp.— Products (raw aoti manufac-tuivd^ of mining (CLmvm 40 
to 40). 

Cth Group.— InstmmcuU, and proooMst of tba common arts (Clisses 

"th Gmop. — Pood afresh and prownredl itt various statea of prepara- 
tion (.CUeeas 67 t<i 73). 

^th Group.— Live jvnduots and examplsa of agriatdtursl eelahUsh- 
mente (tloBsce 74 to 82). 

9th Group. — Live products and examples of borticnilural estahUvh- 
menta (Clasftcs 83 to 66). 

lOth (iroup. — (;)bje(.-t« exhibited with tho fmccial purpiwe of improving 
the pbyaical and moral condition of the people (ClaMOS 89 to 95), 

The ohjeots which aru mvludLtl in ihi-M groups are im'en in detul in 
the Syat«m of CUsrificaUon (Appendix .^ ' - ■■ *' 

lit uriter U> avnil itself nf any sa|;g«>t 

French nxbiliiUirs and the Foreign Coi! _ !. , . ' ■m- 

miMion rcfcrvci to itself the nt;bt to r^eulve, in thri snccowive editions 
of this documjuij all doubtful r)ueatioLu k> which th'ut tint pufaQoatiun 
may give rtm. 

Art. 12. — No work nf art, or object exMUtad in the Kxhihitian 
buUdiotj or in the Park may lie drswn, copta'l, or rrpn«hici''I in any 
maimer whatever, witboat the nuUlority of llie exhibitor whn i* tht- 
author of it. Tha Imperial Commission n.-wrvcs Ui it«elf the ri^t U\ 
authorise the taking nf^ gcmoul vitrvs of the LlvhitiitioiL 

An. 13. — No work of art or object exbibitvd may Iw reinovod behire 
the cloeo of the Exhihitjon without the xpedalanthority of the imperial 
Uuiumiiaiuiu 

An. 1 4.— Kcithor Fronch nor forwii^n fxhib'tord will have to pay any 
iT:ot for thu aiiacc occupied by thfm in the F.^hibitiuu; but sU costs 
iiH-nrrad for Sttiugn aud dvcoratiou iu the l^iliibilion bitdihug and in tht> 
Park must be boruu by them. 

Art, 15,— Fh:r»chmea and foreiimcni. by the act of Iwcoming exhUii- 
tors, thereby bind themselves to aiThen= to thfw regulations. 

Art. IS.— Works by French wid foreism artiste, oxtcuted since the 1st 
January. IflS.*!. will be received for exliibittom 

Art. 19.— Thf following will not be noejved : I. Oopiea, iuoludlog 
tboae which repnwlui'w a Work ilia nuuiii' : ' '' .' '. _ iial . 

Jf. I'il paiatint^, niiniat.tn>«, watttr-odi'i. ivnd 

cartoons for stalnvl gIsM and frescoed, u.> :; — _ ...,..uiu m 

unbaked clay. 

ArU 22.— The number and nature of the rewards that may be given in 
roepect of workn of art, ma well tn the oonatitulion of the internattomil 
jury wito will be called u|>oo to act as judges, wdl !« decided ben- 
aft«r, 

.fVrt. 23. — AU the products of agriciiUuro and industry will be admitted 
into the Ktbibition with Uie exoeptiuns and liiiiitatlons mentioned in thn 
foUowioi; Article. 

Art. 'il. — Detonating, rxplorivv, and other aubstaooes of a danLtfrous 
nature will not ho admitted, t^uritn and nlooltols, oiU at. '■ cur- 

roaive sabsUuuhia, and Knaendty sub>tanoea which may &•■■ ■•-^r 

other prodncU exhilHtoa^ or invumiuod* tho public^ wUt only Lw rcccirrd 
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in NtpiTiif vmimla, HiMmUlly ntlnptral fiir thn pnrpnm, and of nmiJI ditnen- 
mI'hih. I'l^niDiwi'm ■'»)'*, llruwnrkii, htdtm inntcliR)!, aikI titliur Hiiiiiliir 
iirtli'ltM cAri itiily Im rntiriTeil wlmii iiiailn in itiiitatioii otul ilc|irivi.-(l of oil 
iiillii.iiiiiia)»i« Jrit(n-'liniil«, 

Art, '2!>. K\lillNt<ii-M of protliioti of an uiiwholiiHomft luid i)iHii;jn.i-nl>lu 
iialiint will Imi IhmiihI lo ronforiu at all tiiiUM to xnc-li itn-iuiiirL-M of niifirty 
tiN iiiny lin itniNrriliml lo Llu'iit. 'Iliu Iiil|>tTiiil ( VitiiiiimHioii rcKi-rv-H to 
llHitIf Milt rlul>t to I'liUMi tlio nniiciral of any |>ni<lnrtH, whoth'-r 1''n>n('li or 
forol)(ii, wiiifli liy llioir natiint or tln-ir Imlk niitflil n]>|ii!;vr injnrionK, tin- 
■iiltjililii, or irii'oiiijHilililn witli tlio olijiittH of tliu KxliD'ition. 

Art. !l'l. l'!xliil)|(.orN tif K|i)ianitiiH n><|iiirtn)i t)io nxf oF wiititr, ^ik, or 
■U>ani Hii> Lii NtikUn wlifin HKinlii)); in tln-ir »)i)ilii'ivti>>n for npoci!, wlint 
iiniiiiMil or wnl^T, itnn, or HU-aiii will Ik< )i(>(H>HH;iry. TIiohc wlio winli to 
rililliil niiu'hini'N in motion am to Htnto ut wliiit h\uhu\ riutli of thi^u 
iiiai'liinnii 1h to ix' drivoii, nn'l tlio nioiivn powiT wliicti it will rtsiuin*. 

Art !l|i. 'DiK (hml of )uw'ktntt mid ciuriiiiO' *>f tlio ({oimIh Mtnt to tlio 
Kxliiliillxn iMid of dm K'X'dH wliicli liiivo Ixx'n uxliiliiliHl Uu'm, in to 1hi 
iHtrhx Ity till' ■■xliiltttiirH, luilli U> and fio. 

Art. 'II. 'I'lix linjifirial < 'niuiiiiHition will not inU>rfHn< in any way 
Itntwwn til" ooiitra<<l<irH for tlio i-arriai;i> of [vtrki^riw »<)d tliu cxhiliilorrt 
in n<N|HH*tor thn iloniialtili and tlio nii>i']ilioii of tlio ^oodit. Tll<> i-xliiliiioni 
ntiint tlicn'fori), oitlinr |ii<nionally or liy ihoir iiKcnlH, mm to Ilk' Irimn- 
iiiiiwion and rini'i)!!!^! of Uui piwkup'H, and vnil'v tlit'ir cnnli-nUt. If 
hutilii'r tlii> I'lliiliiloi nor Iiih n^ciit 1k> jin<fi>iit to ri'^vivr tlio |mi'kit^L-H on 
(lii'ir nrrivid ut tlio I'Aliiltttion, lh« iiarricr im bointd to n'lnovu ihom 
inuiii'di.'ili-ly. 

■Vrl. I'J. rtii'kiii;i<M fmni fiiroi^i roniitri(<H nitiHt In* mai'ktil in nnrli a 
wny ipi to nIiow iIiMlinctU' from wluMut" tln'V I'omi*. Ilio Imiwrinl t'oni- 
mimii>n will iiinko arnuiH''i'"'"t" willi tin* Komi^'U t\mMniwioniTH in onlor 
llint llii'^< |>iti'kivifi»t may l>o tranMiidttiHl in ai'i'onUniv with Iho n-;,^]!^- 
Iii>nii iii>oi'ilii'i| ill Artii'Io <0 fur Kroiu'li i«fk»m-H ; mt tliiw jioini, liowi-vrr, 
llio l''oM'i);ii roiiitniiwioinvrii willatlupt tliu (Miinu> wliirli thoy intiy connidiT 
moat ndviNtldo. 

Art l.t. I'Voni'li and fon>i)ni (^mmU will Ih« roivivoil into the I-]\I'.il>i< 
lion film) titit li'ttli •laiiniu'y, \Mu, u^t U> tlm UHli March following, 
iiU'liiiiiviv 

Art. 44. 'I1ii> KxliiMtion \* itmittitiitiHl a Uiiulcd wnn'hoinir. VoreijTn 
Li-oitdit inl)>mli*<l lor tin- Kvliihition will W ndmitlod into Kramv, uiidor 
Iniiid, ti)> to till' Mil Mimdt, IS(!7, t\v tho followiuj; purtH and frmtirr 
townn ■ liunkirk. I.illo, ■ Viili««»'i<'nno*.-- Koi^rniiw. - donmoiit. -- 
Vin-nx, llivnt, l^mffwy, -niionvillo. Frtrlv*»'l». Win^'nilnniru. -- 
Ml nwUnin*. Saint Loniii, - IVnUrlior. l^'llc^^nlo, — Snint>Mii-h'l — 
Nii'i*. Mi\r*»'ill*'ii, I Vtti«, \jy IVrtliun. --ll<>ud.tyt\ — lUyoiiiuv — l>.>r- 
dcMUv. Naiili<m i^aint N*/ain\ — tinuivilW, - ILtYrv, l>itpp\ — 

Art. 4A. Thi* lni)M<rial l\>i»iniMion will iiwuo ajwiMal inntnutit^TiA 
ndalivn to tho iH>niHl wlu*ii thi* ntatvi^x f.ir the liuildinj:^. aii oltjtvtji for 
i^vliildU^tu. tho •t'|«ntt4* ynu^* of iivvtiinm and a)t[tar:ttuii, hoAvy ,tnd 
(niinU>nionii> arliolcii, and titiwi' wliioli rtviuir\* maBi>iirv or ii|vci.il f<nin<i.i- 
lioN«, art* to Iv lH><i)i,:ht into tho itr^vincUiof tlh> KvliiVitioii. Siioh work^ 
AfH* ti% K> )HTforni«st l\\ tlto os.hiltitoni and at tlh-irownv\vtt. in atXN^r.l.tiH'o 
«ilK llw plaiw »ul>mitt«vl h\ thi-ni for tho ai>|>rvfval of tln^ lin{H'iinl 
l'MunitNiii>i\. 

.Vrt. Itt. 'llh' lut\y>riat tVmmiMiou will *npply {n^luil'>Hsly Ut» 
»«U'r. jja*. »lt\km, wnd motixi' imwit for tho u):«ohiut'» ndniiitM nndiT 
th» r*suUti.«n iimt«:iit> '. in .Vrtu-lo S[>. 'VIh« iiii'tixo ^viwi-r will. c\iv;n 
in »|HS't.«t \-aM-«. Iv tran«uuttl^) Itv a lioriroii i.tl luaiii *\\.\ix. tlu' <ii.tnirtiT 
and Iht" uniuN-r vif i\>«oluii.in>i iht niiiuu.- ot wliiv'h will W- ttu.li,- kii><wn 
hy Itn* ln\i>T;»l \\»u»n\i»ion Ivion' tht- lUat l^ivcinlvr, IS("C». Tl'.r f\h:- 
Imon «itl h»»^ t«» iv.rnwh ilri^mj; pn'tWis oji iho m-vu ^haft. *>';iii;v:'.:Si: 
pnlh>>«, and iui»imrttia;%' ^ihaftinj; for tiu- insrivxio of r\'):'.i*aiing :h<* 
Vwv'ivr ^iv^t %»f ih*' api\«ra:ngk a* wtl! a« tVo Iv',:* n«\v**Ary for OACh of 
thiw* inotiitnit. ST^■Anl i".;i:nio «hi.'h twiutn' lo '.v »upplh>l W'l:h iceatii 
ft^«m their o«ii U^i^^nt v'aitiit^t Iv nJtoau in the K\h:b;;ion bi:'.Lil:'.'.i;. an.i 
njvvial dinv:».*K« *;" :h*>ivfon« U» imviisI rx-^^yvf.iu; tlh-*.» 

.Vrt. 47 All v'lh. r f vvs-n**-*. •w.'h a> tho vaip'.o\ moiit *»f w\'r».".'.ifi\ in 
iS^ Wi<dn\<. sN- Ksv,'l'.on ai*.d o^viu:\i; A \\xcKSf».-*, tlu- n."j'.v"*.^l ^ni 
t'h*iv<'' *^ |«.'Vf.i»r oa».v>, lik' .>'i»in;oT iO'.i o: »,"a',UtfT». #;.\r-^ ^'.aj* .^a 1 
oiVr *'.V\-v A» . !!;.• ;-'. t,'-."..; o:' _cv»'i» "'. ;!•..> K\'.i;l»;ti»v. Iv.;'..::.^; »,'■ ii 
l^.- t\u?v !'v .\\\':-*v ,"-•. of t;:;' s;.a1*.s aii.i :l:f Tv'.wT-A of Oi;- jt-v*'.*. srv :o 
K,' 'vwiw 'ov :V t-xViv.;.'!*. Krt'r.v-h ju «.'.'. .m fxv\-.^;. 

,Vrt. ».< IV );v.',vv.*', vVv,:-.v,**:.>i- »■,;; jv.:-.: .-.:: :o i.-\V:H:.-r' «".■.,' 
K'V ai'^v. A".iir«.t.^« :.'r :>.(' cv^v ,•.;:•:•. ■.■; ih.-.r w.-r'^* .*:;.'. f.r ^Ij? 
w'.v.o»». «'*.; oi:»J-m;> of iV'.r oaj*> . '.■;■.; \j-:\ at-.' a! '■.";xT^y :o <:;;:C y 
»:>> ,\v.t;r».;,*r» ,* >».v-t,:m;-,-. ;V» ■-•,■-« :>. ".-.W r:, 

totlh'At a*la*l *» tS- ;•.■.■.'„• ■•>j;» ai** *v;-';'.',<-J<v; , :>..-_\ n-v.*: iv t.v:v.:--^:-.A--- 
a: '«»-.»t .V. :K> \t\ 1Vv;v'.nt. ".'•.••.. a:-..: v...;*; '.v 7<«.iv :.-r UV rjvfi-i:-.-:'. 
o: liwv.* N.'''.'o,- iS." '..':>. Ja:v.i.*r>. ".>.'" 

'Vr«. .*■■' VV* -.xftiMdutii w^t^wl .■,■,>/..' ;>*■ if\h.',>:;:=j: *;-*.v S-:-?_: 
H.-\-«.'\ o.*I.-.'.'.»t.v; r.-? S.v ■.v.T'>*t.- -■: »-:v ;-'.*: .",■. y^Vi^.* v..; --i-v;!!- 
,i«M,>% ar»' ~s-! »',,■»*».■ :o :".(va:'t ;'. .-t\ :. ^' v*i.i -v. :*:. ;'Nrs::"TV. S." ".""■ 
•.\»i\*>,l a* **»! »> sVv *rv rvw^.'l ^'^■. iv.:xf.vl l\'CLiv.is«ov. ».,^ 



peril, thn cahm Itift in the poiwa^ iutendod for cirealation. From the 
1 1th to the !i8th Man:h, 18»7, the gowU already nnpacked aod placed in 
tlu) HbiilM un; to bt) arraiifred and displayed for euiibition. The *J9tb 
liiid ^otli Miirch are rL-Bun'ud for the purjKiae of a gentiral cleaning. A 
p^viow of tho whole Kxhibition will take place on ^e Slst March. The 
liniM-riiU Conuni»Hion will taku all muasurea neccaaary to have the Exhi- 
hitton voinploto in all itx ]>art8 l)y the 2Sth March. It will, therefore, 
diHp'Mc of all thoMe jmrtions at fipace which, on the 14th January, 1867, 
ant not occnpiud by huIIh ready for the reception of goods, and of all 
thfM; hUiIIm whitili, on the 1 (ith March, do not contain goods enough to 
fill tli«Mi. 

Art. i>l.--Ininicdiatti1y after they have been unpacked, the caaes that 
hiLVo l>oun uwd for the carrii^ ot the goods either in France or from 
aliriNul, aro to Iw nitnovtMl by the exhibiton or their agents. If they 
Hlionld fait to do thin without delay, the Iniperiid ComuuBaion will remove 
tho ciuum oiiil i»u^king, and will not be in any way ruaponaible for their 
pr»'«!r%*ation. 

Art. li'2. — Sjiocial iiuttnictionH will Iw published hereafter for the 
rir<;nni7j\tion nnd Hrraii^i.-niont of the pntducta and objects for exhildtion 
whioh ant to Ih- ]>liu:(>d in the Park. 

Art, ."iS. — The name of the proilucer will be affixed to the goods 
t>xhibiti>d. Thn n.ime of the retailer who usually acta as his agent may 
Ihf addi'd witli tho producer's consent. The Imperial Commiasion wi^, 
wliou rupiireil, iiittke nrran^jfementti for the exhibition of goods under tbe 
iiiiiui! of the rotLiler, whuu they are not sent for exhibition by the 

pHHlllCcr. 

Art. 54. — KxhiliitorH are r«inested to insert after their own names or 
th(> nimuM of their iinus. thu nainoaof those persons who have contributed 
ill n 8|KH'iid niiiiin(.T to tliL- nu-rit of the products exhibited, either aa 
iiivonltirx or dixi^iit-ra, or by aoiuu process of manufacture, or by some 
n<ni;irkabIo xkill in the workiiinnHliip. 

.\rt. !>!>.— Tilt' CAsh prin- of the objects exhibited and the place where 
tlit-y may 1k^ purclLbn-iI iiiny I>u ntatcil. This information must be given 
niton 111! olijftrts ini-luded in Cliuu IM. In oil the claaaes, the prioee, if 
atatt><l, iiic^l Iv mlherod to by the exhibitor as respects the buyer, under 
]vi)Alty o[ ,'\elii8ion fntiu i*oiu|)etitiun. Objects sold may not be removed 
U'foro tho I'loM' of the Kxhibition without the special permission of the 
Iiu|vriiJ iVnninixition. 

.Vrt. ,'it). — The Imperial (.'oinmii^^ioii will take every means to preaa^« 
from dniuA^' tlie artiele« exhibited, but it will not hold it«elf in any waj 
re!>iN>n0ible for any Ixtan by tirL>, or for any accident, damage, or iajun-, 
great or Bin:dl, whieh niny hnpjvn to them, from whatever cause it may 
ariitt>. Kxliibitors iini^t take upon them.-^elves tlie expense of insunuce 
if tliey »houtd m^ tit to avail themselves of that precaution. The goods 
exhibitiHt will he wateluxl by the necessary' staff, but the Conuniasioii 
will not Iv ies|vtn«it>le for any thtrfts ur embtrszlemeots which may he 
iMnnnitt*Hl. 

Art. .^7.— A !i[Kvial notiet^ pt'vted in the ExhiUdcni building aod in 
the Tiu-k will lu-ike known the staiT appointed to organise the interior of 
tlie huiltliii};. It will al»> n^ntain the names of the ot&cen whoae dutr 
it will Iv to ^ive OHistance to the exhibitors, and to watt:h over the 
Mvurity of the Exhibition. 

Art. .1;*.- .\ (ioket will Iv delivered Ui each exhibiuir. which will sr-ru 
him free admi.<->ior. to the Kxhibition. This ticket will nt^t be traodferatLe. 
If ii sh.>«'..i U- prvn\>l that the exhibiuir has lent or ^Iven his ticket to 
s.nno othiT i<*riO!i. ;: will Iv forfeited without preju^iioe V^ fiirther pn> 
v".>.>iii!p' M i,.w. 'l'.' «vi:re the oarr\-iu^ out of this regulatSoo, the 
t;oii<-; o: .■\i:-.n >.-i.:on mi:st be ji^nie-i by the holder, who will have ^> esMr 
the K\b;b::;o'i by certain prt*critvJ .i.>.tr* only, and he may be rNsired 
to t :>;aM->!i h:« i':i.nt:ty by «:i.niinf his name In a bcok to be kept f(>r tfau 

Ar:. >>^. — K\hlbitt.>n will be allowed ic have t^eir i:>>.>ij taken care c-f 
bv th;- aj>'r,:* tht'v msy seleo:. !>u; they la^is', W ap(»>.->ve(i by the 
l:ti;yr--*I Coimui-ision. Fers.':i;-.l ;:eke:« > f five .*ln;U*i'n wil. Sf ^Iicq 
to thi^Ai^ ak>r.t» ua.itT the ..•-■■:i-i;:i :i» laid di-wri iii ttt foreyjizj Arti:jr- 
.Vs tv'a'.b::.'r's a^-^i:: o,a:i o-ily kc*:*"* i-«e tick.e: ef a-Hiaa'OB. «b*:ev«r 
nmnVr of txb..V::or» he ai*y rtpn:;'*^,:. 

Ar;. <>■■, — Kxlub::.T* or ih^e-r .vt'"** ^•"^' ao; »>i;cit visisors u :eak* 
pur.,-La«<.'# : u:ey will o.-rjir.v -^::_j«;1vi« u-- an*w«rlc^ br^^inea. ^ 
hA:-..{-.r.i: :h.:- a.,;^«j oat.U. j'lvtffvw':::^*^ a=.i Ii»:s of pcMes wsi^. -oej 

\r.. r'\ —TY-: lr.i;»r-lAl Cor.z:J»: a wC £i hereafter ibe ^atm rf 
v:!r.i»:r. '.o S- ]\\l.i bv \-j:uts i=. :ritz to be adsctsac izv a« 
E\h:M->Ti. 

Art rC — ATI Ie vmali.'cal J-rr f r =i*>i=^ li» aw»n» w-Z ^ ?XBai. 
ol:v..-er'. :zv' -■.•:» _-r.".:r*. .>irTV*Tv^irK w-,ih s^ sine $rrcp* ct tae ye>- 
.■zcz» e: 4^.r.:'.:-:r-, Aii.i — i-ji.:ry esu,=>-r»:o-i 's:. '^ sriaes. <>* ;L M >3£ i. : a- 
tiiir.. .Vrt. 11. azri Av'^^--.!.!. A.' F=rf r^naSer. UK =>:=r%. asii ^ae 
van '»« ^rftsiK« > :' i^ aw,fcr..s **■ w^ll j« \zi* itasLbitKa. acri f=ac&:iBS ic 
liiff •-T\. wi.>K .i.::v ;t tt-^ K W a^-K^-.c zt-iss. will be Tc'ltbttsc 

An. ?V. — I=:=»i_fculT a.Ttr ie .:J..*f :: ti-i ExJiriikc tie £x^^n-cs 
r.:3S :*X"- '•■■ -..wi. AT.i n^: r- -^-f > ^x*i5 asi ru:=^ T^ rc«na.iL 
=:■;*: X ,- -.iirir-ii ":*: « -Jie :.■ J: ~N. -.^—SLr '.-^'. Afss' »»: iasr, 
vie ^.vxik .~-.u«^ *::•-. i:;;:;^ » ix- =Ay z*:* ii« beat Stfsi *w»y ly 
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the nthihitonr or thtv »Bi"it"i will he r«mrtn-'J aad (l«posited in ft public 
wftrcb-^'ino ftt thfl (K»t *ii<1 ruk erf Uio uihiliiUira. Tbo objfcL§ wtiK^li, l>y 
thi> ;;<':'.'' ~''S, iu«r nul h»ve btiaa Ktanretl from tb»l wknshwm, 
will )■ II, AuJ tlie uot pruoowU of tbe mIo will ba ftpfrtisd to 

•unit.' *•. . ,i^ '-".ly. 
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INDtA-RUBBER CONSIDERED IN REFERENCE TO ITS 
APPLICABILITY AS AN IN;iULATOU FOR TELE- 
GRAPHIC CONDUCTORS * 

By WiLUAU HoopKR. 

Tm dif5calties which hAve preceded the snooessfal iame of 
india-rubhor in-iotatioa are preciaely the smue which were 
tjdCouDterml for tnaoy yeara after th« ioLrDductiao of Ihissub- 
Rtaueo XI a bnuch of laanuftictare. Native or raw iodia-rubbert 
when iu guod couditioD, may be kept for years without Bustaio- 
ing aoy deterioration, but m eortatn stages of its nuaufactare 
it DOcomeaausceptihle of decay, which is accelenied by esposare 
(u air and lighU The decay of indts-mbbor U now well-kuuwu 
ttt be tlie resott of oxidalioo, and is cbaracteriaed by a gradual 
tendency to fluidity; its first stage of decay is reooffniasd by a 
diToinQtioD of iM elasticicy, aud by its becomiog guttiDoas or 
sttdky, and Goally beiuK reduced to a tarry-looking fluid, which 
State it always preserves. 

The ultimate compositiouof iodta-rubber is reprosealed by the 
formula C^ H;. The analysis of Dr. Miller accords, with 
tolerable exaotness, with this formula — hu found in l4>0 parts 
Ssi'tiS carbon and 11*11 hydrogen. The Hample which he 
aualysed, huwevLU-j contained ^li)? oxygen, and evidently could 
not Iiavti bceu pure caoutchouc, heglecting the oxygen, the 
eomposiUou of pure caoutchouc, as rrauoed from its empiiical 
fonnala (C^ H.), is &ibG carbon, and 12'33 hydrogen, the 
difforeuLie iu which from the resolta by Dr. Miller's analysis is 
praclinally nothing, and oonfinns the accuracy of the original 
analynis. 

Indi.vnihber in a mftnufaotnr«ti state rontiins more or less of 
its oxidited product, which produces the oolour recognised in 
thu suHsL'uice, pure caoutchouc being colourless. The word 
cooutchouv stiould properly be applied to that pare priuciplu of 
CArbou and hydrogoa which forms the greater part of mauu- 
{actured india-rubber. 

The procpw by which india-rubber Is rendered suitable for the 
parpDses of iuaulatioD, cuusista of kq operation which involves 
Its partial oxidation, and ualeoa this oxidation is arrested, the 
india-rubber becomes uwIsas us a permanent insulator, ludia- 
mbber, wlien thoroughly washed, and driad, is masticateil; by 
whii^h means it becomes nighly coloured, and is uflerwni-ds fonnd 
to ountain a variable amount of its oxidised product. By ninsti- 
cntion, the india-rubber is converted into solid masses or blocks, 
which are cut up into slabs or sheets; tb« sheets are again out 
into tape^ which is the only form for applying it to telegraphic 
condttcturs. The tapes being put on tno wires, auother opera- 
tion i» re<}uired to reduce them luto a perfectly uniform and sutid 
coveiiug; this }\m been usually effected either by the us« of 
flolreola or the direct application of heat, both of which plaui* are 
•eriously objertiouable. By the application of solvents the 
india-rubber becomes more susc«ptible of oxidation, whilst the 
direct application of heat induc^o a molecular change more 
EaToUTahlf to iu oxidising. Wires inaaUted by either of thrse 
means indicate a very high state of insulation wheu firot niHde, 
but a.s the india-rubber decays the ineuiation ia reduced, and 
uitimiitely deatroyeiL 

About two years ago 6ve Icugths of india-rubber tUHulated 
w\r«s were supplied to the Government for submersion in the 
Persian Gulf, wtiich, with the exception of oue, have faileil almost 
entirely. I was &ronred with a report from Government a few 
weeks ago, made by Mr. F. C. Webb, from which it appears that 
the length remaining perfect is, at the truijieratuni of 7>^' Fahr, 
thrve times better Uau the gutu-percha insuUtcd wires which 
form the cire "f the Persian tiolt cable Mr. Webb stated in 
his report that he did not know who were tiie reapeotive mana< 
facturers of thexe several lengths, but lie brought home a pieoe 
cut from «Ach length for idenltfication. Ou my culling upou hira, 
be placed the sevend pieces before nn), and I had no difficulty in 
reoogniaing my manufacture. Mr. Wobb at nnce said that it was 
off the length whioh he had reported to the Government as being 



^ 



* £ead balm Um ArUtah i.MBclaUaa 



the only one that remained perfect. Tt will be seen from theao 
uumbeni tliat It is the highest degreeof insulation yet practically 
attained. A length of 1610 yards, tested under a pressore m 
6000 lb. per square inoh, and the same length, teet«<l again onder 
preuure of 44^0 lb. per square inch, oi.-ilnt^xined for nearly ei^ty 
nooro, showed an increase in its ia^ulation resistance; and on 
removal of the presaare it was not found to have diminiah^-d, as 
has been stated to be the cnte with some spocimcns of india- 
rubber ti)8ulate«l wire. The length under Chid tudt contained 
two jointa. Tlio high ronulta obtained from joints in my 
insulated wires hare eutircly removed all apprchenAiuns o» this 
important poiut; aud there is no practical limit Lo the age of the 
material iu which joiutit can be safely and reliably made. Five 
miles of my inauLiUid wire, contJiiuing in eaoh case eight and 
twelve jdints, were uniuterruptedly maintaiued at the tempara- 
ture of 75** and 9d° Ftihr. respectively for 24*) houm, and on being 
reduced to the initial tcmperutnro wore found to have snflferea 
no permanent change. 

The facilities offered by my pmoem for producing insulated 
wires of nearly identical degives of insulation, and for re<laeing 
the most minute fault, enahlo me to being forward this system 
as one by which absolute freedotn from uerects can be insared. 
This is a poiut iutimntoly conu<.vt^ with the success of sab- 
marine telegraph cables; for it fr^ueutly has happoood that 
miaute faults have ou submergence euliu;g»d into enuroes of 
serious annoyance. The cvntra] p«>sition of the conductor is 
unaltered by any elevation of temperature; aud, as it matutalas 
a high degree of insalatlon at 1-50' Fahr., or even higher tem> 
pei-aturea, it is peculiarly applicable for tropictl seas. In its resis- 
tance t<> mechanical injury it fxr surpassies nil other materials 
which have been trioil fur insiilaiitig leleg^i-nphic wires. The lnw 
inductive capacity of iudia-nthber renders 'it especially suitable 
for telegraphio cables, and by my process the low inuaction of 
india-ruhber is maintained. 

Sir Charles Bright, Mr. LntiiLer Clark, and Professor William 
Thomson have favoured me with the details of some very inter- 
esting investiii^itiouH which they have enur through, nn the 
qnaliUca of my insulated wires; aud, as Prfif. Thomson wan not 
aware that Sir Charles Bright and Mr. I>ntimer Clark were 
giving their attention lo the subject, it i<i highly saUsfoetory to 
nnd how nearly ihey agree in refereuoe In ilie inductive capa- 
city compared with gutta-percha. Prof. William Thomson 
fonnd the indnctioo of my wire as compared with that of guctA- 
percha to bo as 100 bi 13^>, whilst Sir Charles Bright aud Mr 
Latimer Clark found it .\s lOO to i:t6. Mr. Wjldman WhitehonsL* 
ex-^miued a lohgth of one of my higher insulated wires, which he 
found iis 1(K) to lUO. As the rate of signalling is governed by 
the i-etardation ariaiug from inductive charging, the transiuiMion 
of messages will tw luvecvely as these numtters, that is to say. 
tltnt 13d 10 \W messagea cotild be sent ihmugh an Atlantic 
cable by nsing a conductor insulated with imliji-rubbor acoonl- 
ing to my process, whereas lUO only could be sent in an eqnal 
time by using a conductor insulated with gutta-percha. This 
has a TuoAi inipnrt'uit bearing in a 6nanctul point of view, since 
the coHt of insuliittun by my methixl would not be greater, and in 
some of itA fornu oonsiilerahly less, than that paid for insula 
by gntta-perclia. 

(Several lengths were shown to tha loctious, and aJio a 
diagram illostratlug the effeota of tempei-ature as compared with 
gutta-percha.) The nmlhematical properties of the curve were, 
for the temfMratures determiued ou my core, Mmilar to thoaa 
obt%ined with gutta-percha, but the differeucew iu the insulatioD 
for increase of tempemture were not so great as are observed to 
take place with gutta-percha. 

The fidlowing table g'ves the insulation resistauoos in millions 
of B. A. uuita of my ooru mid ^atla porcha, at different tempom- 
tures: — 

VOraU UTcoL WOart. 
GutU-pcrcha (Fenian Gulf oora) 3206 170 4ff 

Mr. Uuofwri oora 7103S 0338 3S8S 

A length containing a joint that hail been kept in a bDtliag 
solution of s.ali(2i<)' I''.) for twenty hours, was pUced in a vewS 
to be again he.itml to that leroperatm-e and t«stcd; but the com- 
mittee decided that it wmt uouecessary lo (Ml it, or any of tba 
s^wcinieus and joiuts exhibited. 

The ipFoimens and joints hnd been maile at different periods 
during the last four yearw, aud were sh«jwu for the purpoie of 



3oG 



THK CIVIL ENGi:^EEK AND AECHll'ECT'S JOURNALl 



[D«-t.tMS 



l«in;{ examiuecl, tA see ItiaL they Iiiul not auflcrecl any ehiu)2«. 
Atuoiigst tbe BpecifnvUi was \ length uf half-n-iaile with > joiul, 
onl frooj tbe £ve milee refetrcd to &bov& 



During tlie diacituion which enauod, 

Mr. StEHEXs, F.RS., ex|ire8secl hid concurreucc with Mr. 
Koo[>cr'd remarks ou the value of iudta-rubbcr inaubition, ns 
compu'eil \ritb that of gutta-percha, except thnt itidin-rubber 
itii;in>vi>s ID insulatino under prassurc; vrilh ibat cxcepliun ho 
i''-:i4)ile>x*d Mr. HtK>|H.T had kepi within, r»ih«t lltHii guiie twyond 
llirir relative pivi pert lea. iJit^cultiiw had liithert<* bi.-t>u funnd Jit 
tbe application of iudio-ruLbcr jia an iii»uULtor, aud it would be 
iutcicstiug to lltQ aectiou to kuuw how Mr. Hooper hod over- 
come Iheju. 

Mr. F[,p.KMiNG .iKKKiK. F.fi.S., stated that he bad fur soma 
veai** been aoquaiutcd with M.r. Uoopei-'d method of in&ulntion 
uy indiA-rubbor, and he had nevur seen a length of bis uann- 
factore that indicated lose or decay. He conaidei-ed Uiti ditfe- 
rnnce Iwlween Uie remilt of (mating under pivMure by Mr. 
SieDieiis nud that by Mr. il(Mi[ier wiu catist.'d by Mr. Hoojtcr'a 
proccitt ia couaolldAtitig the iudin-rubbur; bin ctperieuce tended 
to confirm tb? BtAteoienta made by Mr. Uooper. He ihuii^^ht it 
exceediDgly desirable that Mr, Hooper'/i cable should be prncti- 
cally tentud by beiug subinerged aud wurketl, m it was evtdeut 
that for long iengtlis aud tropical aetwii il M.>eu)t.-d to p;>6)te«it very 
valuable properties as ootnparcd wiili giiiui-jreioba. 

Mr. GAtisioT, F.B.S,, itiiid he thought the exiwrimeuts Id oon- 
neciion with the aubmergouce of the two AiIhuuc cakble^ had 
deaiouitrated that the two mechauical dilliciiltieH of ihs laitk 
could be overcouic with ii uiodcriLtc degree uf caw aud alteuiiou; 
nod the most importnot oonsidcmilon was that it bad U.>cu 
deninnstraled poasible to lav n cable between Irelaud and Nttw- 
foundlaud, but they uiUHt tMke Qtre and not do hs ba^l been ilone 
in other cases, viz., lay dnvrn a cable which would only liul two 
or three yean, lu Ihii connection Mr. OftHMiui |>uiu(ed out the 
ini|)0rtaDc« uf tbe cable produced by Mr. Hooper, although he 
r)U>'8ttoue<) if tbe liiue had urrivcd for a 6nnl experiuteut iu the 
laying dowu and working of au Atlantic cabli^. Ua thought the 
ben ring of india-rubber in jt4 Tariuua qualities ug au iasalator 
ought til be salif'fiictni-ily and coDclusively delermioed before the 
laying of ani>tl>iT cable iu the Atlantic w&s otteiuptetl. If ibey 
went on from yeiir to year uuaucveBsfully^ they would absorb 
any aiuount <jf CHpiial; and the citlfeus tu wboiu ihey roust go 
for luatei-ial Bup|)0it would clooe their purses; whereu«, if they 
only waited the result of the ex[ieriuient8 being diUi;eutly 
prosecuted by eleclricianfi, they would be able to coiue forward 
wttli a scheme which would nut only be a Hucces^, bat pmcticAtly 
with the beat cable. Thorc wuidd then be no diiheulty iu raining 
cnpilal, for liieie was nodi^ubt tlint tbe Atlantic Teiegrajdi would 
be lairl; but before agitin eiub«rkiiig on the enterprise evcy 
experiment should be made. Tins was the only prudent and 8.ife 
course to adopt. lie uodentouil the Goveruniiint liad aeut out, 
two or three years since, several ieufftha of insulated wire by 
dlflereul nianufacturers to Karrai:bee, including one by Mr. 
Hooper, to be practically tested by Bul.meraiou In the Indian scaa, 
iiod a report ha-l been Ulely furuiahed to I he (J'lvemnient stat ing 
that all of the in except tbe length ttnp|>lied by Mr. Hoo[>«r bad 
failed; the report to Govemnieiit went ou to state that Mr. 
Hooper's cable tested three times better limn the Persian Gulf 
ubie, which io iuftulitteil with gutta-iiercha; the GoverDmeathad, 
in couscqaeuoc, giveu Mr. Uooper an oider f(»r about oO ndle* ol 
Ins cable, to be Muppticd forthwith. He cimaidered the Atlantic 
CoiDpauy might well follow the exiiinple i^^t by the Uovcrumeut. 



Waierlov and WJiitehall Am/»ojr.— ITie works f»r the conetniotion of 
thie railway uixIr'rtivkiDjr vn'tv rwmillv c itami-:nwjJ tiQiliy tht- HupurvMioo 
of tbe «nifiu«TB, Mr. T. W. Kamnieil Jind Sir C. Vox- Tlie Iwd of ths 
Thames on ihc Surrey side r<f the river, at a puint nearly opp<wtt« 
Colleue- wharf, and in a line with Mctitltaad-yBrd, IB lielitg drml^^ for the 
fuuniutinna im which the imn tube is fi bu laid, At Scotlnn<I-yiiTi] the 
j^ruuih] (or the Whit4:liall ataUon has been cndotted for tbe erectioa id 
tbe leriniiiua on thu liorth aide of Uli Tbauu-J. Fnun SeoUatul-yBrd tbe 
liue will I>e cMn&l in brickwork under tbt> IIimjilm KmWdkiuent to the 
river thmuDh anil acrna the lied nf whioh it will 1>e emitinued in a 
wat-r tijHil iron tnl« «-ncn»«i in winent. From tlic Thameft the bDev-ill 
ho iy)ntinuod iu luickwork under C< •Ileue-atreet and Vutc-itrec't ia the 
inu-ndod flution on the north aide nf ihw \\'«t**rliii> t<-rmuiU5 of the South- 
WMtwn Railway. Mt«itre. 8amuda, of ri>|Jar, are manufacturing the 
iron tube. 



INSTITUTION OF CIVIL ENGINEERS. 

,Vot. i — Tbe fiwl meeting «f tbe »M«i<<n INfiC-'t wiio cwenplcd by tl» 
reftiliti); iif A pajiei- ou " Tf>e Ttlrynifk to IriHu. uvd i/* fj-frfiWo« to 
jliMini/m Kill! Vhina," ty .Sir (.'axRLXS TiLSTOK itRiQBT. M.P., 
U. liiKl. C,E. 

Aftur mit^rnng to the prerinun nttoropts to estalitiiih t^legnipbie ooiu- 
mnnifatiou with lodio by (he Ited Sea, and alln<tin^' to Uie oaoMioCJ 
tbe failure of that enterpnac. tbtt authtir proeee<I»l to describe the stMitT 
taken bv the i.:' ' ;<> earry out tbe line tlirou^h 31e«crpnUmt»J 

aiul hy tliu fVni Kumichat^ MliirJi wim iiu» in iluilv uperatiof^ | 

(Mill I"-' •!" y '■ ■ '..;Jcutta, l^indiav, Mni)r».<4, anil all toe princi- 

])«] \' T'll ext«ni!it)^ aa far t<> thp t*Mtvaid m llMigtKia. 

A ' ' " . ^ivi-ii i>f the manufatiture. lading, and cJeetrical 

texto kpfilicd u< ^ i' riue oahltn tctween the head o( the Pcndao^ 
Gulf, Bu!(hire, M - ' u, OwaJur aikl Korrachte, the en._'it»"»Tin^ I 
anil cli^rtri' ! i.h jo.' Iiuing rarried uut f'>r the Indi.i' 

uiBiit by til .:,'l 111.-. jLirtiMT, Mr. Ijitimer Oark, M 

Tbo I'ftltlfH .>^ .[1 -Li'ii liJiiiijjfjl Ui thf cIam hi ■halliiW-wftU'i* ' ■^■■i- •, m-j 
drplli W-mg (^i-nerally rIhiuI 4<i fHllmms, nml the huttciiu Iwiuif prinei- 
pfllly i^and luiil %nH nuid, eircuiii«-tiiiiix<» the uimt btviiuraMu for the 
dfjioMitiDU uf ■nhtuarinc hnn*. The e»rv watt ciunfiosvd of 22a Ih. nf i 
r(i|h[>cr and 2Tf) Hi of gMtta-(>er(dia per iinntiiral mile, tlip giitta [■■r>^Vi» ', 
1)elni|r ap|>ltod in ftMir KepaniL^ coating ; ovfr tltli wim lud at 
hctiip, unveivd h; twflvv j^vauificJ irou wireo, the whole b. 
Willi two lavera of a c<im|-)unil "f titutueu aud tihiM, applied ui .-i ]ii.-w;k 
Btote, in comhiiiati'ju with two Klt«niat« Hcnringv of hemp hud in opplK i 
fiite directioun. In the cuuKtntetion ol the conductor foor MgrocstBlJ 
[liecen nf c^oj'per wilbiu a oop;<fr tube were uited. tiy which tbo tntcbaoi* 1 
cal ailvanta^'n of a ttrand wore pnwerred. whiUt tbo electrical eAcienoy ' 
was addo'l to, in coneoqiicnn' of tbe c^-lindrical fnrm of the ektenor. 

Thf »lnl»mte «y*tcin of eleelrieal te«t* taken during the cunatructinn 
and laying (if the ral^i;, and a »erie«> of •;x[>eriiuent« dettiruiiniug, for tliv • 
lifst tuiitr, tbe ilif!'t;n-iic«t> of coudtietivity of gutla-pvrr-ha aod todia- J 
ruhljLT at Vnrimia teni|H^ni1urai. were fully deacrihed, :« f;.--!!.!!!.! twauf J 
givttii t>d a guide in mJcnhUing tbe effect of dumgei of t' ■ '^P'**! 

th»^ invulatieu of autnuarine cables, A new method of t- joinli 

in tbe core separately was tntro«iuced, whereby a conniuumMu gain is 
iniulation was attained. Tht- cL>(iduuUvity uf tbn wholes «f tite nipper 
wire used waft iiHanLired, and all wire brlow an cstntiUidid ilawhmt ^ 
waa rojected. By tbU maanK a high degree of comlurtivity watt arrived ak I 

Tbe total length nianufAct'ued wiu 1*^34 nautical ndleev weighing is j 
all 5028 tons. Five Railing vvisJitele aud one tteamer oanveyed this iiiu>'3 
of aubmarine cable to T^>inbay, and the auhmerwoa was eooune&ccd by j 
tbe author on tbe 3rd Kelu-uan*, Ib^l, at Gwodur on tbeeoaatuf Bale- f 

ebittan, tbo whole Imadu eompletcd by the middle of May in tbe i 

ytfur. The eablea were laid for the tif>l tiiue sueuiflidutly from BSdUntf] 
vonela towed by Bteunerft, )>y which a eoniiiderahle Baving was elRMtfO 
conifiacvd with tbe cnat ot aending the cable roond the Cape in tieMBi 
veaaelfl. } 

1 1 wu expected that tbe Tnrkiih land line, iK-tween Bofplad and Urn : 
hcr.>! of tbe t^alJ, would have bt^nn completed simultoniMMiidy with tbe 
Bu)<mer«ion »f tb" Pm*tan f>ulf line. In thi«. however, mutb diaappoinl- 
m*-nt wan r ■ . .1, owing to die Arabs, on a portion nf tbe route, in 

tbt- \'alle]- ' 'ii-ate«, lieiiig in revolt agaiuat the Turka. f u cxm- 

aequeooe ol iin-, mi. •'penlngof ihti entire lii>e ))etwe«;a Kuropeaod India J 
was deUyed uiitil the end of Kabmarr in the prcaeot year, when 
gmm was reoeived in I»iidon fr*im Kumvcheo in eight hour* xml « li»lf 
Tbia i^'aa tpaedily f'dloweil by niim«>rou« commcreial lueaa-i;.' > 

fro. and a huge ao>l remunerative traffic was itow daily pfl^ 
nuth<.ir, however, cnniplnined of tbe dcUys and «trron> ■■■ i tlte 

Turkish [<i<rtion of the bne. between Coustantinople an ; tbe 

wrvteO on the portion of tlie hrtu wnrkvd by tbn Iniiuit' iio^i-riitinfiit. 
between India and the bead uf the Gulf, bang perfomiMl rapidly audi | 
efiidently. 

The ilifEcuUiw encountered by Mnjir Cbampatn. R.K., in the con- 
struction of tbe IVivian telegraph. bt-twt.-en Tebenui, lajiahaii. Sbltwc 
and BuahlK. were described, imd the Iuhb of the Ute CoIum] Patriot 
Stewart, K.E., and his devM^^d Bcrvicea, were feeliuglv alludeii to. 

In considciing tbe cxtnuuun of tulfigraphic cooimunicAtion frotn 
RangoQu to China and Austnlia, tbe auttuir pntcred ui>«ii a muration cif I 
the advantages and otherwise of the a«v<tr&l idans propiMed ; aod ooo^ 
sldenxl, although part of tbe line in tbe MaUy Pcniusulo. onddaewban^'l 
might lie taken hy land, that the spocdu;«t and most reliable maoiw dfl 
ean-yiug the object into effect would be bmud in tbe rubmetgauM nf 
submarine calile«. If unipf^rly constructMl aiwl laid. The teguUrtty <i( 
the working uf a goiu «Ti^l«m of cabhs would, iu his opinian, mum oom'^ 
pensate fir tbe ulditicioal nutlav involved over aocb sccUoiib of tbe Uutkl 
It waa thought tliat a line m^'ht be carried, tu a oumpontively dKU^I 
time, from Kaugoon to Singapore, ibenee to Batavia, jouuny tlie Iiuiciil 
laud liuea ihatv, and itawing (rnm tb« sotith-eaatem exireniiiv >>t .Tov 
lo IWur, ODwnrds v> thu Au»tralian ('oa<it, wbithet tbe AD)-t 1 ' 

\mc* wrrc rapi'lly ad%-noi-iug, and would be cvrottid u> mr^l 
From SingaiHwe a Uur uoiihf Ix' earri'^i t«t fliina, t^iucliiiig itt Si»ig\i.«, tii 
th<t PeninKuls might he croaied at Mergui, and tbe ec« hue Iw < 
tbencv acioss tliu ijulf of iSiam. 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



KOYAL INSTITCTTE OF BRITISH ARCHITECl-a 

The fi'Unwing AddrcM by the PiesiileDt A, J. B. BEniteroftD 
Uoi'K, was delivered nt the opeaiog of the Bewiou, NoreniWr 
Cll*. 1603:— 

It la a relief to your preniiient to fe«l Ihat the ftihirens nf |8G5 

fulloWB up^^n ft voiir of r^'.it, — a y«;ir whk-h, whila it liua not 
given ttirth to nuy ;»rticuljir rtMAon f'jr exulUtiou, hail, up to 
ihrtw wci:k» sine?, (iwd equnlly devoid uf tuty renmrknble ciuse 
for sorrow AiiJc^iU'bUuce. If there has beeu » Urnii Hxliibiu-jii 
this y^ar, it wns uiie which wim partetl fiittu iin hy tSi. Ci<ji<tx«'4 
Chaoiii'l aucl the IIaco uf llolyhi^tili auJ th>> L>xi^fi)<;ie8 of u 
hu'hlleil-«jp uesiiou, followed by a (reucral election, hr.vi> kept tlie 
otilvctivtf wiwli'in cf I'lu-liameut n|T tirciu ihe fnaciiintimri vt nny 
arc-«?rn8M)», nr of aay nvt-hamy, — tilings wliicli BOtnelinies run 
aonievhiti closely up into en^h other. Tlita lull, t4>iii|)(>r:try iis it 
niHV ^irjvc, nmy Iw ii4od by lis as ;.d npporlunity f.>r reviewing 
calmly hikI fuxrltuwty th? p<<8ilioii of this I<<t\itl luKtitnte, aa tluj 
jfenend «x|K)nei)t and ijicMithpiece '-f Kn^'lirth architecture, and 
fur OT'OAideriug the comtitiun ('four imtii'iml architt'ctrirr itself, n* 
it tnny ha mended or the rev'cr»e, uvcorUiii^ a:i this lustilutti nets 
witli unity, vigour, and wi'dom. 

( Hitt uiubitiuui* for the honour and u^efalaesa of the luatitule, 
Aii-l A'< die result of tliia amhitiau, I devliuu to iv<it whciv wu 
are. We are all doiii^ our liest, aud yut the Iiii«lit<itc. with iu 
atiiplt^ prcn»jiaiivei, its nyal ch/irier, au'i roynl lui-dul. iia p-»wer^ 
u| esaniimitiou, and iu variou>i prisea, with tli^ di*tinui)i9lH.<d 
nuiues that bt-luu]; to it, and llie vast moss «r tiioot iht^ii^^tiii;; 
architfi'innd lore which it has cuuveyed to the wui-Id, h/i^ not 
y*>t riaei) txi th*> nuitituit "f it4 duties and "f ila pret^iiaiuim. Tho 
lutitituie Qu^jlit to he, without rival and without demur, the cen- 
tml regututiu;; nrcopA]];ui of archilccturv, — of archic^'luiu as rv 
ncienc*'. and i^iT'httecture as an art; of architecture n» pmctisAit 
by ilj* iMiifeHiw.ial votaries, and fta studied i*y the amau-ur, — aa 
lovftl by Ih'tli, — thnmghout tliit imperiiil i-eidtu. Tlie ttine 
should uunjL> when the alHitenw of xUow U'ltera wbidi denote 
noma grnile iu the (nstiiuie from the umu^ t<( any one wlii> 
pniclioc» nrc'ii'eciure, sliould hv as nineh cauae for iiifiuh-y aa tho 
ahnenoe of fli-aiilemif di«linctii>u from that »if thu olerv'Vinaii who 
lua the niisfur-hiiiw u* \t6 n, " literate. " Iio n<it niiHtake tue, and 
imagine (hat I twn the nionthpi*)ce of any (ndu'y cf ai'^iv^sion; 
least cf all that I winh to cruah thu fr«e nrt-ltf<>> which Uhm j^tveu 
birth to *o many >Uher archil ectund and ncmi-ni'chiifctund 
flocietif*, all iutitiuct with the energy which tlie pure love of 
Acitfiico nnd beAiily iunpiivit, and iniiny r.f tJH-ni further nerved up 
hy the onvictitm of a inissii'Q to fuHl nud ii do}(ina t^i iiach. 1 
wicib them all pr<!4perity iind Al liberty. At the same iiui>', I 
tjesire that Ihey nhouM all act a* membeni of one syHtem, mnviii^ 
hArilliiiii'Minly i-iMind uuu Lenirn, cu-operaliug an the vuluuteer 
force* i-f thegieut aiuliitectural army, I'lokin^ up t<t this Innii- 
lulH, n'Jl a'4 till- i?rflul whom tliey are pleii;ied to bring [nw. but 
an ilie A'ma Mittei\ it-iidy In ;;ive all fosierlnK ati-e. at the uhe.ip 
prioe of MiiiUi-picioils euolideuce. 

We nni>*t not, however, shut our eyen to tlie ditliealtie* attcu- 
daiit on the reatiaalimi of such uu idea. I believe thiit lU 
nccepitng ii wm should huvp to extet.d onr b<jrdcro, and l'» cruate 
one or lU'Jlv Ixtiitli ehiiiiM;ii of iiiembetship for the prt>6cit?iil4 iu 
artii rehtteil lo, b.il uut, ideiiticid nilh, architecture. This eu- 
largeniertL would of coarse entail iucrfa:*e of kbour; but a« it 
would iuvidve iDcn-t"* of membi'iii alsi', more hnck-s un lionbt, 
WDuhl he fouuil biuud euough uud willing enniij^h to bfJir thtt 
bonourat'lu burden. There \» in p:irticular aii<l emphatically one 
phalanx which I eaiiicstly desire to nee nbaorbed into our body 
in Urgtr pn.poriioiis ihnu they hnvo a» yet beeu. Thew nre the 
archiiecl* who, becnuse the buildings whtuh they comiti'nct are 
pre'emiuenilymiiiu>ive, boeausu th«yare buildings mainly di:voied 
to the dex-eh>pmeut of the grand muterlaJ iuten-ats of the natton, 
U-cruist* thfir lueaaiirement may hi* the furlong, "lid tioi Ihe yard, 
ther«fMi-e abjure the nnmo of Architect, to borrow the inc>.>ng(niMiJi 
appelhitt"n fif Eogiucer. Do not miatake me, and iningiiie that 
one single thought derogatcry ti> tht- grandeur of those coiiatruo- 
lioiis. or to dm genius of the men wlio pl.innol thcin, croiweii roy 
mind widle I p4>n thr^e oenteuces. The man would ho onwortliy 
of the name of Eiigliahmau who was not (iroud i>f them. All 
that t euiy i», that I •lemur to the apFtetlatlou under which their 
conatructirfH have pioluced them. What isau eugioneil I look 
t> Johusuu, and he tells me; " Euyiueer; (I), one who mnuagea 
S trugiDes; (2), oue who directs the mtillery of «o aimy," with a 
Y r»feretice lo Shnkspenre's eugiueer boistnl od bia own petard. I 



seek furlhrr help from Riehardion, bat he only provides me with 
AU illutftratioii borrowiil from South: " Iu like tuauuer, as skilfal 
&n HU;;iiieci' as the devil is, he will never be able t<> pl:«y Wu an- 
glites to any purpose, uuhw hi* finila souieiiuiig lo 6i>iten them 
lo." We all know, and we all mimire, wlint our great civil 
eogioeer? huve done, and we lump all their grand works uoder 
nue term, and call it ''enirinperiug." But it is surely just tu 
inoor-ri'Ct t>' ' rytbiog thnt Sti'phetison or Brunei 

uoe<-mpIi!tlii' ■^ it Would be to call all the works of 

Michclnngel'i Mu;:n.':Ltii,', i.r pairuiiig, or sculpture. Michelan- 
gelo w.oi great in nil contttruetive and plastic arts, but the versa- 
tdily (if hirj greiilncss did tint bring tluMe arts ue:irer together i a 
thennrulvcs tluiu ihev were Iwfore. So the palrinivh:! •>( ino<lern 
engineerin/ have nidpficil the n>ndway><, iuveuli-d the rolllug 
ft>*ck, and defeigued the buildiitgn, all of which iu dillennt ways 
go to make up n woiking rnilruad, juitt x» an old nrchiteut might 
have hoitt, [Kitnted, ttnd carve>l n cuthedml or public hall. Tlie 
old architei.'t thus showed himself lo be aiYhitecr, pnluttir, and 
i!culpt/ir, iSo the civil enginwr pn>ve\l himMi-lf to be a siiri'eyor 
ill laying out the Hue; au euginper, pri>perlyso «illei)« iu coti- 
structing the engines; and au architect, ia denigniug viaducts 
and stations. The nnmo suiveyi»r hns no doubt gone out of 
r:i8litou a.1 a|ipliGabIe lo the penK>u who |<huia any very lui^e 
wnrkf, and if the wurld prefer^ lo tmbstitute the desigtialiuu 
eagluHer, I do n<ii object. My immediate pi<iiit i.i that the world 
abonbl not coutiuue lo dcLflve itself with uiu belief that Stepbeu- 
i"D and Brunei were nut .ircliiti-Ci*— aelf-made ttrcbitccls, it may 
he, ju&l ai the mathemLilici'iu Wi>;n nuA the pbyslciau I'errnult 
weiM self-made architects, bul, ''ko those wuithles of thw seveb- 
teeuth wnliiry, ;;reat ai-cliit<ctA The icliou that, hecauae to 
them architecturH mm)! without the usii:d ri-aining, thciefore the 
engineer is f"r the tutore to iiisp^uae with the tn»iuetl and 
learned archil<-ct for the construotiou of buildings whttue moUQ- 
meulnt elevation gives itd colour Ui our age. is » wrong ou oar 
whole craft of nrciiltecture, nguinftt which it is right to make au 
enruest protest. But ynu will »)tk, whiit is ibis protest wnitb, 
and what is the pniotimd lemwly with which yon wish to follow 
it u]i/ How will y'-u luend the state of things by inducing a 
nundwr, lunn* or fewer, of our civil engineers to join lliis Tustl- 
tuie I Be assured Ihal 1 propose mi >iiich trivial patliHtive. I 
wish the world, ea^cr enough lu-i it ii iu general f»r oubilivjsiou 
nf labour, to see th.tt in its creation nf the new profusnion of civil 
•ujriii*'«t* it has Wen t'dse to its uwa principles, by overwelghtiug 
ihu rcfpounibilities of n calling which, growing as it hu.^ done 
wilb the growth of mo.loru science, mny bo alniimt called a new 
disc>>v(>ry, with Ihtve uf the old tiiue-lii>ui>ured one of ai-chit«cU 
Tlifl misclilefof this uonnw ia only (uaking itself evident : — 

" t>i<n;»t cx«tii|il»r viltt* ImlljkbUe." 

The great engineers overwholmed us with the rough gmndear of 
their huga style; alilv but less emiuent successors may but stifle 
us under the weight of heav} uisproportiou and uuscholarly 
nakedness of dcUnil. 

The ijuesii'iu uf architect or eduiueer is not % mere fight of 
words. 'I'lieiv are angineers wlm will build commendable 
structure;*, ami architects whoue works may l>e contemptible. 
But meu's merits do not alfect the value of principle'^. ^ ...i, (..(.. 
lure is the calling which, next li> that of p<>trt, dives -l k 

iiito Ihe young wuilJ's i;ulf of ages. As it moves ou .. , ...- -ul 
as psut of itself that giild«n (■hidii if association whicli tics 
togelhur the uucieiit and the new, the foreign and the liomc-boni, 
the beautiful and the u^ul. So nu architect's education should 
be Utsed ou the broad foundation of htst^iry, aciencf, and 
iniaginatiiio. The liheml languages and the literature of other 
louda and limes should bd siorehounes out of which he may 
bnng the Ireosuros with wjiich he makes bis handiwork lovable 
and true. Engincctiug reuudiulca the post, or awet it to point a 
svtrexaltiiig cuutrnst. 1 uo not say that eugineera Ihemstflve* 
do SO; but this roputliatidu U the UM-eanary price at which tbo 
condtruclive pnrt of the eii.jiiteer*s business can any longer bo 
formally tlivided fri>m nicln:' cture. 

It ia not, then, niore i:ecessary lor ui to dare to speak the 
truth, 'ind to bvlievu that uui- enginn-nng friends will bear Iu 
henr that truth. We attack iio vesied interests, we depreciate nu 
living man's work, when we i^ay that the v,tsC iiiMuumenlal 
stroi'tiiivs of this gluriiius niheleeolh century ou^ht pre- 
euiiieuily lo be de^igu^l by men who ltav*>, na nrtihitecla, learned 
how past great ui'ohitects grappled witli bigness; men who Imvc 
tilndieU Egyptian Tliebet and the ColoMCiint, Ihr Pont du Card, 
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the Castle «iid Bridge of Av!{^cm, Oooway and Durhnm 

Mhiitcr I^t it be our officii to r-' " Tur mthitectute nil 

woi'kn iif piloil iimteriAl, either con tmbent or eltw i*uat 

I in nrrliilecturnl ft>i'iiiii, whether tln*v nt- m archwi nr tritU-nte 

D06liuclioD. Th^ eiii,'iiit%r lef^iltinnU^Iy dniiuB the level nnil Ihr 

SraJitrut. the e&rthwurkf th« roadwuy, the culvert, And the 
renkwater. 

Thvai* conviderntionB leid os to a topic which onght ou il» 
merii- tn W fsoe»3 wjihio lh« Institute, — the relation of tlie 
society with the Royal Acnihmy. It is one of the quutioDs 
which it 13 the fubion to cn|l di'lloate; but I see Dothiog delicate 
about it, if it be hitudled iu cnodour and good temper. T 
approach it iii the spirit of the utraost good-will towanis the 
AcodKiuy, ulthou^h believing that I l)est show my gmHl-wiit by 
cUring raywif a believer in the desirability of certain refonoa 
_ irithiii that distinguished body, which I desire to see always 
flilint; the eialted pn«ition to which it hn-i the uu-Hiiti of doing 
juaii-^, so long aa it eontiniies to realise that rank and wealth 
invi/We rospoDsihilily wiib corporal iotiii tio texs ihnu with meo. 
The du;ilism involved in a Koynl Institute of Architects such aa 
Z have foreshadowed, nloupside of a Iloyat Academy of Arte, 
iucluding architecture, is, I freely grant, at 6rst iight, puszliDg; 
but I llnttor myttetf that I we the way of recoQcititifi with 
ndvftotni>e to eaoh other, and to pare architecture as well as to 
the mixed arts def«ntlent nti il, tlie coutiouous oo-exiateuee aod 
the progressive ilfvelopmeut of the t wo great Bociettee. Coueidor 
th« bn>ad ditlereiices which reejwctirely mark off* the cmstita- 
tio Da of the two bodies. Both are, speaking generally, elective; 
bm the elt*ctiou at the Academy meaun the choice of one 
distinguished mau from ont of many; while with ns it in little more 
than the mifeguard ag^iiast improper nomiu-iiinn. Otherwise 
the Institute is in theory the collective bo<ly of all srchiteotB; 
the Academy a selected council of artists, among whoui archi- 
tects only form a certian, and T TCDture to add, too sni'dl a 
portion. But then, we may be told, let the number of architect 
ucndemicians and associates be atigmeuled, and then the Institute 
n)ight be suppressed. Kruphatically no. The Academy is a 
g;reut advantage to architecture — what that advantage is 1 sbnll 
Proceed 0^ p<Mi)t out; but the Institute la a necessity. I bsve 
Jttut been I'evindicating for aichiteclure much which it in the 
fnshion to c:dl en^inceriitg; but this revittdieation strciiglh>-i<i« 
the fact that, while ai-chitectare is an art, it is also what, fiti* 
want of a bettor term, I must call a husincas or craft.*^ It is 
this pcrpetunl c^mbiiintion of the utile and the dutcf^ the 
per{>ctual mH-ewity of ndnpting style, ornanitui, and pnipurii'tu 
to coUHtrnction, nud of so mnuipulntiug uouHtructiou that it slinll 
Dot sin against beauty of detail or Qioas. which makes nrchiteo- 
ture the peculiarly complicated and scientiBc thing which it is— 
na art, ajid srtmetliiiig mure thnu nn art. It is thi^ Vrhiidi 
makes it so faaoinatiiig to tlioso who are really erobr«ced by its 
ttptrit; while, on the other hand, it deters bo many nniateun, 
who find it very much easier to set up as connoisseurs of painting 
and sculpture Lhnn U^ riak being discoverecl aa iuctpable of 
apprehending the mechanical esigenciea of building. Ag»iii, the 
architect has also, as a member of the commonwealth — charged 
with care for the life, liealtb, and convenience of its varions 
members — to make himself at home with aumlry legal mattera 
nf whicii an academy of arta couhl have no cognizance, but 
which are tho h'gitimate function of an orcliitcctural corpora- 
tion. 

Of this mize<l craft and art, thnn, the Institute can be the 
eiHiHent i-eguhtor. aa the Rnyal Academy, a purely artistic body, 
cannot be. On the other baud, something like the Academy ia 
just what is wanted for painting and aculptare; and being so for 
these two irts, it was seemly that it shotild also include 
Architecture, nthe^'wise the exclusion wonld hare seemed like a 
denial nf its claim to be a liberal art Nay more, at the time 
when the Academy was founded, and ai*chitecturftl art in this 
coontrr was passing through a time of great depression, 1 have 
CO doubt that the step was emioeutly salutary. I proceed 
further, and say that even now, when architecture occupies in 
every way a very different position from what it did in the early 
times nf George III., we are more tikoly to be the better than 
the worse fiu- the Ephorship of the Academy. Still, it is well 
that we should know what the Ac;idemy c^n do and what it 
cannoL It cannot h.tDdle the many professional matters which 
eooataatlj come before us. It can give Icctarca on tho theory 

* J vycM(o«i KpfillM te Um |Hmoo wtt» pnltmet, asd aot t« ttw it^af prote««4. sod 

•UJ not, Uiemfore, trvt mj tare. 



of architectare; it can tooch a aofaool of trtudeota na the art aide 
of architecture; it can give prizen. Wn otn also do all this, and 
we do n gn*rvt deal of It. We shall do mure wlieD our SchiKfl of 
TechnicJil Teiiching, nn tiehnlf uf whirl) a miinl committee waa 
organi-^^fi, ypts fnii-Iy to work, a* I trust it may do thi* eoasion. 
>Iore'>vor, the Academy cnt), and docs specinlly ilo, two things, 
oeillier of which we are ao capable of ctnying out, 'ii.e 6r:>( w( 
them is hot n pari of its opecially archili-ctural function*, but it 
is fif eftsentirtl iniporlaoco to the Architect. The Ao^'leiuy 
po5tiii«s»ea n life acliocil, In whleh even the atx-hitectumi atuilent 
can acquire that power of drawing the live Bgure, which I oiu 
convioctij ou^jht for many roieons, direct anil indirect, to form a 
portion of the curriculum of every one who desires to tuasler 
architHcture as an art, and not as » huxineM. 

The »evt ihiti;< which the Academy cau and does do. is to 
hold an Eshibition. No doubt, if we hnd as large an income 
relatively aj the Ac:ideiiiy, we ponM liohl our F.xnibitrou; and 
no dnnbt. if the gallery in which «■« held it were ooe of the 
public bnildingK of Ij')ndun, we could make it a much better 
ux|>onent of archilcctore than tho Itoyol Acadeuiiciaue have ever 
made theim. It would be afleclatloa not to say, what we all feel^ 
that the architectural portion of the great annual display failit in 
doing justice to orchitectoi-e. The best evi.lence of ■'■ '' ' 
comings of the Aca<lemy is in be found in the ii- 
Arehitectura! R.\hibition, which liaa been carried on i . ^;_- . il 

{'ears with so much seal, and has for n eouaiderable time U-tfii 
teld on the ground-floor of the building which lodges i\t. .StiU 
we nmsl alt cmft-As that this indepi'ndent Kxhibilion does not in 
itself completely fulfil the requirements involved in an anima) 
London di^play'of architectural progress. The reason is not far 
to seek, and it is no fault of the promoteri of that eihibition. 
Imperfect aa onr repreeeutatj.in in Trdfid::;ar- square may i , r. 
still stofM the way; it has prcatigc and autiquity, aud so, ^'' 'n 
dofccltve in itaelf, it keeps the younger enterprise from t!i i 
the void. Accoi-dingly we say, let the Hoyal AcmleniV, " 
seeking a new habitation, War in mind that it cau win v«\u 
honour and popularity by njMkirip ila Architectural Exhibiiiou 
yjicb year a vigoniiw reality, alike fnr the general vtBii ■ ' r 

the student. I am sure, if it embnrked on thnt coar*e, it i 

no heartier co-operators anywhcie than wiiluti the w;,!.^ .-, .,,,« 
Institute. 

In the evidence which 1 gave before the Commission which 
ail in 1863, to inquire into the cctnditioa of tho l^cyal Academy, 
1 iirp'd ila aggr^ntiog to itself associates out of the rauks of 
w.irking artists. If it should take luiy such step, we, 1 am *hj> . 
iu no spirit of rivalry, would niso consider how we might 
enlarge nnr ranks, so as to admit the members of such pro- 
feoRiouA into some regatated membership. 

I have addooed instances of thH |ienidi»r work which we titi_l'', 
wi,,oIy le.ive to the Academy. I.ict mo now refer to two flcl : 
Irtbnur of our own, in which we especially can do much good, 
but which would bo quite beside the scope of the Academy. 
Air and light have an importance at once legal, sai./ ! 

architectural. That the Institute should have hnd a 
sitting ou this question is a matter of unmixed cougr->^uia i i; 
Only let nie offer one caution — bo not content with mii.'- 
m.xking a report, occe for all, on a matter which «iu«t bo tuu- 
tJnnonsly watched through its many rainilications. 

Tlie conservation of ancient mnunmcuts, ou which, also, w« 
have a committee appointPil, is liappily a respousibility which is 
now universally recognised. But it is one thing tu reciiyiiiae 
and another to perform. A former generation destroyed without 
shame and without consciousueiia. Our present generation is 
too often in the habit of changing and spoiling and bedizening, 
and then of asserting with a complacent smile that il has only 
been restoring. Some of ns have had our attention lately ealle<l 
to the (laiolul fact that, with the very beat intenlious, the 
authorities of Linwdn Minster have lately been flaying alive 
thesurfaceof that noble stniciore. Professor Willis, at the late 
Archneologicid Congress at Oorchesler, loid down, in discoursing 
of Sherljorne Minster, the true and exact law of tj-eaimentto 
which churches unght to be anbjocteil — conservative alike of Uw 
fabric, and yet regardful of the solemnity and the ^jii}[cucie» of 
thoir (tliU living use. The paper put out by our wtmniitt^S^' 
up the same position. Neither this pai>er nor iho Profc: 
handled the restotation of secular boildiugs; and so I hope w3 
shall not pause midway, but instruct the committee to give tlie 
possessor of every oastle, every hall and roaoor-honse, and every 
gmuge, praclicarawl straightforward advice how Co live and let 
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tir«» witbodt daniiige eitbiY to his own lioaltk and oontforl nr to 
his Krcltsuolo^jcAl uUegiauce. No doubt Lttix it k luiicti iiiura 
dQltoat-e prtibU'ui tlino that of chnrofa couservuLifiu, wliure the 
Cibrio id either reitloml within its original uiichnnguH wjiIIk, fir 
else merely entargwl hyatal« iir transept, in accordance with tlie 
original motij; while bouse coDservntioD ii cuuifilicatod b/ uver- 
vanring neceKstlieis of Ikniily ami social iitation, of ventilatioo, 
drAiua^e, aod unoke, for which no Uw can be laiii down which 
cto ajratecDAiiM th« Amount of necessar/ alt«nRiou; and tlitrulViiti 
il lA all the mAre neoesatiry that «oiu« code of gi-nerd j)i-iucipled 
fihould, if poautble, be provided. Tba ueecdsiiy lias beconie 
mora Apparent, since, in nu cver-incrpaaiug ratio, farm-hoQe«d 
vitaated in couolies proximnte to the capital or to chief towns, 
aiti snapped up if ut»r railnwis and turned into villas. Th<«e 
housci are frequenil/ interpjiting speciniMu of Mnlinval or 
Mventeentb century archiuKture, sometimes perfect and some- 
times din^iueil, which the judioiouH restorer would preserve and 
euUi-};e, while In lite bauds of the iRUorant builder they would 
bo doomed to hopeless destrueliuu. 

This sketch of tbo relations of the loslitute to external 
powers wonld not be complete if I did not oomtuent upon that 
miointry of Public Works which has gradually grown up out of 
the old office of Woods and Foresis. It has from time to time 
been argued tliat, in order to avoid the vacillntious and iuoun- 
aisleneies seemingly iuliereut in a 6ucluatiug change of chiefs, 
there ought to be a pemaneut heiid of the I>epartnieutof Works. 
I am decidedly opposed to any such arrangement. Not only is a 
permunont head to a great defmrtment autngouittic to our 
political instincts and traditions, but I believe that iu this oaae 
the iBD0vaU<*n would defeat its own object. The man who is 
originally appointeil munt have some art'notions or other of his 
own, or elae he is palpably untit to get the place at all. Thvae 
ootioua may be good or they nmy bo bad. Anyhow, if he is 
trremoa'able, they will be ineradicable, to the diacomtiture of alt 
oppoeing schools of thoagbt. At best we should perpetuate 
aameness and lameness, at wonitt ever-recurrint; cllquo aud 
maxKSUvriug. Be«idcs, those who ai^ue for the [>erruaneut chief* 
forget that In all public offices there is an element— often an 
overpowering one— of pi'nnanencc in the irreinovnWe seooud 
mat). My own remedy would he bas»d on the opposite principle, 
of exalting the attributes of the Minister of Works, treating 
his poet ss a uecesaary component, not meraly of the 
administration, hue of the cabinet, increasing his rcsponai- 
hiliUes, multiplying his inducementa to do well, and withal 
liedging hiui round with such oouBtitulionnl safcgtinrdB as a 
perpetual overaJuht by the Institute aud the Acatleiny, not to 
mention th« atiU more severe and formal one of Parliament 
ilaaif. 

The Commi^iont^r of Works is aometimes in the cnbiuei anfl 
aometdmes nut; and whothor iu or out of the cabinet he is iu 
ry only a subordinate of tbe'Treasury. This is. plainly 
iroog, for it pulls down the importance of the oftico, and 
eonaequently cbeckrt young men who are going iniu public lile 
from really studyiug .-iri questions as a diannel of jiolitical 
advuDcomcnt, uoi much iuferiur, iu its opeuings, to heavy 
stntistica nr colouiid erievnneea. Then modern educational 
developiutfiitfl tinve accumulated a large amount of n)ntual 
reitfHiUHil'ilttiHH, mare or Ittsa refemblo to architectural art aud 
ita cognate pursuits, buLwuun the State and the (wuple, which, if 
impoBed upon the Miiiiftier of Works, would till the bandi of the 
ofttoe undid' hirn»vH', nnd justify' the suggested increnae of his 
dignity. Hut by some frejtk, the wise men who busieil them- 
selves a few yeai'S sifio iu ro-annnj'iug the public service, paased 
over the First Commissioner, and instead created an anomalous 
semt-niini»ter, un<ler the ambiguous name of Vice-i'residont of 
the Comiiiittoe of Council, to divide his time betw<->t>ii high art at 
South Keiiaington and parochial school squabbles in gviienUover 
the remaiuiug kingdom. I give nothing but |>niif«e to tli« noble 
collection at South Kensington, while, at the same time, I say 
that its wantf have no relation to the department of state under 
which it is placed; and I claim that this museum, with the 
appoudont ari«!hooU, would more oongmnusly be made a function 
of the Minister of Works than of the Vice-Presi'lent of Educa- 
tion. Let the departnietil^t )io thus re-distribiitc<l. ntid the need 
for the latt*!r never very well iiuderstood nor pu|.nlar office falU 
to the ground, ^or the purpose of moviug the really educa- 
tioiud voles iu Uie House of Commona, the Lord l*residt:nt 
UiiueK^ rid of ht« art respousibilitieB, would want, ftud ought to 
h«v^ a parliameutary oiMlereecrelary, but tbal o'Scuil u<»d nol 
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b» of woitjhlicr Oilibre tbnn the S?crotnry of tl»« Poof-Iaw 
Board. If the Miuinlcr of Works weru expanded, a« t pi 
he fthiiuM he, iiiin an undoubted aud constant member 
cabilift, lie aIikuM idiw) have assigned to him a {utrliruni'in.tj^ 
under-ju.'0i^tnry, to tnov<> eHtimateH and ntnke explanntiotis; nnd 
then the Oupiirtment of Works mi^hl be filled by a )>cer. if ilie 
6ttiii^ man turned up in the House of Lords. We ahould know 
iiow weittood towards such a miitister, as we do not with respect 
l4> lite Hctu.il Fiisl (;ommiMioher. It wimld then Im our duty, in 
conjunution wiili the Itoyiil Academy, t> sku that, in the ro- 
modelliug of the olHce, a dotiuite stiknding should be given to 
those great societleM, as the {terpetunl attorneys-general atid 
referees of architccturu at the bar of the admiui<*tr:iiiou. Thus 
the liability of the oUice-hoIdei-to be changed would dieck cliiiue, 
aod the Itxity of his aiamling council would obviate fidflencsa 
aud iuex|ferienc6. 

Let me now say a few words apnn a detail of considerable 
importance to architecture, — the luternnuon.-tl Exliibiii<'>ti which 
it is pro)K)Md shall be held iu Paris in 1867. Many hero present 
to-night, DO douhtr recollect the tronble that was liikrn in this 
Institute, and L-laewhere, to secure an adequate t-ecngoilion of 
architecture, as the great material symbol ttf rivtliiintiiin, at the 
London Kxhibition of lUGi. The ivsnlt wa« not all that c<'>uld 
have been wished for; nevertheless, much was achieved on the 
British side, — the only side with which we liat.1 to do. Xot only 
a highly interesting and nvcrllowiug gullery of aivhilectuml 
dei*igii« was furuiihed, but at various poiiitii of the grouml-tloor, 
nolaoly iu three s|>etiial oouris, and all up Ibe imve, such large 
fragments of buildings in progress as were tioieworthy by reifton 
of form or detail, ami even smaller buildings, like drinking 
fountains, in their inu-grity, wore exhthitHd. t^ompeiidiouHly 
architecture, as architecture, made ilwlf ft'lt on the Hriiidh stde 
of the Eihibitioii, as it wonld not havi- dnue if the profuasurs ;tnd 
the loveis of .areliiteclure had not in time beitirred tliemsi-Ii'.'-, 
I turnvd acoonliiigly with anxiety toilie pro*tp^cla4nf th*- Fi.!i.|i 
Exhibition, which has just been i'ept'lnte<l and ciivw! :. 

duuth KeUHingt<iu, to «ee if it indicate.1 pK«j;rfa» or ri' 
since 1H62, in respect of the due reco^'iiiUou of lu'cliitcctim- .13 nu 
elemental idea in the geueral Brmt)f|ft<meiit. It is my duty to 
report thai I am filled with gravt; apiirclienwions ifr' ;'' ■' ■t 
prognimme la to be acted upon, wo »Uni[ lind llmt i 

even less complete thati it wan in 188:2. t>i' course, ;.. e 

miiat be made iu reading this document for tltat love of plaving 
at scientISc arrangement which, umong foreiizners, somelimea 
tends towards 8''>mething not very unlike pcdiintic fussiuei'S. Iu 
one re<t(>ect, I oiu glad to sav llinl the Kxhibition of Ibti? ts a 
marked imprivi'meut upon tin |)t-cdecea90i-s; it will be trntv 
uuivei-sal, by breaking down the geographical divisions wliicb 
oouverted its predecetwuiiinto what a man given to plaving upon 
words might have called a map of the world upon Mcrcntor'« 
projection, aud by ranfiug class against elsss in direct o-aiuii- 
pcilitau oompetition. Here, however, I must pause iu my pr^Uo, 
lo«)king at the programme with au architectitinl eye. The pti)- 
s|»ectue ranges the exhibition in ten groups, ituhdiTidei) iniu 
uintity-&ve claaaes. What au arcliitect might have n V 'I 
tugeiner under the great group oC erchitcciure it» diH 
down the list aa follows:-— Group 1 is entitled " Woik.- . i .....' 
and divided into five classes, *of which No. 4 is hi-ailcil, " Archi- 
lix'turtd Detiigiis and MtHJels," to Iw plnci-d iu the fir:^t i-<l><-rv ,.f 
tbc building, and is thus epitomised: — ".Sketches nii i 
*' Elevations and Plans of Buildings;'' " Rest oral i our 1 
existing Views or Pocumenls." 1 should have nieulionoii, that 
iu a previous class, termed "Other Paintings and DiawingB,'' 
occur, " Cartoons for Staiued Glftw and Frescoes,"' while ihei>? is 
another class of '* Sculpture and Dle-einking," M-hic'i luay c'vnr 
architectural sculpture, which hns ntherwitte nn di^tiut't | t"- 
Class 0, in Group 2, introduces us to ph'ilographe <>f huilaii.^i 
The third gn>up is headed "Furniture ainl odifr objects for the 
use of Dwellings," and iocluilei) thirteen clasiies, which in their 
turn include a mass of miscellnueouff iiriicleH, which it is dilB- 
cult lo image could not he better subdividcil. The " I'phoUtt'ry 
and dcoonitive work "claasHtarta with " \itii furuiture r.' ' ■■ -^ i 
chairs." and closes with '* Furniture, ornaments and i 
for the service of the diurch." Tlie next chuu is t.. =.^..,..<->l 
" Cryiiul, Fancy Glass, and Staiued (tlnaH,*' und idso runs from 
the secular to the sacred, from "dririkin^t glasses" t" " -ti.'.;i- .1 

{[hue windows," — the cartoons for '<uch wiiiJowu Ix 
lave seen ( ever so roauy cIasms l*«ck. Afti'i' oxhnu^ 1 „ r 
materials the uUesiller M«m» (o liave thotigbl tlint the time I'or 
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miriiil hnJ ftitlvrO, AD't wlOi altoe ^j'stiiamtrgiir'a tii^llDcl !)• 

tiraitiB ffstni ilie ' '* - "■ -'i - '■■-■'r t<f "Catlrry— kriiven, peo- 

ktiivefl, feuiBSOT^, ' t.f every tlrecrii'tu-D,'' Mui 

gr-ra on to roc.., . .-..(.init) clrt*aps "obiircli picite, 

p\»ta for tlitf Hinitig-t.^1tlt>, utul fltatiifs nmi biiS'iclicfA tu bronze, 
eiHi-irou, z)n(-\ l^>^" I nm ^m-o yi.n wjii mlmirv tlio pluloscpltio 
ri^ir oi tile ct i wliidi mn^oa m&>ni aud bhuiM 

•tntn-ir/ aUU I-,. cilU iIikiu l^itli furuitiiiu Ttie nnti- 

olirimx of lite furnititrt' ^ruup b » cIam of leiitlier work and 
wli-!;i*i'. ^ loiijf MMffcji briii^i* ii« to iltp eightieth clasa, of" Civil 
'f ■. pnlille vorkf*. ftinl arL-liitrtlura" (arcbiiocliire you 

ti ibiiig kdur civil uu^iiiecring) in tlio tnr^c ui-ijopuf 

" iL|>|uiJiUi4 nriil |>Ti'ui>M<M>H iit the OQinTiii>ti tirU," in wliicTi a niU- 
cultntiuouft cai»liii/ue tails iiir wjUi " moilelH, pUns itrawings of 
I '' '. vi.Kliicta, n4]tif<hiclA, (Irainii, cnDiil bridf^, 

.\ I piililio buililinpi ftir special purpoaca"— 

I' ■iii'i ■!'.■ -1 , ' '' ' I'Jiiiy willioiitn special parpija*'; — 

f'Tvivil { iii;iii>iiouii mill houses for lellilig; 

1 »ts for tl^i- "..;,Mi,^ cln^WB, &c." I a«k you. H8 aieu 

I ' u nen&o, if lliin elHlx-rnlu {•atnh^^'iie, cc'iuiug where it 

C' 1 ^outrastet] wiUi the vn^iie geDomlttiea of the .lio-aniucd 

Hi^-'Uilt'ctiim) clnxt in Group I, docs tiot indicate the aulwrdiua- 
litri i.f pure ftrohifeu-lnre to so-called eojfiuei'riog ! Another 
iiimp brin^ ux It iho Ifut rUm bnt two, No. 1)3, which it RftTiis 
K to Ik) piftcoit Id the pitrlr, and is terme-l " Kxaai[ilc3 uf dwoU- 
ing-* chitraotfiivcd by ehcnpncAii, conihiued with iho conditions 
iirc-isnry fi>r ln.:diii nn>i coiiifi-rt,'' And i« divided itito two licads; 
Tuples ft<r ilwnlliitj;)! f'<r f»ini]ie«t, saitable to the [Jiircri-nl 
■ of woiVtiii'n ill tiiith cuimlry," and " Eiauiplca uf dwell- 
iiijii siiRRfsted f..r frtctory li.iitdit ia ciiip* or in the country." 

^Ve ohnll be but quests ;U Pnriii, iiitd sn neither courtesy nor 
pir«>tibitity allow iim, I 8upf>o.t(*, In iiinlce niiV funii:d o(^|ioHUinu 
I'f a )*4'bi?nio already so e].il>r>r.iltly prt'iinrrl and utGoiully |nib- 
bilioJ. Wecnti ouly bc^r ii and fiiike the l<est of it. As your 
|>r<HidenL I brtve lltu h'ltioui' of bvin^ otie of the Bi'i1tf>h CL>ni- 
iiiw^ioDiirii, nud I Tie«d hnhily tell yt'H that my innnt strentKiua 
cxi-riintis ahall bp devoted to fiii'lhertug the grxKl ctitme of 
arcldttfcliire. 1 should ndvioe the f-L-rmjitiou here ut t\M early a 
iht'.v as conveitii-m of an exbibiii>>u cmtiuiite*. rids cooimiiteo 
nu^ht t<i i<itj:;iiint«i nitldiv the litxtilMte; but, I lliink y(>ti Mill 
Hiiive with me, t!ut it iiiij^ht wt^ll cDntHin ati ailditinu of cd- 
oiffrittTi frttui the tuwialc iiocietif!). Ifsuvh weio foriut^d it 
tvonld I'O iiir ctUBtJintduty and plensnro to lie therepreaentative 
t f in wtutif 4 ut ihu c mniiiwioti. Id any case, let every britisli 
flrddM>cTt, let every [ln'iish anrldtH.^tunil Kfulpltir, iiiet.ib worker, 
W'X'd carver, glass jjaiii'cp, atjd eernitMst, ^inl himself up fi-r u 
victory upon a fon-ijin "MnJ. 

I niuiit now utler a few reiuarks upon that which i< even mor** 
iuiportant than the details of archiiiM'turnl adndiiiiitnitiou; 
namely, the coC'lition amon^' nit of thnl art iu whotieMtulf alone 
ihia ndmiuit>trnli<'in poseesscA nny vatne, I am glnd to W able to 
ak in a ho]>eful tnne, and 1 nni gla^l ihnt the intcruveuieut 
tvhirh protDpU that t<'ne in one upon which 1 can insist without 
trvncliing i>ri tbrtl iiiiptirtialily which the pdmilion in wliicli yi<u 
have placed mo denmiid?. To whiohever side the victory in <ho 
battle nf hiy [en niuy vf r;|^'e, thin luuuh is certain, — that the tiutli 
nf art'hileL'ture lia^ been nuide more preeirmM in onr eye.i, nmi her 
fertility of i-eeoum-s hai bcou euhanctHl iu o:-n«ei|uence of the 
eohdipt. All side* tiie uow .igree<l that material onght lo be real, 
aed «l] siOeti are aiixioiKi tn vidnrue the list of reul maieiiula. 
Variety of colour aiol variety t>f initiei-ial iti tlie same buildin;; 
has by this time bec<>ine a <^ue»tion merely of tlegrce. The r>ky- 
lloe is apprcciatctl and .Hndieil; the ailnloj^ue of phtuts aVAilable 
for the wnrkii]^ artiet'a chi<tvl ii uo longer limited to (he 
^iMiithns aid tho bonevMncklei HiiMlly,— the painler iiud the 

tilotur ate, ns in urt-al o\<\ days, Ix^th of ihein welcome as 

rinren of the aicnitci^i, and oo-optratora in the bi-oml iih-n of 
^Ihe onniplrtfd ct.>u8trnciion,— nut merely as the parasites who 
are to fn^b-n on the finished pil<-. 

N*n donbt, with tho siiifjle exwpiion of the reoojzntiinn of the 
*ky Urn; th)> accept'ineu of iheye lucideuta .iu«» not amount in 
tli<! di-nicnali'ttion of improvement iu that which is of tlie chief 
ini|'*'iiituc'- ia aroliitectnrsl art, — composition. It is possible to 
eoiKcive the world's iiublest ileoign carricii out in ceiueni, while 
the vjle»t ni^hlmare mij^ht be endiodied in u f'l^'^du nf marblo 
■ii'd «i.-r[>etitjrie, brtntling with nculpinre and bediinlMrd with go'ii 
Y%U indirectly, the uonnciouauesa of variety in his 
i mix, and in hia permitted de(ait(>, and the tesponsibility 
u ^.1 laid upon him to make his use of all, must strengthen the 



hMrt and heighten the lOlellecl of the «>ni|>oc#r; for opporlont- 
tira make mt-n, aa often, at leatit, »s men make oppi-<rtiiniti 
Ab far, also, as trnthfnliicBS of matciial cf'meii into nueetinn, 
tender (ynsciencd iu avoiding ebanis will rIko breed a maul; 
trnthfnIneM in the compoeition of tho mnjn>; for it is nnlnialo 
nature that the mitn who s<*es no vice in palming olf plnHter for 
atone am) marble, and ^rniohi^; for oak, alKiuhl be very i^rupq- 
lous about the [tropiiriions of the mass, or the purity of hi^^ drtrdf?, 
ehnuhl he see a ihovt and easy way open lo vulgnr y 

tlirougli the lavish employmeui of fjandy stui mereiric' 

If what t have 4aitl Iw true, ve way Dk|H!i.-t lo sea the fuilesi 
proofs of the improvement Iu Lundou and other large lovna. 
Of the oondiiion of London artihileeture., I am willing to think 
u.Dfc f&vourably ond aniiumi u* ftjieaJt more hopefully, than it ia 
tite fiishtuu to do iu some nitnrters. Undue depreciation ia as 
litlte clever ororigiual ua uudue laudation, while it i^. if p^^saible, 
even easier. Ko mau in more coascioDs than 1 am of Ihe Itiliuiti* 
ainonut of lost opporttndliea which have to be made up iu 
London, or of theiii«llfi.:lUJil auiinter in wldch theae op;; -i"-"^-^ 
have too often Wen taken in hand. Hut uf lute \ i 

events. London has beeu shaping itaelt into thai form -. ■■.■■ 
(t{ which alone, from many re.>Hon», fiTemosi of ihem otir ruil 
liberty, she is at present capable — the V>eH(Hy, I mtian, of piel 
reaqud variety. We know how, under different polii; 
circoius lances, foreign cttied are forfeiting their old picturesam 
Qe«a in order lo don tho aspect of odiciul rej^ularlty, Umdi 
on the other hand, is growing out of ao irr«-guhirily rd' plan 
which, spi'aking (>eiiernlly, there wns no urchilecturnl character^ 
into one in winch irreguLoity has become picliu'e»<]ne. Of 
oourae, avast Dumber of the new Loudon buildings will not Jtnnd 
ctiticistu. ]*ut iu which uf the Urge old picturesque citira do n-v 
Sn<l the tufty riiy of Um liousi's really good archiledurnl compoai- 
tiou I It \i iha eui<«mble, and not aloue Uie merit of each 
oompoQeut, ivhich gives the general elfe«t to cities such as Bruges 
or Amsierdron. 

The first f. fling of the strn-ugrr who et>mee uuexpec'< ■'•• "■■■ -t 
the BiimpiuotM {Mlacea which are, f«r exsiui'te, gnv i 

ihuL JiUKy nnd narrow thorouylifare, L<^mbiira stieet, i.- | . -^- y 
regret thai ibuy should bnve been dropped down iiiln a coiner, 
winch ^etna to preclude Uie apprecl:iiiiin of their merits Ou 
si>tH>nd tlntnglil:4 he may, however, pluck coniHdatiou from the 
retleciion.ihiiliL was in narrow tiiorougbfnres like Loinlxud-slrvet 
that the buihiiugi which give their fame In vitiea nuclt aa 
Verona or Genoa were planted; and thai llm pictuie]H{neneM 
which the (raviiller funU to admire in them ia in no Uttte dc^Tca 
cuhsnee<l, whe'Iicr trulyor in imtiglimtiou I do iiot uow f:(.nr..rii 
myself lo ai-k, by tlie narrowness anti irregoUrity of (he ai: 
tttreets of ihe4e citie*>. I'erbajw in ooniing linif, wlmn !■'■ 
ahall Jiouse by house have been rebuilt, as we ate uow rebuiimn, 
it, and when a little of the m'llowiu^ of tinte »hidl linve pa>Mff 
over iho&ti budditigs, the oni-iou4 traveller from the auttpodcv 
may visit London, nut to ait upon the broken an.'h of liouduu 
Ih'id^e, but to drink iu notiou-4 uf Old \Vt>rld picture^qocb&M 
from the houses of Luuibnrfi-ittn-el nnd Mineingdnne. 

In what 1 have been saying I have conlined myaelf Diainly to 
the development of domestic archjltcturu n(Hiu eai^'ling IJiirt of 
streetM. If, for example, I woio to speculate upon the raz/iaa 
:ind rcbuihlings which f<-llMw ou the impoituliou K>t i-ntlrosi) 
termini into the hearl of the towi\ I should tiigi«ge you in A 
niftze of coujecinreof which 1 feel that I h»vu uo lime to ^eek tho 
clue. The archileolaral future of ihe Tlmme« CJuay i« a pr-blfCi 
which ought t>i fill ti>i with ftuxiety : the material ad 
the ^reiit enleriiriae is beyond a perailveuture; theitj 
which mi»y be umtle of it remidna to l>e gaui^ed. U in n cutiuiii 
[^mitdsceuoe tlint when the Thames quny was Brat advocnted iu 
the House of (.lommous aome forty years nj^o by Sir Ftedetiek 
Trench — a name to l>d alwaya hud in honour for the count^eons 
and consumt z^'al with which its pt^ascssor conliuued to :idvoc-t«f 
ao iniproveiuent wliicti he wns not destined Ut see ci»nipleted — it 
should liuve l>*ien o|[jo»eil by Sir Rolwrl Peel, in the interest uf 
the streets ruuutog down U> the Thames, aud supp<-rteil by Ixtrit 
Falmerston. Were I to enter Ufwu the new phase thit'Ugh 
which religious art ii pAsaiDg in I^iudon, aa wall as elsewhere, I 
ehtiuM have elill more to sav, which, however, I think it ia 
letter uot to say. Were I further to talk of that feoliug of 
ifs|n-cl for the ancient oionumeuts of the luetropi-ilis which haa 
prompted so geueral a restoratiou of them, my nniicipatiou of 
Luiii.ou'd Rrchitcetnral worth would be atill further enhaoced. 
The epoch which witnesses aimullaueouBly the Jeoantloa of St. 
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ftnl'i, of Weatminster Ablwjr, nnd of the nnder-crofl of St. 
St«ph«ii's Chnpet, lite restomttoa of the Tower, and Guildlinll, 
'' the Temple, Anstinfriara, aud St Bartholomew's Churches, 
Dd the Savi>y Clinpt?!. ami tha RBarrecliou of Charing Croiw, 

oiiL' in whioh ihd Kpirit of revereumi for uld furma uf beaot^ 
mniit ))e nhrond. 

Next ywir the Archerolt^cal Insilittite holda Its congress in 
London. U is w«ll that we tihoiild be (ihle to meet it with a 
oonfiduDt spirit in a city which Iim not been ntttrna to ita iuheri- 
tuiM uf auoieot buildinpt. The pursuiu of this society are to n 
great extent parallel with our own, and 1 am sciro we shall 
cordially wulcomo n gnthenog of which n main object is the ccmx- 
pl«t« iiivestigatiuu of the moDumtuts of architectund uiitiiiuity 
in and arounil Ixmdoa, 

I hare hcru the more nnxions to iurito your attenlion to the 
arohitectTiml condition of London, bccanse next aessinn will in 
all probability deoitlB whether the capital is to be enriched with 
a great public building of nmlnnbted excellena*, or slUicted with 
one of co«t)y mediocrity. The n:ition i« guiog to rebuild ite Law 
Couria, and mose them in one pile. I do not now qaestion the 
site Belecte<l. This is, according to the nio^icm phrase, nn nc- 
ooinplifihed fHct; and it in eiinugh to utiy that the aren chosen is 
one Well mailed forn tnaf^ificeut ntid cotniuodiouii structure. I 
uy nothiuji^', tliough I lui^ht say nincb, abuut the method tf) be 
adopted in sekvtitiic the archilcci, I doDololnini to dictate the 
style, for I tru^it that, whatever style may be choseo, architcc- 
inral truth may not be sacriHcc*!. If the building i)i to be 
Chuiaica), < 'In^-^icid ni»Rt not be intt>rprct««l lf> mean a modem 
bnuiie, with floors below, and chimney potA nl>ovej ill concealed 
by barricades of pillars, fencing olf lijiht nud air frum Ihe 
nuhappy oceuTMinLR. If it is to ue OoUuc, Oulliic must not be 
baudltNl OS the style which enforces narrow coMemeuts and 
diamond paneit, turrets that lead tn nowhere, and (;urgDyle« that 
Bp<.'t)t no water. Cuder any conditiuus, wo clnini a buildiug 
which Hlinll tell the tale of its own destination, and indicnto the 
paisKince of the nation in whose behalf it has been raised. We 
claim— what Manchester, out of merely a a>uuty*a resources, has 
BO geueroualy provided — a palace in which the disposition of 
parts aud the ornamentation spring from the destined use; in 
which llie law oourts and the great hall shall stand out from the 
f^eml utructure; in which the corridors shall be lofty aud wide, 
the flt/iii-cAsea easy and digniiied, the sahsiiliary clmnibem mtiny 
and accessible; acousMea, Tight aud warmth, iind veuiibitton, nil 
well attended to; and after all these utilitarian rcqiiireuicuts 
hate been natiitticd, iu which proportion and miitcrial fthnll be cT 
the choicest: in which form and colour, sculpture and painting, 
shall CMUil'iue to beitutify the pile, and Icnve il a living chronicle 
of the jfirat tfrowth of that sublime Bpcctaclr, Ihe wurld's wouder 
iind envy — Knjjiifih law, fearlessly and solemnly ndniiuistered by 
Eugliah judges, without suite and without favour, unbinsKed by 
Crown, ur mob. or anoed liattntion. If the Imildiug shall full 
abort of tliis IdMl, great will be the scandal and tho misfortiLoe 
on who ni!»oe vet's back may lie tho blame of the miscnrringe. 

If it were only for the proximate erection of the I'atscs of 
Jnstioo, uext M'sson would ne an important one to us. But in 
this age of changeful activity it U not neeilful to Ifiok to any one 
incident m lh« text on which to prcseli more vigilauce, greater 
exertion. We are all proud of our Institute; we idl aukuowh-dge 
ila importjince; we are all conscious of what it lum done, 
and of wliat i''. intMl-.t ,Jo which it has not done. Let all 
of us, then, laying aside actf-flecking and inutnal jcslimsy, 
sloth, and fear, unite with one heart, ch<'crfuily aud 
magnanimonsly to juomote the l»est inlercslsof nrcidtectnre as a 
science and a* an art, and to build op Ihis Institute bk a 
giinntuiee to ourselves and to the world that architect« sh»ll 
re«po<H and the public acknowledge Ihe just clniois and genuine 
character of that science and that art 



ON SCOARMAKINU MACHINERY. 

By Pbubt F, Nuk^by. 

{OmeimUd from poge 311.) 

Srcn, then, is the ar...,.r,t.i- r^nlred in the extraction of the 

juice from the caoe^ r . iu biiof, a lG-hor*ej>ower ntcam 

engine, atid a SO-feet i i . . .iler. Maiinr'i.uir.Ti^, nf course, 

vary iu tlieie details of conbtrudlinn, but ral festorce 

remain ihe same, ibiw being found tbemo^t . .^nd practical 




arrangement, Tho roclhoti of working is as follows;— The oftnoB 
are intruduced between the rollers from the feeding table, and are 
crushed l>etween the top and the first bott/>m rollerv. Quided 
by Ihe trat^h turner they ims?! to the top nud the second lioltom 
ro11en>, between which the juice is expressed^ and tlic fulty- 
crusbcd cane or megass is delivered away by the delivery table. 
Care is taken that the expresi»cd spongy cane does not again 
come into contact with the juico to re-absorb it. Tt is of im- 
porlaucc that the rollers should revolve tilowly. The result of 
rcpoattnl experiments lias ehown that, with a epeed of 8 revolu- 
tions per minntc, only -Itl per cent, of juice has been obtained, 
but, by rmbicing thesf eed of the winie mill to 2^ revoIalioLs per 
miuutt;, TO iK*r cent, of juice wa» nbtainwl. The velocity of the 
rollers should be renderal aa uniform as possibln, not by dimi- 
nishing the amoant of the motive |Kiwer, but by a carefully 
regulated supply of canes iu the feeding. Tlie absolute amount 
of Work done, however, malerintly dtrpouds npou the quality of 
the cane. A fair working resalt from a l(^ho^flepl)wer mill and 
apparatus would be between fl and 6 tons of caue per day of 
twelve hours. Some years ago a method was pn ten ted by Mr. 
Mlcliiel for extracting the sugar from the cane without the use of 
Iht) mill. It was pro))oacd to cut the canes into thin shoes, aud 
treat them with lime water. The object of iIiIm was to render 
the niti'ogeDoud conatituvnts of the cane iuaoluble. On treating 
tho canes thns pref>arcil with water, a syrup is obtained of a 
purity much greater tlinn possessed by that obtained directly by 
mc'Iiiinical rovnna Probably the mechnnicnl difiicuUy expe- 
rienced in slicing tho cones has nrcvonled tho adoption of tnie 
method. Capinlu Margetson, It.^.,bas proposi'd to cut the osne 
in pieces, and dry it ns Itoetroot is ilried, sendiri;;; the wibataoee 
home for the extraction of th<» tiiigar. It might Lo worth while 
experimenting iu this diii.'cliuii. 

III.— /"uri/fce^ion and Concentration t^f the Sj/rup, 

Tbo juice, on being delivered from the mil), is full of impuri- 
ties, tlie renjnval of which msy i.o ilivjded into two pmcowos — 
dcfiication and clarl^cation. In defai-ating tho i^yrup liiiv h the 
agent moxt fretincntty employed; hut thete are wide iliirvrcnccs 
of opinion us to the best nicthinl of ita appticatiuu. The time 
should be thoroughly burned, and quickly slaked with hot water, 
euoujfh water beiug ndd^d Iu give the coutti-tlence of cream. 
This should then \» f\h*Tv*\ thnxtgh a One wlrtt xiove, in ortler to 
remove siltclous fiftrticlos and fntgnientu of unslakeil lime or 
nnbumed limestone- The followinu process ii a<lopted by soma 
mamifacturrre: — When the syrup in the einritiers lin.-* ritl.-\ine<j| 
Uie teuj]>eniture of 1311* Knhr^ .iucce*iive fKn-lious in i 

lime nre add'Kl until the acids in the syrup— ace' 
have been completi-ly and cx.icilv mfuiraliiird, wliicU ia aliownl 
by Htmns pajwr. The mixture o( ayrnp nud lime is thoTx»nghIyJ 
incorpornlol, an<l left to digest for about a minute. The ere 
of liuienddovl to eiTect neutrality should not contain more tbi 
about four ouncrK of notid limu per gallon. The prixluoi so 
obtained ie run otT, through a stopc ick in the cUriller, to the bag 
or charcoal lilterii to W noticeil prejwntty. In the more criinmunj 
process of defiication, sfler neuta'atix.ition by cn>am fif lime, i 
above described, the beat ia urged until a tcmpcmiurtt just bcl'jw] 
the boiling point of the syrup is reached. A thick «cum if then 
htrrneil u|iiiii the surface of the ^rup, and the clnriBcatlfn is 
jud^x-tl omipleto whifu this scum breaks, nud a whiio fmtlil 
Appeam in ita interstices. In all cases an excfsii of lime ia lo bfri 
guarded against, naaiuly on Account of Uie destructive action of 
caustic earths on sugar. Various other substances hare heea 
employed for tho defiication of cane juice, the priiu'i|i.il of whtchj 
arc — bulhxrks' bloul, nut gallii, Hulphale of 2iiir, .iltnu, sulpliol 
of alumina, sulphuric acid and lime, .'uid anbacetaie of lead. 

In one process of clarificntion the juice, as it is exprnnefl fran 
the cjine, is rnn inUi the cUriliers and a battery ol pans. Th«I 
elaritiers are copper pans ^tth ardied boitoms, Wiio which thel 
juice from the cane is c^uvcyed. From T - it is run intaf 

tho btittet-y. Tbc»e pons or teaches nn^ [ifter. Aa Ifael 

jnioQ l>ect>u)e4 concenlrnted, each pcin is i.ii^'i tip from the onol 
next iM-tiind it, uutil Ihu ttriking teach in f<ill -^f granulitvcLl 
sugdr. wliicli is (hen hidled into shallow no.-«U<n vcMeis and CfiQ-i 
veyed to the ciiiiug hoU!»e. An improvenufit upon the ohil 
system of hidliiii; is now much used. It cousints of a copper jian f 
or dipper, filling the inwdf of the striking iML-h. and liaviug atl 
the bottrjut a large valve, opening upwnnis and u-rVcd by aT 
lever. The dipper in attnohed to a crane which the J 

striking leach, aud a gutter to the coolers. Tli neul( 

n 
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cDnblcd tbo striking: teach to be emptirdnnH roSlled Id mncb I^1a 
tJmo than bj the Ih'Dh. The pans am set io brickwork, witlt a 
farnaiT under the iilnkiDg teach, nuii n flue thnm^'h n-hich the 
heat I'li^Bes uuder the range and uniler the- nlarmeri to tlie 
chtBiii«j. The megau from the cane mill is dried ntid used aa 
fuel for the battery, being much better saitcd for that pui'poee 
IhAii any other convenient fucL as far as heiit gocp, a quick fire 
Wing reqiiireii, By phuang the boilerof the iy»nenilll at the cnil 
of the twitlrry, so that tlic protlucLi of cnmbitittioii may pass from 
the latler to the former, a saving uf fuol ta efitwted. 

In another and improved method of elari6catiou the necessary 
heat is obtained by Kleam. This is a great impn^vemcut, and 
by \'i ailoption the procefta of mauura.?ture in facilitated, 
atul the colour and quality of the grain are improved. It is 
more economtca] in the working, and admits of more perfect 
reguUtioD of temperature. 

The steam evaporator cotisists of n rectangular wrought-iron 
vemel or tank, at the bottom of vrhich is placed a range of tx>ppcr 
pipes, connected by guu-uiclal benils brazed to the pipes and 
carried on wronght-irc>n supports. The tank ii fitted at the side 
vrith a ateam valve at one end of the fiteam range, and nl the 
other Ride ia a oul-iron box Btted with a wn>ught-iruu pipe for 
exit t>f condense water to condenne l>ox. This form uf cvfiporator 
presents a large amount of heating surfucc, with CiciUty for 
cleaning. Hy jia-ttfing the ends of the sleani range thruugh 
Btutling-iiuxL'<4 the pipea can l)e turned up, atid all parts of the 
cvafforator roadily cleaned. This is a point of great importance 
in the manufacture. 

Tlie olaritied juice or liquor after leariag the ciarifiers is 
passed through mechanical fitters. The kind c^tiniuonly nse<I are 
oag filters, which consist of a wrf«ughi-ir')ti case, provided with 
openings, and made with aa tnteroat l!ange at top to carry a 
oast-iroD boi, having holes at the bottom, into which are 

ewtxl gUD-metal bells, to which the cotton Qlter-bags are 
ttaehed. Kach Biter >a fitted witti a nii»\>isocA( at bottom tt> the 
copper main. A steam cock 1.4 attaclidl to tlio side of the 
wrought-iron ca*e, for cleansing the filter by the admission of 
steam. The bagn which are attached to the Iwlls are made of 
twilled cotton cmili, and are about 6 feet in drcumferenoe aud 
•16 feet lung, woven withuut a seam. Tliey are encIoMed in a 
fiilroDg open webbing about lb inches in cii cum fere nee, thus 
'giving a large surfact.' of tilteriDg medinm ia 11 small space. 

The charcoal tillers are large slightly conical vessels, genernlly 
of wrought-lrou, with a [>erforatrti fal^e bottom about ]| inch 
from the bottom, A bUnkel ia spread over llio fijiso bottom, to 
prevent the charcoid from being carried through with the liquor; 
some, however, always accomjanies the liquor at llrst, which 
mns into a separate receivei to be fdtored over again. In fillinc 
these vessels the Brst few inches of clinrcoal shuuld be pnwacd 
compactly down, after which it is packed lightly, but evenly, 
neurly to the lup, where space is left to receive the liquor. 
The object to be attitued in these tillers is to remove all the 
vegetultle colouriug matter fram the liquor, and any excess of 
'•me thai may have been atldcd during the clarificttlion, aa well 
as some of the mineral ealio, sach as aalphate of lime, originally 
eiisliog in the cnoe juice. 

JV.— 'Granulation, or Crf/tiallitation. 

The granulating ia performetl in ntcuo, sn that next iu order 
for eoni^irlevatton oomea tlie vacuum pan. which depemla ftir ita 
action upon the principle, that liquids boil at greatly redact 
temperatures when relievetl from the pressure of the atmosphere. 
The vacuum [lau, originally jtfitenlcd by Howaid in l(»l:i, has 
becu uf great value in tb*^ chemicul arlK, nut only iu the pre|iara.- 
tiou of sugar, but also of meiliciual cxlr.ictd aud other subtitances. 
It ha"), howiTcr, gone through a variety of improvementa since 
the date of its intr(xluctiou. The vacuum pau apparatus consists 
of a vacuum pau, which is mounted on a cast-iron framing, 
carried by eight cast-iron columns. The lop compartments of 
the framing are 6tted iu with deal boartliug or iiou plates, 
which form a staging round the vacuum p.xn. The pan is 6tted 
with thermometer, va:oum gaugr. aighl glu-^jies, pniof-stick for 
extracting siunples of sugar, alide for discharging Hugar from pan 
ami for steaming, &■■,, steaming cock, in connection with a steam 
pipe, tu admit the itteam to clean out the pan. There is also an 
arm pipe, and a retifiver tu cnli^h any sugar that may boil 
over. The rereivcr is Ittted with a delivery ctick, jmd air cock 
for destroying the vacuum when necessary. The condenser is 
ijltcd with a perforated pipe and a stopcock, with a lever a4id 



an todex plate io regulate the supply of water for ooDi]«nhtn^ the 
vapour from the vacunm pan. There is a measure •' ■ ■ 
ting the supply of sugar to the vacuum pan. The 1 
fitle<l with a atopoock and lulet pipe from the filujtu ni(..>« 
lank, a ylos? gauge to indicate the quantity of syrup iu the 
measure, oiitiet pipe, nith a stopcoek opening iuto the vueuuroj 
pan. and an air pipe having a 000k oc'ininnnicating with iUi 
vacuum pan, fur funning a \'animm In the niKaxar<-*. A valval 
is attiched for the aupply of steam from the ox[K*inMion vt:AAeI 
the worm of the vacuum pau: and n pifie for carrying ofl 
condeuacil water from the steam coil or worm of the vacuum 
pan to a condense b(jx, which oorumunicatev by a pl|>e with m 
brick lank^ fmm which the feed water ia supplied to the Ikiiler 
An air valve in mounted on an air main, for reflating the 
communication Iwtwecu the air pump aud the vncunm pan. 
There is a dividing box for distributing the flow of air from th« 
%-acnnm pan to the aJr pumps. There are two lO-inrh air pumf 
1 ft. 9 in. stroke, aud a lo-liorae power high-prcsstire 
engine, fitted on diitgi^iial frames, wiih 11 inch cylinder, Hft.' 
in. stroke, and 12 feet diameter fly-wheel, with C iocb 
elliptic rim; 4 inch plunger feed pump, with stopcock, dac 
1k>x, copper air vessel, and fccii-watcr supply pipe l^i boUe 
fitte<l wiljj safety vhIvl*, weighted for rei:ul.iting X" 
and stop valve In boiler. The Comiah iMJiier 
and G ffOt diameter, and is m-nie in two (uiru ■„■, 
exporiaiicui; it is put uiguther with wroughi-irou riii 
fitted with j;fluge coeks, mercurial pressure gsu^e, ei>! . 
whistle valve, aud uteam chess, mounted with ^ inch stuamvalv 
to pifwfi t'T supply of steam to the eui,'iiitf, and to the vaeuue 
pan tlirouch the ex|\-maion vessel. A sluice cock regulates the 
supply of ttteam to the mereariat regolating valve, by whieh the 
supply of steam Is regulated to the expansion vessel, which f 
filled with a whistle valve aud (tafety vnKv to prevent excess 
pressure in the worm of the v.icuum pan; the steam futs^s fron 
the expsusl'iu venxtel through a jnpe t<> the strsm valve whic' 
regulatea iia ailmifJtinn Io the Tftcuum ]Mia. 

A vacnnra pan 7 feet in diameter^ — that being thesize stiitablc 
for the rest of the machinery^-ctmiiiKts of the coppfr pan, fitted 
in a cast-iron Rteam case, wilh Bteani space left W t.i«f*'ii the twp; 
the (cm IK uurmouutcd by a copfwr dome. ITie cofipcr and iron 
pans aud the domes, are accurately fitted and boltei together 
through their flanges with a wronglit-iiwn ring and ln^lts, ns in 
the caK of the clarifier, so aa to be p*rfeflly air and steam tight 
throughout. A manhole, with a ground gun-metal cover i« 
attached 'm tlie tnp of the dume, from which proceeds the 
pipe, opening into the receiver; a steam valve is attached, v 1 •.< 
open!' into the copper steam worm. This worm gradually dimin- 
isnes iu diameter from the entrance point at the steam vaIvo to the 
exit at the bottom of the pan. A wrought-iron pipe is liitcd into 
the cast-iron i>an, to oarrr off the wait-r to the condenw box. 
A slide vitlve is provide«l at the bottom of the pan for di»- 
charginn the angar; the ilume of the pan is mountml with a 
vacuum gauge, ihcrmonietcr. aighi-glass, and proof ulick, for 
testing the ooucenti-alit.'n of the liquor willionl destroying the 
vacuum in the iwiu. This pmof-sUrk is simply a brah- 
which is driven trrim the up)>er iiart of the side of the v;l 
pan down an aivcrture nia«le of liie mliuo sixe as the i-od. V* 1 
it reaches the bottom the rod is twisted half round by the 
handle, and opens a communicatiuu wilh the end of the rod 
the syrup. In the end of tlie rod is a groove into which the 
sugar enters; the rod U h.tir turned again and di-avn oul, Uid 
the entrance ia clnse<l as before. 

Jn sitnniiona where there is not sufficient water to admit of 
coodensation by injection being u!«ed, aurfaee condenK:\tioii i» 
empluyeiJ to maintain a vacuum iu the pan. For tbiH purfKuw, 
Mcjurs. Pontiftix aud Wood use cv^ndensers, which conaist of one 
or more series of iron or copper pipes fixed to boxes at each end, 
with partitions to direct the current of the vapour. Above each 
series of pi|ies is tixed a trough, nl ways kept full of watvr, and to 
conatrueted that the wuter trickles in a gentle shower uniforndy 
spread over the pipes, so an to keep them well covered with a 
thin film of water. T)te lowest pipe is conneoted with a amall 
pump, worked by the engine, which draws the cnndens«d 
vapour, aud any aar that may Ii&ve collecte<l, fi-oui the pau. An 
improvemcut intrtylnced by Messrs, I'outifex consists in doing 
away with solder joints at the jnuction of the pi|-^a with Uio 
case, the aoldvr being luible t<> crack fi-i>m the iiue4|u»l exjuansioa 
of the pipea (owing to the lower pipes being ojoltr than the 
upper ones), and the substitniiun uf an elastic joint, which allows 
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for the irregolaritj of tlie expansions vilbout iDJuriog tli« 
TACuum: th«v are hIbu eui]jr replaced, not requiriLg auy me- 
cliauicRl skill, and take up less s|kiice for Rhipiufnt. Tlie 
superior ecoDomy of wn(«r iti tliose coudf us^rs id un-Iu^ to the 
flondeDfliag water being evAporatetJ, not] cKtryiufi awar oot 
jncrcly soniiblo bat Intent h&ii. Tlie ordinary nietliod ot C"ii- 
deniuitioD i^ iiinilarto tbat employed in tbe coudeuaera of ateani 
«Dgiuef<, vrlieu the ffleaiii is leii into a vessel where it is brought 
into eoiiLacL with a Htrvani of cold wstcr. In tliia case, as the 
oondeDsiDg nater most iir>i be allowed to bocoiuc vnponse:), nil 
the beat it absorbs uuat be in the form of aeu&ible lient, kdJ it 
is said pnictiaally tu rortuit« nbout thirty tiroes the quantity of 
coDdsQsiog water. But in theae surface condensers the vapour 
vbich passes off frou the sorfaco of tho pipes cot only canies 
off the seuaibte bent, but it also renders Intc-ut n great aiuounl of 
heat iu its oonvorsion iuto vapour, the qunuLily of water passing 
off from the sitrfitcc being eqiuO, or nearly so, to the quantity 
enndenscd inside the pipes. Tho water which falls into the 
trough uuder the condenser is used over again, the hea; of it not 
materially affecting the action of the condensera. 

The mercurial strain reKulating valve of Messrs. Pcnlifex and 
Wood oonsistA of & cylindrical nutting, having an internal cylin- 
der, naaakge«, and a .'i-inch ilange brum^h, cast in one piecA; El is 
fitted wiih cover and fjuteninga. The internal cyliudor is 4 inches 
ditnteler, and is bored out K>r the reception of the gun-metal 
cylinder, which ninst be accurately fitlctl in place, having pas- 
sages cast iu it corresponding with ihuse iu the casit-irun cylinder 
for the admission of high-prosaure steam. A cun-meUl cytio- 
drical >!ide is turned and fitted to the gun-nietaf cylinder, and a 
attached to a float by means of a crosshead. A wrougbt-iron 
mercury tube » fitted with a aist-irou box. The apparatus \a 
provided with ft 6ftng6 tor counecliou to the 4-iuch pipe, to 
CDudnol the reduced steam to the ex)>nnsinn vessel. The rtJuced 
pressure steam (I Wb.) retjuired in the vacnum pan, clarifiers, Ac, 
IS obtaice<l from tlie ordinary boiler steam (4(>-1b.) by its action 
on the mercury. According to the rise or fall of the mercury 
in the cylinder and tube, so does the float rise or fall, and thus 
ttpetis or abuts the passages, aceoixling to tho pressure of stesjii 
on the larger surface of mercui'y, wliich pressure is regulated by 
the height of the column of mercury in t)iv tube. Tlit- duty of 
the box is to receive any mercury that mav bo fui-ced out of ihc 
lube by the steam pressure in tbe cylinder, aud it is returned 
through the aperture iu the tube. 

It will be observed that copper enters very largely into the 
oorapoaicJou of sugar machinery. Such being the case, and 
»insidering the character of the metal, it may be useful to give 
the weights aud thiuhnesseB generally adopted in the various 
(tortious of the apparatus. TIese are as followa; — Thiclfnc** of 
dome of vacuum pan, |^-inch in rim aud ^-inch at centre; the 
sMoe thiekDosses apply to tho bottom of Ute j>an; eacli weighs 
about 8 owt. 2 qr. 14 lb. Tho metal iu the worai of tho vacuum 
|uui is ^-iuch thick, that in the arm pipe 3-1 G inch thick, aud 
that in the measure 3-32-iucfa thick. Tho dnriOers are ^-inch 
thick on the rim, and ^-iuch at centre, and each weighs aliout C 
owt. The li^'ht course uf the clarifiera is ^-iuch IhicK; the open 
darifleni and halttry of {mus or teachni( are ^-iuch thick at 
bottom, and ^-inch at top. The copper troughs .^]'e 1-Iflineb 
thick; oopper main to the bag filters, |-iuch; uopper pi(>cs in the 
evaporator, ^-ineh thick; copftcr pipes in motttejut, 3-16-uich; 
oopfwr main to charcoal 6Uer8, S-lO-inch thick; ihe ajr vessel 
to the pum|}s, 1-lC-inch; aud the float for the coudeuse-walor 
box. l-v{:!-inch thick. 

The folluu-ing is an estimate for a set of apparatus as uaaall^ 
supplied to work with a K^horse puwcr sugar mill, and is 
Huflicieut to take the full pr</Juce oi juice from that sized mill 
whcu working at its besL Tho prices are fur the goods packed 
and delivered at the works: — 

£tlimai€. 

On* Itt-b'incpowor cads mJll, piiiu[) for rAiBing liquor, •£ ■• d. 

tiuta flfur pinirias toenniiect mils, intermediate geann:r: 

oD« hixh-po^ssurv 1 6-bor!fcpow«r horizontal eogiiMaiiil 

fly w)tv«l; one Coniiah t>uiIor, 3V> feet long. 4 ^<t 

iamoter, and 3 feet flue, 6ltoil and moonled oorapleU'; 

be whole, including all uooaMaiy bolti, Ico., oomplets 

forfising 1150 

One cait-imn ntaging, luppnrted no oolnnuu, to receive 
lh« vseimto pso, with flooring plobsi. band rail aod 
stain, and with sir piuops, e^nes, As 1019 

Carried rorwanl ... £3303 



Ono 7 feet '•■-■'-■'- <'- '- ^•- 

c»»pf«er ^ 

branch > . 

valvtA, I'liiijirr iinuwiwrr. <xipj<rr 

piiw, rat' imn rrtm)cn"*T. •"■'•.'.h 

Cdl'l ' ■" . 



llrouiibt forword ... £3363 » 

- T I »' II- finished 

i. fteim 
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copper fft«Jun clariflers 6 {«ut duuiictcr, wlih 
. :i sU'sm jackets, ^tm-mctal stcun valves und 
two-way eocki, two oupper cbamidk^ and co|ifier piptts 
from (lifichufge cwks Sa.*! M 

Your wrou^'liV ir^m liay filuu^ i>( 00 Imgw each, with k"" 
iii«tol (IrAw-titT cwkB, BUam cooks, DJ[ipL'r cniLiu, Ac, 
antl one rtut nf lio^rx to aacli ... ... ... ... 3^ U it i 

One WTi(n;T}it-m)n evaporating or clear litiiiar bcatiug 
cM. r,, -,1, .-r^per !it«aiu coil», tt""'"^^) valve, dis- 
ci; 65 U Ul 

Ouc '■• . n morU£-jm4, with gua> metal cocks, oopper 

pijK*. ^ ... , 80 

Eiidit wn>it{,'hVtron ctuuonol fitters, etupoouks, ftc, ooppa ^ 

mains. fX'kfl. All 41lt 'i 

Ton wnru^lit-iruu Bti>ru water tanks, pipen, cooka, ko., 

ftl^.,.,, . ■:,. . .., J Ji v«**el», arid ^ '-■ - -.. i7(* 

Tnn ; lUb boiler*, mmni ■to . . ... 5M l> 

Two , , r oliipificTS "f "' i ,^'aJIons each, 
willi <)i#<')iA[^i cnckn, Jtc. aniJ four npcn ooppvr pans or 
tovbi's of -iOO, 3(f<J, 100, and <I00 gallooi oontsnts 
respectively ... ... 6it» U ft 



Total cost 



£6701 U, 



The above estimate may be taken in round figures at X7W)f>'| 
As will be aiwn, this How not include Messrs. Pontifcx's snrrace 
condeuiierN, which if employed add about £G<iO to tho above sum. 

Macliiucry and app»ratus snch as have been deflcribeil, and 
fitted with all tho mwiern improvements, are, it is true, costly in 
erection; liut they vcr>' 60<^iii i«iy fur Ihemwelves, in the superior , 
•jualityof the article produced, and the greater return for thn] 
same quantity of canes. By employing the strong mills and 
ptiwerful engines ns now nianufncturL-d, the cane.-* yield a much 
larger p-rociilage of juice than previously; anil ihc megass leaving ^ 
tlie mill being much drier, is in a l«tt<'r condition tobeusfd a=» fuel.i 
Kyapplying »te.iiii h'/al and boiliun in vucuo at l'»w teu)(>ei'utureM, J 
the colour U improved, and less of the suyTir is dmvertetj into] 
molasses; so that estntcs which were fnniierly worked at a Iosb' 
may, br the inlmduclion of improved niacbtoery and utensils, 
be made to yield a protituble return. 

\.,^Improremmf*. 
A long ncooant might he given of the nomerons interesting ■ 
and nnrion.s aitenipl^ at impruvement in all the vanous p'vccsses 
of Bugar manut'icluri?; but there Mre two ren.wn« why no detailed 
statcmnut M-Jll be hero made of the nlterations — otherwise call^j 
improvements — which have been propotwii from time to time. J 
The first is, that on outline description of them would occupy an] 
evening, and would be out of niaco in a paper; and the second is* J 
that w) practical puriw»e would be served thereby. It will there- j 
fore be sufticienl to refer to such improvements as have como] 
under tho author's notice, aud justify a reference by their pra<>-l 
tical characU'r. In the arrangement of the mill-gearing, Mr. N'.J 
P. Burgh, the anthor of a verj* practical work on sugar maohi-| 
n cry, makes a girder-like frame, or iu section n» the letter U I 
inverted, the engine used buiiiy horixonUd. The first motioaT 
shaft is ou a line with the cjank shaft, and the secijtid motionj 
shaft is supmirtcd by two ]ilunimer bl (>f which is 

secured to the engine bod-plate, and ' "» the matu j 

framing. He nruues that a Erwnter »■■ u.iu.v ir* obliiincd by 
surrounding the guariug with a fi-aming tluui by .iny other nieatis. 
The disoinoeciing jjear is ?i>niewhxi novel; instead of the [«(^imre 
coiiijling or the disc coupling, a socket is prel'errevi, the hhalls of 
bf'tii spur wheels and ton roll being fitted with four kcva, the 
sijcket being made to slide on these keys; ct'rrugfvtions nrv cast 4 
and turned on the surface of the sockela, and by a small s|>ur 
pinion working into these corruntiona, a rotjiry uiolinrt Iximg 
given to the pinion, the socket aliilcs forward or Iwckward as 
required. An improvement nn the adjustment of the eine ^ 
returner is attained by doable wedRCS at each en»l of the n-turnpr, , 
tho Hmallur end of each wedge being sci-eweii; admstmenl is pro- i 
ducod by tnrulug a nut on each wedge. With reftn-nce to 
vACunro pans it is to be observed that, in most eases, the stop 



3lS4 



THE CIVIL ENGINEER AND ARCHITEOT'S JOURNAL 



vatrt! of iho cnnilcnitar in Kcuml ott tbe oiitBide ia a wpnmte 
CAM*. Mr. Bur;jh, IniwevBr, itiAerttt tlie vbIvb iu ihe coiiurcinig 
pipir, at tbe bottom of the cuiidi'ii^r. Aluiiou is iinpurtt>(l to ibe 
vatre by i\ lever oiitiide Ibe coiidcuser, Lbe coiineotiug mJ bi'iug 
idxt'lc. By this urniDgemeut ><iiijpnc-ity and iJirwb AC-ti>>D are 
nttnirirtl; n,\so vebtti the vnlve ia cl(Mo<l Ibo wnl«r m the dli- 
il«i)iii;r .iM^inti* to n-hdnr It ti^bt. Wbt^n tbe valve ia of^teii tlie 
water C!iti (KWh (liiT'cL from the aiii«leij»er, wbile in Ibe orJiuiii v 
nio<k> tbi! txit niii»t l>e mndt at rigbt angles, tbus iiicrenBiiig tlie 
frictiou, au'i rtJucini^ tbi? Tacuuiii. For cre.^liD(( a vacoiiru, 
f^>l^bl^^-aotiflJ[f borizoiu;il putniw* arc iiref-^ntt'l i*» lb«? xiiiffle- 
Actiiig wrlicMl t)'!**", wbicb biive tii hr> vui'tve[y i)isurrari)^cil for 
itij. pouting the fool valves. An tbe flteani cylinder ia betvroen 
Ibe pomp aii<l tbe fly-wheel, and as each set of vnlves can \ie 
iiiit|>eot«<l by sepanite doani, tiimplicity nud eooutmiy rerfulL, anil 
a better \-acuum can be niaiulatticd. 

The uiieuf iileaiu in uu>;ar bou«.*:t, whether for celooiat or homo 
produce, baa now become gviienO, ami its economical use ia a 
matt«r of tbe finit iiuponaoce. i^teaiu at a given presstire 
'occupies a certain space, and croatea a giveti temperature; hence, 
ill a)l moderu aiij^r factoriea the u»to of ibe expaimii'ii valve lh 
e>)aAidered imperative. These viilvea lire of various kintlt; lever 
action ami spring and weight biibiacefi are tbe most general. 
fitnffing tjoifii creaie friclloti, and iu tbe came of thn exfianaion 
valve the neliini tif tbe steaui causes the reduction of pre8Hur«. 
Now, if tlif Rpiiidle uf ibe valva and the valve itself be acted on 
by tbe Btutliii),-i)<<ji Aud Ibe steam a great iueqnaltty of action 
will be tho je.tdt; vatvea ao arranged rciiaire the most critical 
a<ljuRtraent. In order to mitigate ibeso evil*, Mr. Hiirgh bun 
vffected au nrrangement whereby stu^ag boxen arc •1!s[H;iiti»'<[ 
with, and the acticm <if Ibe steam od tbe vulvesi in n-ndcred 
nearly ceulral. The Totm of valve anod ia of the double-beat 
type; a piston ia connected to the valve by rods, and on tho 
xteatn euiortug the aiaing it posses through and around the 
valve, and, betorv its eiit, operaleit on tbe ptsion, the bitter being 
rvgubited by a apiral spring at tbe back. Ueuce rods, valves, 
and piston are within thn casing, and the only friction imposed 
is hayond ibe *team, and is due to the metallic ritigs in tho 
put on. 

The next iinprovtment will be the " Bour evaporating pan,^ so 
namoi after tbu jtiveutor, Mr. Boor. Wbilo observing tho work- 
ing of tbe Wetzel paua, be found that larger grains of sugar vero 
produced at the discs at tbe ends than in tbe middle, where tbe 
breaking ut< loolions of the lube^ dlsturl-vd the foriuatioii of the 

Hpryatajs. He then concluded that to diapense with the tnbea 
id make a series of discs over the whole length of the pan would 

r^vu better grnias of sugar all over, and idsio have a greater 
nmoiuil uf heatin)^ surface. Thene pans ara now getting well 
into use iu sugar^growing conntries, aa a very good sugar can lie 
made in thuiu by tbe ordinary atlendanta on tbe estate. The 
potent has heoome the property of Meaars. V. Cook and Co., of 
Glasgow, who appear to be auoceasfully working it. Tbe Bour 
PAD consists of ten hollow discs of copper, moauted oo an axis of 
a form which ullnws the steam to comrouuicate freely with all 
the discs, and at the wmc time, collects tbe wnter t-usulling from 
the coudensattun, and carries it off at one end. Iu tbe inside of 
each diwc are twoit|HfODB, niuniug from the extreme diameter I'f 
the disc, .lutl teniiiiiatin^ in the axi? into which the water ia 
rielii'er^j'J. On the outaiJe of these ditcs are a number nf small 
buckets, whieb lifi tiie liLpjoroa the disc^ move round, and whteh, 
being ojien at tbe fii<leii, oilmits of sprendiug itself as a thin tilm 
over the surfitet.' n»t immersed, which is remarkably favourable 
for rapid evapomiiou. Where the Bour pan i« use>l tbe numWr 
of fiaua iu the battery may be rednoed, iu some cases only three 
pans being used, and the finishing completed in tbe Hour pan, 
witbunt any risk of carbonising tbe sugar, fi~om the ensc with 
which the steam can be i^gulatt^d to Uie heat wanted. The 
speed of (be revolver may be from 10 to 20 revolutions per 
minute. Where steam is plentifi]], etjualiy good sugar is produced 
byllie quick speed, and nearly double the work performed in the 
same time. Iu mi estate in Peuang one of these pans has cooked 
IS cwU of sugar per hour, from 2(f Beaumt^, as taken from the 
battery, the leinperuturo never exceeding 170" K«hr. The pan 
may be driven by a small engine, tho exhaust steam of which ia 
carried thrtutgb tbe pnu, or by any conveuicut amtngcment from 
any oihei' Kuurce of {tuwcr. The eihauat steam from nu engine 
is that gtiueratiy employed, but direct steam from the boiler 
through a smalt pi|>e may be ut>ed, with a regulating cock 
attached. A safely valve is tJxed ou the top of tlie column where 



the steam euters, which blows off at 2 lb. per square inch; this 
prevents bursting from over pressnru. 

We now paason to noli»* the valuable invention of ^fr. Alfred 
Fryer, of Manchester (of the finu of Fryer, Benson, and Kontt^-f), 
It Is cidlwl tbe coooretor, and its objeot is the more mpid eon- 
densatinn of the syrup. Tbe machine cousisU of three principal 
parts — a tray, a o'linder, and a drum. Tba it ' .* 

close an possible Ui the sugar mill, and reeeive^i ; 

from the rollers. It is of cast-iron, :i feet long <■> i. u> l i,,ii.i, 
and 6 inches de«p. It is crossed by ribs or led!^--!, wbii-h luti 
fVom one side uearly to tbe other, the vacant spices being on 
alternate sides of Oie tray. It is cast iu sevenil If-ngth^. which 
fit into each other; and i^hould any length he injiir)'<) 1: m-tv 
easily bo removed and replaced by a new one. Thi- 
np at a gentle slope, so that tbe juic'> received at its i . , ,.<\ 

flows in a oontinnoua stream, not more than al>ont ^-ineb deep. 
b.nckwards and forwards, from side to side, to the lower end; tbe 
wbi-,Ie length of tlic passage in the machine itself is UOynnK 
Undemeatn the tray is the furnace, the (lame of which spreads 
evenly along the bottom in a broad sheet, the draught being 
I>er(ect]y clear arirl uninterrupted. Tbe time occupitsl in tbe 
pSMoge of the Juice through tho tray is about five minutes, lu 
which short period cleveu-^ixTcenths of tbe water are driven off, 
and the juice has already beixmio what is termed " sllog." 

On leaving the tray the liijuor is pns8e>I at ouee into in« second 
part of the machine, calle^l the cylinder. This is of eoppi^r, 
30 feet long aud 3 ft 6 En. in diameter, and it Is kent slowly 
turning about atx revolutions per minute, by n email engiue 
attaehed for tbe purpose. Tho cylioder is partially open ai tho 
eiiii, nEilya narrow ledge being left, retaining a shallow niii.i.ii-w 
of lliif li<|Uor in tho biwcst |>art, from which tbe cnn 
lution of ibo cyliudor earries up a thiu pclliclo or film 
The ouLsiilfl of the cylinder ia heated by waste heat irom the 
tray or iLs I'timoce, or both. Through the inside of tbe cylinder 
a blast of strongly beateil air is driven; however hot this nlr may 
be made, it ia impossible by its means to burn the syrup, iba 
beat being instantly absorbed by tbe particles of water, ss they 
are carried nit by the blast. By an iageni<^us arrangement the 
liquor is couiinually passed into aud removed from tbe interior 
of the cylind'rr. When it is remembered that iis inner surface 
exfKiees to tl>e drying acliou of the hot blaat a 9«irfnce of fyrup 
of ftiore than \'.t-2 square feet, it is no matter for wouder that tbe 
desiccation pr-'oeods very rapidly. On the reniornl of tbe l^vi-r 
after a stay ia the cylinder of a very few minutes all possii 
of fermentation is at nn end, .and tbe oonccntratcd synip 
in this Btatc bu safoly stored in bottles or casks for - . ;■ 
Tn dn this Would, however, Iw tn cnrry with the 3ii|:»r a siii:ii 

S[iinittity of water, and Li iunnr the ritik of Imikuge. It i^t, tber 
ure, [uksstid to the third and last part of the machine, called tb 
drum. 

The dram is a large cylinder of iron and cop|wr, 4 feet long 
ami 4 feet dinmeter, hftited within by waste stettm from the 
small engine, aud tlie syrup is dltttribute^l along ita surface. The 
drum is drivtrn slowly at the rate of two revolutions per minute 
and its surface is swept over by a hot blast, which removes froa 
tbe symp tbe last particles of water, thus finishing the forntation ' 
of tbe concrete. Tliis is taken otf as fast as it is formtil, by a 
scraper alUiche^l for the purfMse. While warm ii iapla-stic, i 
may l»e cast into blocks of any convenient shape and size, but UJ 
hardens as it ctkita. In this ^tnto it may safely be packed fa 
sbi|>meut in bags or nmtting; it shown no temleucy to delique 
and (if cHirse cannnt rlraiii. (.V sample of sugar and mola 
prepared under tlic nplinnry prcwss, jiud a s:imple of «»nrTe6 
from the siiuic juice prepnred by Fn'er*9 proces", were cxhibitei" 
No linio or other chemical is used, and, as will be otuervsd, i 
molasses are mnde. VVhntever crystallised sugar is in the caa« 
juice is also present in the concrete. Tbe colour of ibe oonO 

is ao good as to Imj certainty preferred by the refiner to ( 

Muscovado sugar, aud itji make does away with bitijsheii.l*, pun- 
cheons, molasves, rum, and curing-bouses, while tbn increase in 
value and tbe saving of drainage appears to equal moi-e than £4 
sterling per bngwbeAil. Tbe coucrelor, tho cost of which is about 
XlnOii, does ita \V')rk at the rate of 10 cwt. per bour. 

A tificiid rcl'iiiteruiiun is evidently destined to receive most 
importrtut industrial applications. Alrea<ly, in the y 
mauufactiire, ami in the iii(;ftiious process by which 
and iM. &Ierle obtain Rhloridc of |K>t*ssium froit 
renders most valuable service; and now "b/L Al^ f 

Havanna, is applying it to tbe couceatratioo of s}.-,.. ... ....«j 
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of tlie well-known furl tli.ii water, in frefzing, become? compleMy 
, «cp&nted from whal^rpr it mny hnve provinnsty Itol'l \a solniioti, 
|iiim1 iif thr ■-iicr'i'asfnl working uf titc process by wliich Carri* and 
hem p&MliK'e any drsired degree of cold by mcchnDicnl nipjins 
|.fi acArc^ly n|inreeialjle cost, one wonders that no one vhonld 
m Uiouplit Iwtore of applyiug arlifit-ial oold to the extraclion 
of sugsT fixmi d^rofta, csptoially when it is roineoibrred how 
injnriotti) the nctioo of beat is apt to \^. However, M. It«yiiOfio 
llias conceited the idea at last, and Is devoting himself energeti- 
Icallr to it« renlixalii'n. lie is in England juMt n)>w, teuting the 
o^p*otive lueriiB o( the various coId-pix«Iuciiig «]ti>liauL*e8 ia tim 
bere. II« has found tlmt a Byriip nmrkiDj^ only fi" of Heaum^'s 
Bccharoineter bew.racK coDverted by congelation into ice and a 
yrupofSii^ .Slimild ft bo found (hut llie cold does not injure 
Etlie ayrup, we may look to see great clianges iti the procesuu of 
IftTiffar miuiafncture. 

A few words upon CliiocBC suffar. It appears that mneh extra 

ground liaR been set npfirtat Swatow this year for the cnltiva- 

tiuu of augur, in conKcqiir-ii'-e of the dpraaod in the nortli of China 

f')r thi* prsducL The C'binwio method of prwsing uugar in most 

rude. The cane is paased between two iitTpcuJiculir granite 

— >'liader« — one, being turned by oxen, gives a motion to the 

iters by means of cogs cut lu the grnutte, aud shod wUh hard 

ood;tb« Juice is thus expelled, and runs throngh a chauuel euC 

br that pnrpofie iiito a Inrge wooden tub, from which it is 

Eremoved to the boilinft hot closely adjoining. These cvliitderanre 

JMol at all tirmly (ixrwl, depending altogether upon tfieir weight 

to keep them in TK»8ilii>ii, A company of Kuroi>enDB working a 

iDodero sugar mill might makes large protlt, if the (.'))ine»e would 

^^nnscut to aeli their cmps when reafTy fur cutting. An improved 

Bne mill was imported by an Engli«h 6rm, but the natives 

efuned to pnrcha«e or even try it — a fact not to be wondered at 

Iwhen wc find penph- taking a nrjde in defyinc all change. 

In concludiug thia p«pcr, tne nuthor would observe thai he 
could winh it hnil been mure cnniparativo in its clmraclcr than 
it ifl. Bnt, an nn excuse, lie pleads the diffioolty of obtnining 
linformaiion cf prncticiil iniprovement^, by which alone the deKirvit 
*antcler of the j!«|>er could be aLtained. It is, liowevcr, to be 
hoped th)\l the diacoseion may elicit facia which Iirtc not come 
Iwithin the aatlinr'd reach. It was originatly iutendcd that the 
aper ahould fiUibrace the refiiiiug processes; this was, however, 
band impitasibic, but l}ie author hopes the object m&y bo com- 
\ at aoDie future period. 



ON SOME OF THE KECEXT DISCOVERIES IN CHE- 
MISTRY APPLICABLE TO THE Ains. 
By Dr. F. Cbace CjLVFirr. 
Iir this lecture I intend to treat of chemistry applied to tha 
^rts, and more especliilly lo sunio of the discoveries which have 
«n made within the last two years. Many of these will appear 
be inennipleie; but if complete ihvy would not b« new, for 
eldom are dijooveries pu-rffcted at once : they are generally the 
*iilt of nmny years' Biudy, and of the thoughtful conaideratiott 
rmreial men. 

The first part of this hectare will have rcfarence to some of the 

Applications which the l.iwa of light havu receiveil during the 

^Usl few years; and it will, I I.upe, convince of the necwwity of 

•very one engaged in the aria niuiiiug hiuiself acquainted with all 

the lawa connected with the ph^-nomena of light, to enable him 

to appreciate the discoveries which have been made, or to assist 

him in improving upon those which are already known, as they 

are constantly receiving the most valuable applications in tha 

srts and manufacturea. Thus, for example, M. Donne has 

applied the pruperliaa of light to ascertAiu the relative values of 

milliB by the amount of cream they contain, and thin he effects 

rfcj an instnimeiit which he calls the Incioscope. DuIkwcIi Soleil 

Ipm applied wiili greai suoceaa one of the moet conipiicatvil Uwa 

of light— viz., p<>Jari»e<I ligbt^-Ui Uie commercial estimation of 

the t-ariona qualilivi* of sugar. By this process Uw sngar i-el"iuer, 

jOr any other r-ei'^u interested in that produci, h enabled to 

^oerlaio in half-an-hour eaaoUy Uie .iniount of cryslnlii««l wigar 

bere is in a given sample, aa compared with the quantity of 

oa-cryetn lit sable, or what is commonly calle.l tmaule. 'M. 

, >Bbow;h tfoleil's apparatna is considered so accurate that the 

rrencU Oovcniment baa adopted il to determiue the value of 

* boa tbe JouraaloritaaaocMTorArt*. 



raw sufpra imported into the conntry, and the customB dntiefl 
are levied upon the i-esnlU given by this instrument, f tiiAy 
further add that IhTs appamtUB, called "Polariwinc Sacchavo- 
meler," iff based on the y*cnliar prt^perty which light haa when 
polarised, or when its rays are received at an angle of 35°3J5' 
on a pUto of tourmaline or a mirror. M. Duboach Soled's 
apparatus onablea him to work with polirised light, which 
presents the vmioua colours of the spectrum in such a 
way as to enable him thereby to determine, aa I Iwive alrt-.tdy 
8tat«d, the amount of crTstallisablo sugar in iiny c'v-n qnaniity 
of the article, sofhciently accurately for all commeioiiil purposes. 
It is impossible for me, in a single lectore, to ittieuipt to give 
an idea of the various iiuprovomenla which have hv. " ■ '•, 
even within llie last two years, in the arta of ph 
Tallwtyjje, phctojtincography, glyphography, or other pi iitr...-^-i 
which arc due lo the action of light on seunilive fturfaces. Still 
tliere are two discoverica which appear lo mo to disserve possiug 
notice, viz., the carbon proocaa of Mr. Swan, and alw the prt-c^-wi 
discovered by M. Villeme, and now carried on in LunJon by a 
company, by which the operator ia enabled not only to lake thr 
photograph of a person, but to produce a statuette giving a fuU 
repre8«ut;ition of the fignrc itself, and a far more accorale 
personification titan could l»c produced by any ncnlptor, 
and that at a cost of as many shillings na the sculptor would 
expect pouniia. Bnt the niosl tnipottant series of reMArches 
which have been made of late yearn iu connection with photo- 
graphy, AJiil to which I deem it my duty to ciEI esiwcial attention, 
are such as to aoqnire more and more iii)iK)rtnnce aa they are 
more developed; I therefore fuel convinced that anyone who will 
devote bis talents to the study of tbia particular branch of 
photography will in time be amply rewarded, and of this there 
can be no doubt, when we consiiler the results already oblniued 
by the labours of only two or three gentlemen. I refer to the 
reproduction of the various colours of the speeirum upon 
tiemtitive HurTices. In 183?*, Ilfrxchel was the fii-st to publish a. 
paper on thti varion« colours which cliloride of silver is euNj'i-p- 
lible of taking utidt-r the influence of certaiu coloured rayji ■:! 
light. Mr. Kobert Hunt al-*© published, in IHW, a pai'er iVi-r- 
ling to the eubject; but Iho most •.-oiDjilete series «>f ^^^Hl'a^chc3 
on the subject of the reproduction of tb« cumum of the spectrum, 
and which led to a procetw by which several of the coloui-s of the 
B^'ctmm could be reproduct-d on a ftcnsiLive surfucv, is ilue to 
i!^muDd Becqaerel. The results mrived at by thbi geullumuD 
were ao remarkable, that they drew the attention of the whole 
Beienti6c world; and the following ia an oullttie of the prt^ceKws 
which were applied by him to obtain this interesting result. He 
twk a daguerreotype plate, or a silver plated one, awl hoving 
dippe<d it in a weak eolniion of chlorine, or, what waa still 
better, a wcnk solution of hydrochloric ncid, by wnnectiug it 
with the poles of a battery the brilliant silver snrlaoe acquired 
different lintti.jiasaitig gradually froiu nn omque white to a black 
tint. He also cbftLrvcl that the liut l>cst suited to obt.un 
favourable result* was wTeu the jilnte had acquired a pcarli&h 
pink; and although he found that Ihe phite ho prc|nirod, whea 
placed in the ciuueta obscuro, assnme<i the colours c«ni posing the 
jipcctrum, still they were faint, but he remedied this dtfecl of 
intensity of tints by heating for neveral huur* lo a temperature 
of 95" to 100" the chloriufttwl plate, and then anbmitting It to the 
influence of the various i-oluurs cumpoaing the spectrum. 
Further, in the course of his eludies he made the impoilunl 
observation that he could replace the peculiar action of heat on 
liis prepared dnguerivoiyjw platf by exposing it to the myi wf 
the son under a Hliwrt uf puper which had been slee|»ed in an 
acid frduliou of sulpliMw of quinine. The effect of this wa* that 
the plate of silver oMumeti nn inltiuae while colonr, nearly 
resembling that of paper; whilgt, if the protective paper had not 
been used, the ^ilvrr plate would have gradually aapiired a d.irk 
tinti-ind would have lost ihe whole uf its seiwiiivf i > 
the prf>tective paper having the power of arresting < 
the moat h-'frangiblo rnvs of light, espcdnily those u.mlu ,.,« 
beyond the liiiA H of the (.[wctrum. Notwithstanding M. 
Kilniuod Beequerel's ardent hope* to llnd a method which would 
enable him to fix on a sensitive aurfaoe the varioufl colours of ilie 
spcctrom, still ho failed, for Ihev faded imturdiatdy they were 
ojtpowd to the direct rays of light, and could only 1* i>reitBrved 
iu obsenrity. But there ia one gentleman who deserves gieat 
jjniise for the eximordinary pei«vprauci.' which be has shown in 
this chws of investigation. I mean ihe nephew of the discoverer 
of phowgrnphy, Ml Niipoe de Salol Victor. Although I will 
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Dot enter here into tlio tic Uilft of tbcfie VftliMblo rcscarebei, ns 
they cao bo fouud ia the Coiupta Raidua de VAimdimie dot 
Sctencetj still T mil/ just be allowed to slnto Ihnt be baa not only 
. by ihe follriwio^ procesa obtiio^l (at mon brilliaat colour* thno 
thoac firat jiivulticcj by M. Eec(itjerpl. but b«« micceeilei! in 
reprodacing oq Mn&itive plitteA the varlouri cntinm of crjlonrcd 
soHacm, nich na are presenttyl by fabrica, Sowers, 8x., and 
riirth<?r, he hu Utcly been so fortnnato ns to reproduce on biv 
plat+'H ytillow and blnok tints, which bml rwinteii :ill prcvioua 
attempts. T" fpve yoa an iilca oi the fjicta arrive*! at by thia 
g?utleaian, I luAy ntiUc that lie b»a sucoce>di'd id fto fixing upon 
aetnitiTe surfacM, the VArimis colmirs of the spcctrom, or of 
colourful surfnoe^, that they will bear the action of diffused light 
for wvend ilny*. In fact, I have iweu photoj;raph» which 
repro«li]'.-«il faitliriiUy a suiall dot) dresspd up id vnriuUA ooloors, 
aui] in wliich even the most ininuto onmmcnt could be 
traced, and, whnt is certainly not less interestiiiir was the reppo- 
dnotion of the iiTi(te«cent colours of the pervcocfc'a f«\thor. 'i'o 
obtain theac nuirvellotu reaiilte, M. Niepee de Saint Victor takes 
K dA[;ai?rrcot>'pe, or atlver-ot>ate<l ptate, and dipa it into a weak 
dotnlion of hypochlorite of Bodiom, having a speciGc gravity of 
t'3<% until it nx? assnraed n brii^ht pinkish hue. Tho pfatc id 
then coverorl with a sohition of dextrine, satnr.itod with chlorido 
of lend; it U then ilrifd, nnd iiulmi»|nently submitted to the 
action of heat, u in M. Bccquercr» experiment, or auder the 
screen of eulpliate of iiuinine, also referred to above. The plate 
is then reidy to be ptiu'pd iu the nniuera oWiira, and to receive 
tho colours of the spectrum, or represE-ntat-iouH of nature, such as 
flowem, at well as certain colours produced Ky man. Lmtly, he 
BDcceed^ in inf^rensing the stability of tho i.'nli'iir» developt-d nu 
the sensitive surface, hy covering tho plate with an alc"holio 
tnlution of ^um beoaoin; and SL Niepco gives the name uf 
Helio-chi'innie tn this branch of photography. 

Daring ht3 Iciiglheiied re9e.*irchefl, iL N'iepce do St. Victor 
hiuj made two eeriea of obaorvations which I deem it my duty 
t't lay U-ft-ro yon, viz,, that he can produce with facility, uu 
I'irpt«r'_'[ j! I'.t;!, iho binary colours of tbe spectrum, viz., orange, 
vi.^lvi, ;i,rH'.V', und grcpu, if those cnlonrs are natural; but if they 
are artifi(-*i:dly prinlu..f il hy Uie mixing of two of the primary 
colours, UM red and y(>Ilow, or orange anil bine, and yellow or 
bine, he cannot reproduce tha binary colour, but only one of the 
two ojloors employed by the artisan to prepare them. Thus, for 
example, ho can reproduce the natnral ereen of malachite, and 
the beautiful colour known as Sohiele's greeni bat he 
cannot do nn with a mixture of Pnuiaian>bioe and yellnw 
Chromate of lead, the blue only re-appeuring. These ficts 
enable him to explain why, in onlinary photography, the leavea 
of plants always appear bliu.*k, aud why, when ae attempt* to bx 
on bitj plrtteji the colours of leaves they have a blueish hue» the 
yellow I^■^^^ifln of the colour not being reproducible. 

M. Ni^pce has made another serien of observations which 
deserve noiioe, viz., that when a ptato, as prepai^dby his process, 
is dipped in nu alcoholic solution of suhstanoes sascepUble of 
imparting a colour to ftnme, sucli, for example, as Htruntia, which 
OfAnmonicatef) a red hue to it, or baryta, which gives a yellow- 
iah-grceu colour, the prepared plat«8wheu exjiosed in the camera 
will assume the KJinie cc>lour as the salt which they have on 
their surface would inip.irt to the flame of alcohol; and if a salt 
of copper be tised, which has the property of communicatiug a 
rariety of tints to the ll.imc of alcohol, tbe plate also wilt assume 
a variety of tints when cx}Kised to the action of light; and 
during a crtain period of liia lougihy researches, fti. Niepoe 
ATAiled hiniM'lf of thiii curionn phenomenon to obtain coloured 
plates in the cntnora. They lire not only interesting as reproduc- 
tions of art, and as a feat of extraordinary skill in the progress of 
photoLTaphy, hut they are especially so wcauao in time ihty will 
lead t.) niuthods which will on-Tblu us to comnnuiicate to our 
little children pcrft-ct and correct, vIrws of our time, and other 
interesting facts counecled with the period in which wc live. 

All fiersons interested iu the prugi-ess of photography, will 
find full det:iiU nf the uew proueases for reproducing vitrilied 
photographic plates in vol. GO, page 12.19, of the Oimptet Reudut 
de C-iciiiicniie rf/j Sehncea, 18(v(j these I omit, as they are purely 
tecliircid, and have only an interest for those immediately 
engajifrrd iu that branch of the photographic art. 

I shall nf)W call attention to a most important series of n- 
aearchett puhlinlifd by Pnifessort Butisen and Koscoe; bnt, to 
enable yon to appr'>i>iittc thc-ir value, it is necessary thai I should 
make the following remnrhs:— It is now well known that tbe 



aoUr spectrum is composed of three primary colours — ihlu 
yellow, and red; and also of four complementary or binary^ 
coloors. riz-^-omnge, green, indigo, and violet. It ia also known 
that tbo«e coloura represent different properties or qualities of 
that nnivemal fluid called Kthcr, which, t may say, was gencnd- 
ised hy Sir Isaac Newton under tho name of OrmvitAtton, on 
which the whole of the planetary system is hosed, and wbic' 
gives to tbe universe its harmony and stAbility. This fluid i 
Husceptiblu, under certAiu influences, as those generated by th«^ 
sun, of being set in vibration, and thus aie generated heat, light, 
and chemical rays; and further, as there ts no chemicail nori. :i 
-without a corresponding production of electricity, it follow^ 'h > . 
electricity, as well as niagoetism, may be considered as a inetw i 
mudificattou in the vihi-aiioiiB of the wime fluid. Therefore w( 
may truly say that ail the imponderable fluids called Light 
Klectririty, Heat, Mai^nclism, and Force, having all the aaa 
origia, namely, the fluid called ether, and which, acoordiog 
the nature of the vibratirma, developM or renders |)alpabla 
our senses one of those fluids. Iu fact, I feet convinced that thfa 
nnique fluid is not converted into those divers flul'ls by speeia 
m«Kh6cations of its own vibrations, but that they only bec<imfl 
manifest to our seniles when it has imparted its own or specis' 
vibration to tho particles of matter, and that it is the peoulia 
vibration which it imjuu-tfl to the molecules of matter tliat 
developce in the molecules themselves such a mode of vibmtiuu 
as gives birth to what we cill light, electricity, roagoetif«m, beat, 
and fnive. In fact, there is iin doubt, from the reecarcheK of 
Dr. J. P. Joule, Profs. William Thomson, Mayers, and other 
that heat and force are the same fluid, for Dr. Joule has givvn 
us the exact measurement of that force. He has demnnstnile*' 
thnt the amonnt of heat necessary to rai^e one |v>und oftTnte 
one degree in tempern'.ure, wonld. If applied mechanically, b 
competent to rnl^e one pound weight 772 feet high, or it w'nali 
raise 772 U>. ojie foot hi^'b. The terra *■' foot-pound,*' h.is been 
introduced to express in a convenient or svetematic way th4 
lifting of 772 lb. to the height of one foot. Tnu.<i the (pmulity of 
heat uece««;ir}' to raise the tempcrnturu of apound of water one 
degree boin;:;: taken as a standard, 773 foot pouodti r^t.-ttnte, is 
wliat is called the mechanical equivalent of beat r>r.Tyiidall ioa 
his valuable work nu ' Heat couflidered as a Mode uf Mution/l| 
gives many interesting examples of the convenuon of beat iuto 
foroe, and vic*> versft. For example, he cites the following theory 
of Prof, ThotuiMtu, who assumes that an immense amount of fort 
is converted into heat when meteoric matter is iitti-actcd to tb 
surface of the siui by the molecular attraction called gravitation 
that the force generated by tho immense velocity with whid 
meteoric niatii-ra travel townnla the sun. becom'^s convertetl' 
instintly by itn contact with the snu into heat; and furilier. he 
onnsiders, that the showering of meteoric matter, nn wi-ll as thal^ 
of the zodi:ical 1 ighta on the «nn*s surface, arc sntficicnt lo a<xaui| 
for the Inimense heat which he supposes the sun's surface 
possess. I muU say that I do not bolievo that th** kuu poss 
mueh heat or light; I believe that it is only an immi>nse 
which, hy its nize as coniimred with the rest of the planetai 
syHtem, becniues the centre of gravitation; and that theiv exia£ 
bstween it and the planetary bodies a^conataDt Btate of attnu' 
tion; that the fluid oalieil ether, which roprcseuts the foroe onlle 
gravitatiou, is in a constant state of activitv throughout Ul, 
universe, anil brings abf»ut that Godly and a^lmirabk' liaruion| 
which i>ervadesit; and although tbe ether filliug eiuice can b 
considereil iu a con9tant stnlo nf action or vibratinn, nud coq 
verlible into the fluid? which we mil heat, light, electricity, an 
magnetism, still thcee fluids only becnme manifest to our «en» 
when they put into vibration the particles of matter, or produo ^ 
aeconling to their peculiar vibration, the phunoniena nf Jigli^ 
electricity, magnetism, heat, and force; for tf heat is convertible 
into force, as asserteil hy tho reiicarches cf the eminent Mitumtt 
above stated, why should not the production of other fluids fa 
duo also to similar plieuomeua f If it be trit^', as Joab 
Thomson, and others contend, that force and heat are due t^ 
the vibration of the molecules of matter, aiiJ that nco^nliui; to 
the rapidity of the vibrations of anch atoms (imparted to theui 
by the vibmtiona of ether) one or other of these forces is en- 
gendered, why should not the mauifeslationa (if otlier fluids be 
traced to similar causes f In fact, no doubt can exist iu n 
opinion with respect to electricity and magnetism, for if the 
manifestations to otir senses were owing to the vibration of a" 
universal force it woold affect all bodies in tho same way and in 
the same degree. Now this is not tbe case; for there are i[oud 
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aotl bud eotidutitor*. Hiertforo it follows tbnt tlie atnma com- 
po«iug niftttar, or morrt so, their CAturtf, Imve an influpnoe ou ita 
degree of mnnifcstntioD. Tho MQie with ma^ielhm; for we Ciad 
otygeD to W rungoetic. And uitrogcn uou-magnetio or dia- 
cwgiietic. Thus it appears to me from these facts, which might 
be mtiltiptitH.1 if time porroiLted, that the niaiiifestiitioD8 of beat, 
force, olectriaity, and lUAj^etism, nra not yiecalinr and tliHtincUve 
flaidi, but are due to the moditicatiaQ in the modu of vihratinn 
of the uiiiveranl fluid cidlod ether, which iinpurtn to matter its 
peculiar iiodtitationtt, noil that theae forces are only made 
manifest to us when the vibrations come into contact with solid 
matters, such as coni|)0«o the atmosphere or the earth. There- 
fore, [ am of opinion that there is no light, heat, electricity, or 
niagoetiem, buyond the liniito of tho ntmo^phcre which surround 
the earth; but that when the ether, wliioh is in a state of 
vibration, comes in contact with the partidea of matter com- 
poeinc our atmosphere, it then commonicstes one of ita own 
pecuUar vibrations to tbcae particles; then, they fay their 
vibmtions, become Inminoua. If this theory ia correct, it follows 
that the pnxluction of the phenomena of light is due to the 
vibrations of solid matt<^, and not to the vibrations of the ether, 
as is assumed by the philosophers of the day. 

I very well know that these views of mine are completely in 
contradiction with tliose entertained by roost of the philosophers 
of tho day; hut still I hope to bo able to publish a snfHcient 
number of scieutific researdiea, aa well aa to draw attention to 
such a nnmber of physicaJ, chemical, and astronomical facta, oa 
may, even if not proving th? truth of my ^-iews, at all evento, I 
hope, deserro some attention. 

Now let us Totni'n to the subject under consideration, viz., 
that a apcctnim ia produced by the deoomnonitton of light when 
it Is refracted at an angle of 60°; and tnat the result of that 
deconi position is the production of three primary and four binary 
or complementary colours. Further, that the nxl portion of tba 
spectrum represents calorific rays of light; that the green and 
yellow represent light-giving rays, and violet and the rays beyond 
it the chemical or actinic rays of the some. Philosophers have 
for a long [}eriod been able to measure accurately the intensity of 
tho heat-giving rays, by means of a thcrmomeler or the ibrrmo' 
electric pile; and though we bad a general kaowtudge of the 
istensity of the chemical mya of light, sttll we had no method of 
accurately measuring its rvai iuteuHity, and conveying nur results 
and obserriitions to others, till rrofessora Bunsen and KoEcoe 
filled np this important gap. Tliesc gentlemen's researches will 
be of preat service to science and to society, as they will throw 
nneh Tight on many meteorological data^ and enable a cheroiiic to 
study with raor* precision than has be«i previously done the 
chemical phenomena of vegetation, and otner phenomena oon- 
itecied with the ohemistry of agriculture. For example, the 
therroomptric oluervatiooa giving the mean monthly or yearly 
tem|>erature of a country, by no means yield ail the data required 
for the CMtimatinn of the true climatology of the place, or of ita 
plant or animal producing capabilities. For these purpOHcs we 
require to have not only the amount of NoUr heat directly or 
indirectly reaching the Mpnt, but likewise the amount of chemical 
active solar light which may be piesent there. This ia strikingly 
exemplified by the following example given by Dr. I£odcoe on a 
comparison of the mean annual teuipcmtnre between Thorabnwu, 
north latitude, 62"* 2"; west longitude, 6° 46"; tempenttnre, iy C; 
and Carlisle^ oorih luLiiude, 54" ^': west loo^tude, 2° i>6"; lem- 
peratnie, •IGD'^; difference, 1*3. From these figures it will be 
seen that the me-'vn nnnnal tempei-ature ia nearly equal, but the 
quantity of RUDl>t;hi. uuliog upon tliose two places differs mo«t 
widely, and wr have a oarrespunding ditference in tme climato- 
logical rcsnlta. Thus the flora of tho Faroe Irtlnmls and the 
Shetland Islands is of a mo«t liruitcd description. Oolr hardy 
varieties of «hrubs» and no trees or flowers exist there, while at 
Carlisle we have a luxuri.-int vegetation accompanying a most 
sonny sky. How easeuiial, then, are the rava of light tovegeta- 
Iwo. The^e gentlemen have also ascertained that Ltiose raya are 
in ratio with the intensity of that tight; and still further, they 
are also in ratio with tho chemical or actinic rnya of the sou; 
and thus the researches of thene savants will enable them to 
measure with accuracy those chemical actions. It ia impossible, 
in a lecture like this, to render juatice lo their researches, there- 
fore I must refer tbooie who wish to consult them to tho Philoso- 
phical Tmnxactipns of the Royal Society. Still I may state that 
these ^ullemen's pbotochemioat Inatrnments art) haaetl on tha 
following data, riz., Uiat equal intonsiiy of light produces in the 



same given space of time equal shades of titit on surfaces pre- 
pared with chloride of silver of uniform sensitiveness. Thus it 
IS shown by experiments that a tint attained by paper so prepared 
is constant when the qunntity of light falling upon it alto remains 
constants Ijght of nu iuteuaity of A0° falling upon a paper for 
the time of one minute produces the same blackeoing effect as 
light of the intensity of 1^ falling upon it for the time of fifty 
minutcft. Knowing them laws which regulate the degree of 
shade of tho paper, and having a surface of a perfectly constant 
degree of aenaitivcness, it is easy to obtain the abaolate mea- 
surement of the chemical actiou of lighL 

The next diM»very to which 1 de»ire lo draw your attention U 
still in ita iufaucy; but I am induood to refer to it from two 
coDsi derations. The first, that it may render gi-eat servioc to 
society by enabling ua to preserve Uio lives of uinny thonaauds 
of our fellow-creatures in coal-mines nnd other underground 
worka,and also because it iaa beautiful illustration of thenmoant 
of knowledge that a man i-enuir^.s at tho prtiseut day eittier to 
nnderstaud or appreciate fully the discoveries of others, or to 
enable him to attempt any original invention of his own. Uoleaa 
a person poeseases the rudiments of the leading sciences of the 
day he will never be anything hut an imitator, nnd will oever 
succeed in improving the inventions ali-eady made. It is certainly 
most interesting to witocfss how the moat abstruse branchee of 
science are brought to bear on arta and manufacturoa, and uo 
better example can be given than the application of elcctricily 
under various forms to what ia commonly called the telegraph. 
The invention which I am now about to bring l>i your notice U 
due to M. Dumas, a youug French engineer, and to M. Brequel, 
of I'aris, who is also practically connected with tetrgraphy. Tn 
enable these gentlemen to cany out their discovery, tney have 
bad to study, and be perfectly acquainted wiih, tho researches v( 
many of the moat eminent men that scieuce has produced during 
the last half century. Thus they employ the galvanic battery* 
which was discovered by (.~}alvttni, and pcrtectod by luany 
philosophers, until brought at last to its jtreuint perfection, 
rhey use a mixture of bichromate of pota})li nnd sulphuric ncid 
in a KuoKTO battery. They have alxo hail recourse to mngneto- 
electricity, first discovei-ed by FaraiLty, aud brought to it« pn'Kvnt 
peifecUon by the rcsearchea of MM. Nobili, Mason, Bccqutrol, 
Joule, and others; and to eunblo them to cou^itruct their apparntna 
they have applied, with groat inguuuity, the inductive coil, the 
result of many sncceasive diacovericfl, and brought to great per- 
fection hy Kuhmlcorff: the vibratiug interrupter of Dancer, nuil 
also the condenser of Finnier. Further, they must have had the 
knowledge of the stratified light and the application of it by 
Onsiiiot: the fluoreseDOe of light by Stokes and Kecquerel, and 
their applications to glass by Getssler. All thctte facts prove the 
correctness of my statement, how vast is the amount of knowledae 
required to make n little discovery. The .apparatus invfntt-d by 
tlu'se gi^ntlemen is porL-ible, for a miner carries on his bnck the 
nbove-nientinned galvanic battery, and this genernles the force 
required, which is muliiplied, iuaeased, find brought lo liyitt by 
the Ruhrokorlf ci.til, which in bIko conlint^d in ihti same leather 
case, occupying only six inches; the magneto-electric y [mMtra 
through wires covered by vulcanised india-rubl*r, nnd iIh-m :iw 
in conneeti'^n with a thick glass lube, in which a vncuum haa 
been made, and this contains n fluoreaci'Ut tube of Gciitriler, which 
li*rroiuf8 luminous or fluoreseenl by the |M8sage of the electricity 
through it, generated by tlie t-wl and tho battery. 

Although both light and electricity are moat interesting anh- 
jectfl, and could well be made the subject of ninny lecnireri, still I 
am bound to leave them on one aide, and draw your itticntiuu lu 
other facta deHorving i)f notice. It is well known to nil chcadsta 
and philosophers that matter has a great tendency to asauino n 
gAometricnl or crystalline form, and that whenever thv atoms of 
urn Iter are auflicientty free for molecular atlractinn la have ita 
full iufiuences, attraction t«twccn the atoms takts place, and 
gives birth to well-defined cryciMls. Tlie following riiimplea can 
be oit«d : — ^The slow cniidL<tiK.tLi<iu of the vapciur uf tudine, which 
givea rise to well-delJned cryatals, as well xa thoM.- of ciiuipbor 
aud other volatile bodies. Whuu sulphur. biBututh, and other 
subKlancea are melted, aud tdluwcd to cool slowly, and (he excena 
of the fluid remaining anv.iig the crystals is p^'ured otf, well- 
delined crystals .ire found to oAist lu the moiut, which apparently 
would have dt.^nppcB^cd had not the excess of fluldx been pout\.-d 
off, for in this case the muleculcs of the remaining finid miux 
would have solidified amoug the cryataia, aud would ha^*B 
preveDled the obaerver from swing that the molecules when 
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firood in llie fosod miui had ASRuaed a eiTttAlliDc Uvm. The 
IvodeDcy of molecules to usiiiue a gcomctncnl form i^rceentH in 
oidoy iaslADoes ciirimis pheii.imena. Thua. for example, a veawsl 
mayf^ntaio ncetic an-l cj\rbnlic ajz'nh — and if, nay at a terancm- 
lure nf -l(y or ')(r, a iTy«tal of eillior of lliosi- siibstaiiccH in pia-^wl 
in contact with it» own fluid, the cotire bulk of fluid raiAsea iu A 
few B«ouda into a wlid crystalline mass. Tlie laaailestAiii'U of 
tliat force is ni*Q benutifullyillaaintted in th<> folbiwiii;; instniioe: 
—If ft tia |i]ate be boiiied to a niod^rAte tcin)>«mLur^, nod & 
drop of water bo altowpd to fiill on its sorfnco, aud Ibo plate bo 
dipped for a few ti)iniil«8 hil» weak miinatio ncid, it will tu 
obntTveil tbr^^ lb« whulo surfdce of tbo pl.-ite Is affected, and th«t 
wlicri- ■ f«U (t haa atisoiiipd n nio«l U-aiitirully waved 

ikUti 11' urfn<}c. If this aurfAoe he ^taniinc-d under the 

mlcroscojjt; it will Iw found lliat uutler the iuflueuce of the 
Tibr&tionii geuerated by the oold fluid falling up<:>n tlie heated 
plftte, tlie mass of iiioU'Cules have paswd from their amorphous 
eonclitinn to that of a cryMtfdlij.wl one. We all know this 
lUteraiioTi in thu tin-plato surface vaa particularly applied matiy 
veara ago to produce vari^'gaU'd nurJiiccs on our tca-lraya ftii^l 
other sioiilnr domestic veHSfU. It should also be atoted that 
this effect was j[roatly enbauwd by the HkilfnJ applinition of 
coloured vamiahej, which incroaaed the value nf the uiprcvntilc 
article. This illfloovery, which is due to ao emincnl ehciiii«l of 
the name of Prout, clearly proves, as thoeo before cited, the 
power which matter ha» to ftsttuiuo a crj-etalliuo form. I canuot, 
however, refraiu from addiog the foltuwing inittaiice.*, iu which 
the mere vibi-atlou of partide* of matter i« suHiciout to change 
amorphous bodies into cryatolline odih. The firet is that which 
afti*li lakpa pl^re iu the iron U8e<l nn railways. The tuoaL 
atrikiug example i« that of the irou links nseil ui Hoite wagiions, 
where it is fouud that the fibrous, tonncioua liuk moile of 
roallenhle irou is tmuafurmwl iutu a crystalliaed brittle liuk by 
the coustaut vibration it is nuhjfCteJ to by railway tralEc 
Anotlier exatuplp i* that shown by the peculiar action exercised 
by intense cold ou the luoleealar state of iron, aa showu by the 
briitUncss of the metal in Jttissm nud other cold climates; this 
was the case in December 160l>, in Eofjhind, when, as will Iw 
pcroombered with legrt-L, many railway accidents occured, owing 
to the rails bcciminy crystjillimsl and brittle. 

Tlie power which molecules linve to assume a crystalline form 
has recently been the study of Mr. F. Knlhmann, au emiueut 
chemist of Lisle, and he has ji^iven to that force the name 
"cryatallogeuic." I shall endeavour to lay liefore yon a short 
epitome of his researches, which ai*e not only iutertttting >□ a sci- 
entific p<dnt of viewjbntalso in conaei-ioenceoflhe mode in which 
he haa applied it in wimectiou with arts and manufactures; and 
those who take an cajK-ciat interest in the matter will read with 
pleasure his researches in the 0»mpteji Rcndua <k VAcad^mit des 
Seiencf4 ttt Paria. iL Kuliltuauu, liaving mixed a cerlAin eloss 
of substances whicli crystallised with facility, such as mnunite, 
tulplmte of zinc, iron, copper, with a thiokyolullonof gum, orany 
other Hubstnnci-s tutcrlerinj; with Ihit free cryst.'Ulisation of these 
siibslAUccs, aud having sprcjid the mikturen on gI»Bti, he found, by 
exposing puch prepared pistes to the atmosphere, that gradually 
the water would ('Vsponiiu, leaving a dry nmsa, iu which could 
be observed nioBt l>eaiitifni arl^>ri«rttions. Each of the solutions 
will produce a welt-deliued design whicli is not always identical 
ftlthongh operating under the same circa mats neca. Still they 
assume very sitailar forms, being in suine iu-stjuices that of stars, 
and in others that of leaves and wreaths. These miMli6cntions 
ara obtained by the strength of the solutioii. the unture of 
the salt, and the mode of pmfisratinu. Kublmann further 
obsarvnl, that if amorphous Kubstiknees, such as magnesia and 
■eaqni-oxidi! of iron, or chroniinm, be mixed with boilies sus- 
~ BptiWe of ory«lAlli!*ation, and these added to a gummy fluid, the 
mondious particles are drawn iulo the cr^'stnlHsiDL' Kuhetances, 
and follow the outlines; aud if these are producecfon surfaces, 
such as tbo«9 nf ylitss or porcelain, and heat applied, the Kunimy 
matter will be destroyed or rnlntilised, and the crystalline 
medium and the amorphous substances beonmo iuonrporated, and 
fixed in the porcelain, reprcHlucini; on its surface n crystal higenic 
dewgn. These researches which T have the pleasure to lay 
before you will show you the probability of carrying out these 
resullB to a satisfactory issue. Of cf>ui*8e, the glass or poi*ceIain 
manufacturer will easily understand that he will have t/i use 
borax or phosphate uf soda, or other flux, as a crystalUsing 
medium, if he wants to produce iu his art the results that I have 
stated. M. KuhlmauD has applied his crystaUogouic process 



with great success to photo(fTaphy, and also to the an of 

enpraving metals. As the latter may In- ~ ■■:' ' 1 will 

f^Wu yrii an outline of his process. It iga 

cryMtnllogizuie dc.d)gu nn the Horfacc of ..i ^l ^ '*- 

and then applying on the so-prepared surface, say a sht^' 
or copper, and submitting them to high pressure; ■ 
design would be imprewed upon the plato. Tlie embo&v. 
by Ixiug pUced in a pruparetl solution, and in eonoe>-'. 
a galvanic current, will easily give birth U) a fac-stmlle in reiief, 
which can he usid as a printinii "JUi-face. It is with pleasure that 
I nm able to state Ihiii, though J (mrt from these iutereating 
researches for tlie presont, I Hhull liuvc the plefljiui« of refer^ng 
to them again in a snti^equcnt lurt of this cuureo of lectoreSt 
when 1 shall apeak of some resaarohes of this gentlenmn wbicli 
have a more immediate bearing on the progress of ^cit^noe. 

It has been for a long time a disputed qoestii^n whuther the 
stained windows we all admire iu old uatln^nilK, could be 
n-storcd in such a way an to resume tbo brilliancy thev had at 
tho time they were placed thei-e by the nitistA. At ail eTeola» 
them is now no doubt that Uiis can be etTected by the prnoeM ' 
disciivereid by luy eminent master, M. E. Cnevren'. •■■' ■■ ■■^■^Ted 
by the nppbcatiou uf it iu connection with thi> ' n of 

stained windows existing in a wuJI-kuuwn church u- - -that 

from which the tocsin of St. Bartholomew was sounded, " St, 
Oonnaiu dt's Prea."' The process deviaeil by M. Cherwul i» 
highly practical; it ooDsists in removing the stained gloaafrom 
the windows, aud dijiping it for several d.tyt<, first, in a weak 
solutiou uf carbonate of soda of a specitie gravity of Ht^A 
then washing It, and dipping it for several hours iu a solution oC 
muriatic acid of a speciHe gravity of It)!^). Ou the ghuB being 
washed and dried it will be found as brilliant and beiauttftil lai 
when it came from the hand of the msnufacturer. M. Chevrent 
bos fouud that the dim and dirty appearance which stained gUso. ^ 
assumes by time ie due, especially iu Urge towns, to the vm-ioua 
pruduatH of Kiuoke being flr^t. ciuideusi'd ou the gUss by fog and 
rain, and then l>ccomin;,'oxydised they act as a cement t«) variouit 
miucral matters, such as chalk, g}'p«um, uJiyde of iroUf &c., whicb 
.help to impoverish the tranDpareiicy I'f the ginas. The alkali aet« 
upou the orguuic mutter and dicaoives it, while the muriatic acid 
rtmftves the minerals. The durability of glass plaued in our- j 
njonumenta Is extraonliii«ry, when we hear lu mind the curiona j 
results published some yuars since by the eminent chemist^ 
Peiouze, who obsen-ed that when window, bottle, and other 
varieties of glass were reduced to a 6ne powder, and mixed with 
water, tbev were soon aclod on. yielding a large quantity of sili- 
cate of soda to that Quid, nmouuting iu several cuses to eight or 
ten per ci^nt. in oold water, aud even to ihirtv-^ix per cent, when 
the tinely pulverised glass was tioilol in water; and that, in many 
cisus, it was a definite compound which was dissolved frum the 
glias, uamely, a silicate uf soda, cumpoaed of three e«piiralri>ta of 
silica and two equivilenta uf soila. hL Pctuuzo explains the- 
extraordinary diirerencc in tho offfot which water pruducea ou 
glass wheu iu large motfsee or ptatus, as cnm[)arei) with ita 
itifluenco ou the same aubBtanne when rednceil iutu a fine 4Cate of 
powder, by assuming thot, iu the tji-st iusiauca, water doe* not 
act because it seidom remains sufficiently loug iu ooutoet with 
the gUss to act upon the elenienle which compose it; while, in 
the second caae, tlifre exist«i uumorutis points uf Citntact between.^ 
the fluid aud the solid )x>dy, thus facilitating the action of th» il 
fluid on tho solid material. [ am iuclincii to think that the 
pecnliar molecular condition the surfucu of glass oasnmea, vhoa 
mauufacLun'd in plates or otherwise, must exercise a gn^^f 
iiitlueucc on the ]iriiperty which glass has to resist the aoLiuo oiT 
water. If it were not so, how could l>e explained tho limited actioa 
which watery fluids, such aswine, cnuso upon the interior sur- 
face of a bottle, though they remain in contact for many jtmn I ; 
I can conceive glass assuming a peculiar surface by the prcstfor*^ 
of the atmosphere, thereby producing a homogeneona one m^ | 
ceptiblc of resisting tho action of water. A similar iiMtaiic»j 
occurs in the casa of polished steel, or of the rolled snrfiioe ofi 
wroughtriron, or the skin of coat-iroD, which resist the chaaucait 
action of either air ur acids iu a far greater degi«e than do«« Ilm4 
interior of the substances whicb compose those metallic bodtM. 

Whilst dwelling upon old materials, I will give anoatllneof^ 
a prooess devissd by M.StahI for the preservation of antetUluvisn^ 
fusoila. We are aware how ititere«ting it is lo preserve relict oIm 
post ages, giving ossome of thu coudiUonsof the world at varioum^ 
periods. Those relics are excceiiiugly fragile, and after many - 
olumay attempts- M. Stabl arrived at bis discovery. If the fo«il 
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t« onmpnctaod eompivrAtivelj firm, H ia saltiraUH] bv meaua of a 
brnsb with melted siicriunci'ti, Ixit if it is fmblo it is neceasary 
lo vniplo^ a lucItiKl mass oimposerl of four p&rU of sprrttiocati 
&nij r>iie of ciiltiplitiii y r««iii, w)ii<jti in couling gives great solidity 

to tile IDItHH ofllH.* fiiK*lil. 

1 Wtiulil, iu cuucluHiun, ilravr the s^wdnl alluiilinn to alt artiatH 
whii tiike in iDl«rest in Jeoirative art to llio iatcrestins: pap-.Ts 
piililiMlitMl receutly by M. (Iiifntv un tlie nut Imiid, nud \l. AV'lel, 
iif Puria, on the oL)i«r; lh« lirsL lieinp in ttif TtvhmtloyiMtg ni liut 
yuAr, tlio latter in the AnnnUs de Chimin et tie JPhyinque, iiii their 
rctipiKiive method); for overlug n luviikl with aiiotber, more 
valuable by ite prapcrli«;i or prceiotie by its qualiitea. These 
motbuda liHvo a afwcjul rpffrtfiice lo casl-irou or wroiif(hl-troii. 
lu Paris these procease^, which mny bo regiirdc<l ns not only 
oriiitmeuUil but lutefal, \t\ve becu Applied with great kuccchs. 
TbuB, for t^siimpte, iuittend of tho dirty, pitchy blticlc lnmi>iftta 
which oniniiient our Eti^Ush tnwua, there cno be seen Id Pari^ 
etegHUt, well-de^igneit, hrnnze-llke uwtq, whioh are pleastnj; In 
tlid eyA. The same eaii be siiid nf the fouiiuinfl on the Bont>f- 
vanj Sebostopol, the Pnlnee d? la Concorde, and many oth^r 
public promenades in Pari*^ which cicite the mlaiiratiun of 
fbreiguers viinlmg that city. 



ON THE WORKING AND CAPACITY OF BLAST 

FURNACES.* 

By CnARi/Bs CocifHAse. 

( With an Engrariwtf.) 

Mr lurthod nf taking otf iif gaa froiii a close-topped fornoce 
at the Ormi'ttby WorUii, Middli'sbrouuh, nnd the cun^tnictiou of 
iiach closed tup and lifiiiiff valve for charging, will be thoroughly 
uodenrtood by reference to Plate 3!), and the fignrea repreftei)t*Nl 
thereon; Fig. I, being a twrtionJil view of the oriijinal conatruc- 
tiOQ nf clotted top, with lifting valve, itxeil at the aboTo works; 
and Fig. S, shows a sioiilur experimentally used of the internal 
diatributing oone, with lifting valvi-; and Fig. 3, another Hoction 
of closed top, with Inworiug couevulve — thin arningemvut being 
the one Snally adopte*! and in gi-nerat nse: Fig. 1, exbiMt* thu 
tuateriaU being tilU"! into tlm exterior npnce B, surrounding the 
charging valve .\, which is dr.iwn tip iuto ihr p-isiLiou uhnwn by 
the dotted lines for allowing the niaterials to fnll into the furnace; 
while the gas is taken olf irom the furn.ice tup by the passage E. 

The UHUal pl.\n of c\ -m>hI top aih>pte>l in blnnt furnaoea is thsl 
represented Lu Mg. .1. Plato ^, in which it will be se«n ihsl the 
mitteri&ls are filled in aguinst a lowering one C, placed in the 
ihrontof the fiimnce, which on being lowered into the position 
shown dott«it fiernjitii their fall into the furnncc. The tendency 
of tlie tuaterin! in this onse is U> rull ontwardd from the cliarging 
cone to the siile of the furnace, and thence bjick agaiu to th« 
ecntre, as shown iu the drawing. 

It was t-hooghtatthe tiiuenf a<tv>|>tiug the plau shown in Fig. I, 
piste 30, thai the height of the lualerinls carried by the saron 
furnace would bo increased, and that a c(irrefi[Kinding economy in 
consumption of fuel would tTsnIt, owing to the c rcumstaoce 
thiic where the plan shown in Pig. 3 is a<lopteU, the level of the 
nmterials must alway>* 1m lu.iintained at a certain distance below 
t'.ie top, lij ensure the fall uf the cone C at charging time. Tho 
pinn shown in Fig. I wiu deviMeil with rlue r<.-i^ard, as it w:ut 
thought, tA tho an-angeioi^t of tho materisls in the furnace; and 
it was intended that they should nrrange thunittelves as shown 
by the dotted line iu that drawing, part of tho LirKsr materi;tl 
roIliuE to ilie ouutdu tif thf furnnct* and part to the centre. 

As long OS the furoiice could hv k«;pt s'l foil as to ensure the 
annngeinent of materials shown by the dot'ed line in Fig. 1, 
then* WAN nn reiifinn that it xhouhl not work nnif>'>rmly; but the 
prnctical result was that it w:is fiiuud impossible t'l keep the 
furnace sufficiently full to secui-c the diBirlbution of the muterjiils 
in the manner int^inded. Tlie level of the surface of the maierinlH 
Wits ijenerally below that intended, tho consequcno- "f which was 
that the material on falling into the fiirn:ice was r^hot into the 
centre, from whence tlie largest pieces rolled oiit^vards, and the 
whole uharge arranged Itaelf as shown by the full line in Fig. 1. 
Ttie re«ult of this was irregular working of Che furnace over a 
period of many monthsi, during which an explanation of the 
irrctgidarity was iu vain sought for. At one time it was thought 
the back prea^^ure ofiiia escaping gas had something to do with 



the irr«gDlsrity; at aae>lher tlio cuius wna aoughi for in Tb« 
dilllcnlty of keeping the hopjier valve A of the fni-u.nce tight, and 
the necessity for nsmg amaJI material around the v.dve as a kind 
of Inte between every charge, to prevent the eaci-;*- «( the gas: 
until it occurrc'l lo the writer lliat the arnuii-i'iiiprit nf tlie 
mat«ri:ds in the furnace was tho soteexplanati'u uf the dilhoulty, 
nud thai tts all the inalerial was shot into Uie t'^ntn- nf iht:. fur- 
natv the Minall pieces would remain there whiUt the large would 
roll m the outside. Believing that it was of gre.it imiM-rtance, 
in order to secure uniform results, that there should )h> a nuifuriii 
distribution of the heated gus from the beartti itv>:v the entlr* 
horiaoutal aroa of the furnace at eaoh stage of its hvitfht, he coa- 
aidered that the eSoct of any small material beioi? <- •llected iu 
any portion of the area would l>o to o1>struct the jMi»v(ge of thn 
gas at I hat part, and so prevent that [lortiou of the nii)t«rie| 
from being healed to its prof»er degree of temperature. 

heeming this lo be the explanation cf the ;> ' ' es 
exfwrieiiced in the working of the fnn>ac"> the wri": 1 a 

method of ilistribn(i:ig the m.'iteri.tl soaa ti) prevent riii/n u i.-^fult, 
by the introdnclion of a frustum of a cone D, Fig. i, aiisponde«i 
inside Uie thrust of the furnnce, which was foand to be all that 
was u^esaary. The materials then arnvntred tlu-nHelves in the 
desired maoDer, as showu in tbe drawing; and the residt has 
pince been a perfect nnifonntty in the working of tho furnuce. 
Where previously a yield of foun>]ry irm from the same furnace 
OMitd not bo relied up<in for more than about 2t b<->nrs fit a time, 
and tlie annoyance was incurred of the furnace suddenly clinngitig 
to white iron, the production of white irt<Q exeept when desir'Hl 
is now unknown. A coosidemiiou of iheso facts will lead to a 
fair estimate of the irapoi'tnnce of the amuitrement of ths 
matertals in a blast furnace. Anything that opt>ow!s the frre 
passage of tho avcouding boaiod gas at any fiort uf the furnsce 
must direct the gas iuto another ohauuci, and the m>«tcrinl thus 
left insudioicntty acted ti{K>n duds its way int~* the hearth at a 
low temperature, .<nd white irr_>n is the resnlL 

The effect producr^d on the distnbution of material by this 
internal frustum of a cone in obviously similar to that of ths 
ordiuaiy lowering cone wdeu lowered, shown in Fig. 3, Plate 30; 
and the latter h:is now cmsequently been finally adopi^ at tlte 
Ormesby Iron Works as tlie |>erauuieut form of Ibe nrntngemetit, 
nud is now being c\rripd out there. 

The most perfect action of a blfl.sC fnmace eonslsta in the 
developmenlof the highest lemf^erature needed for the pr(»duotiou 
uf the rc«]uired quality »f iron, in a layer or stnitom as little 
removed from the tuyeres as posgihie; and the gradual absorption 
of the heat from tho asoonding gas by the materials through 
which it liaises, until it leaves the throat of the fui-naoe at the 
loW'-'sl iKi-wible lempernturo. Anything which tends to ctiusc a 
more peH'ect lihtiorption of the hent developo<l in the hearth, or 
to lower the level of the region <jf Ligheat tein(N.>ratnrc in tho 
furnnce, will thus be beneficial. 

With regard to the absorption of the heat from the gaa, it is 
obvious that the hotter the tempermtare at which the gas escapes, 
the more wasteful must be the effect; nud iliciretically the height 
of A furnace should he increased until the tJiuifK-niLnre of the 
escaping gas is reilnceit to that of the mateiiids on their ininw 
diietion into tho fnrnace top. This in the theoretical limit to the 
height uf a blast fiirutico: but it musi not be for^otieu that lite 
less the ditference iit tj^mperature between two hi)dics, the less 
rapiil is the ootnmunirattton of heat from the hotter U^ the oxtler; 
hciic« for the absorption of Uie last fewdegreca of tcmperatur« 
fr*mi the ascending gas a much greater height of uialeriAl la 
necessary than where the gas and the material differ more widely 
in lemperaluiv. Already with .30 to GO feet height uf blast 
funi.aee in the Middleabn>iigh district the tem|ieniturs uf the 
escaping gas docs not exceed .'jOD' to i|(X)" Fabr.,- .and it Is a 

Jnesiion ^^ be nniwered only by exi>erlment how far tho gain 
nun the heights of 70 to 7o feet already ac-- " ' I at Middle*, 
brough, and rnrllior heighu of 10 or 20 f. d lh.\t are 

c^nteniplac^i, will comp«iisate for the extm ""rn. ui ni^ni!,' the 
umtorials to the additional hvight and for the niort.- - :>.['.ut.i:d 
jdaiit required. In the ilirection of height there isnnqiK^-iii'U.tbly 
on this nccouul a limit whicli will s|H>etiily benttained; supposing 
the limit be uut nreviuusty determined by the necrasity for io- 
creas«il preHsure of blast oiid by the increased difficulty ill work- 
iug the furnaces. 

As regards the benetit produceil in the working of a furnace 
by lowering tho level of a region of highest t«m[ierature, it in 
evident that Ibis beuadl ia uf the same nature as in the previous 
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ca4e, aincA tlie Invoring of that Idvel is eqtiivaloat to k& iDcroiiM 
iti tlie IioiKht of the furnace. The level of the region of higheat 
lemperaiuro in (Ic[>etiilant upon llw hent of ibe hlnaU a'"! i» 
hrniv^hl tiowri t)c;trcr tu ttie ttij-era^ uidy by tutiitg the hutter 
bliwl; :\iiil iu llie writer'i opinioQ tli" cliiff ftourcc of e&jnotn/ 
yet to be .■itti^iui-d iti ibe working of blast fiininw.^, independent 
of the nioro axIi>q>IimI .HppticHliiiu of the waste g.-u, )!«» in ilie iiuo 
of bliiKt hoateil to a atill Iiij{ht?r teui point iiro t'lAu thai hitlierto 
kiiuwu. Th« yitild t>f irf»u from fiiiy irouit'mi; io govern*! by the 
perveatng*) uf imn it contnins, nnj the cou9iiiu(»ti.jti of liiue*Uno 
by the imtiin- vf tin; inuwi'me; nnd loth lhc« are therofoni 
fistfit qnAiitititiH for Um speci-d lo it^rirtlj ampt'iytf-l. Bat lh«t \<t 
nut the ravae with ihc wilce, wliu'li .-irt^r* si fniiifnl 3'>iirce of mv- 
ing; and in what way tUeref-in.- tliia sHvinii i» efftiCi<d by iiicretued 
tviiipum^urtf of thd btis:. bnMiiic<i li iii-dt iiuportiiiit <)(ieiiUon, 
inviilving IU it lioes the ceneiTU tiicnry of hot blast. 

To explain tUo oili'ct uf tht- hut I>l,i'(t it \n ueevsaiirv t't regard 
U»e nilcugeii of tho ntmosphere nnil the ^-MiernttHl cnrbonii^ oxido 
A4 the groat h«*t "mrrii-rs" in liu* <>p.>mtiou4 of tlio h\n-*l 
furorKW. 'riiii cm.iiilprHtinu tnvi-lvvs twn iiiher'^— miiucly, the 
time reqiiirc<l for henltng thcr nlti-ngen froiu itM initial tainpei-.i- 
lnr« at enleriu; llio furua(.-« up to that nuodc*! for the fnaiou of 
the niftteriiils in the fnrnacc; iind also the iuethn<| by which the 
g;ue4 Hro Imtto^l. T.ikiug it for gmute^l iliut the elder, ami 
cons^iieijtly the dtnevr, pure oxygen is, the more intense is tho 
c<tinbu>tiou of (luyUidy burniu't iu il, tlu'rww evidently no Dece«- 
•ity fur lieiiting tlmcan^ititiieiiiuf the utiunsphere. ft » fuilher 
iibvioiH that (j()ppo»ing a<KX)^ Fnhr. he tho icmperniure required 
fur the Jii--iun i)f the ni.-»U'riiU t>n their re.it-'l'ing 'ho hi-arih, then 
every pituriil of the nitrogen iiiti^nliioed hy the l)l:is( tniiiit he 
miseil tn that temperature befure the fufion chu tuIcH plKvc. 

Now in A cold-nhist furniice the nicrogt>n ia introdnced nt tlio 
litwetit temp«>mtu^^, nn<l requirea neoea«iirily tho longeat time f<>r 
tfviitg niiiied to the rti-ipii^ite temperntuie; henoe the maxinuiiu 
Temperature in tho fiinmce h pnxluoed nt n higher level, nod 
ditTuMfl over a l&r;^er portion of the furuaco where it is nut 
wanted; ami it U c> j u deque it tly iuipojuible iu some cnscs ever to 
gel the lompci-nture HUtQcieutly high nC any ]MrL of the 
foriinoe to produce mnro thnu the iju^diLit^fi uf imn kni>wu ah 
forge iron. Iu pr«of uf this nuiy be meuiioned an ntteinpL mado 
winu! yenni "go hI the Oruiesby In'U Wnrks, Middlwhrough, 
to pi-odnee cijIiUMiut ir>in iifiigroyor foundry qunlitv. It wm 
iu vaiu howevtii- that the burden of ir»u>tt4>ne wiut rocluoetl, that 
U th« prottorti»n ofcolce increcuod: ihu teroperature of the hearth 
could tiot be sufficiL-ntly r.iiee<l to prxluw aiiyolber qaaltty than 
forge ir'>D, tho etTect of the reUucotl bufleu being oidy to tlimw 
au increased temperaturt! into higher regions of the furoace. The 
attcoipt Was cmwquently abiindooed; not however nitlil il 
became obvious that tho burden might havti been still further 
dimiuiH)ied with only the eU'eot of dimising the hottest teDi|>cni- 
lurv into dtill higher regiinis of the furnace. 

Whntever he:it ia imparted tii the nitntgcn uf the Htuirwphere, 
Aud aUo to the cnrbooic oxido genernied in thu furuaeo ix, of 
course delivered up again to the m.ilerials iu the furnace, except- 
ing only the portion lost by the temperature at which the gas 
tstonpes at the thn<At of tho furnace. The etfoot of heating the 
iMtrogeii bef'jre its entrance into the funmce now becomes 
more elcfir. It htis a tthorter ilitlnnce to travel up withiu the 
furnace before the nuiximam tempemturo is attained, for the 
simple reaAon that, haviug boon partly hoiuod oli'eady it requires 
Ia«K time to l>ecnme further heated to the temperature required 
Iu the fnrunoc, hacing got the start by the amount of its ituiUl 
tem|>vrnturu. Ilence tho fusing hcjit Is geoerate^l nearer to the 
tuyeres; and thii circumalanee, together with the sm:dler 
eXfuKtitiiun of hut bLtst oompiired ivilh eold Must on entering <lie 
furnace, sevmet to furnish a sutie>f(cl<jry explanation of the ni'ive 
immeitiate eil'cct ot' hrntcil air in picvciuing diffusion within 
the furnace of the region uf highest trinpemtui'c. 

As tu Uie method uf heating (he i.itrogen, it must be borue iu 
mind that the litNit gvnei-.ited in n blast fornauu ia cbtHiued 
wholly or nearly so hy the imiwrfeut oomhumioii of the carlxui of 
tho coko into cnrtmnic oxide as thu tiu:it roMult, a process by 
which tbeureticallv only abuut one fourth the total qu;mtiiy of 
heat is develop^l ihnt wmdd he "btained by the perfect combus- 
tion of the ttatue c:irl)<Hi luUi mrb»riie acid, nhowiitg a Iosm in tho 
fuel of ubfjut 72 ^>er cent, of heat: since one pound of csrboa 
'Virnt into attbonie oxide dewtxpes only 2BH'j units of heat, 
Wtiitst one )H>und of ciubou burnt iut<> enrbiiuic acid dovelopos 
bbout 11,700 unit* of heat, fc'ur although tho coiobuslton ot the 



carbon of the ooke in the blast fumaoe I* purtUlly or wbollfi 
into carbonic acid, so long as the supply of ()xy|;eu is iu rxeei^^l 
this condition appltos on[y to the lowur |>ortion of the fiirtwi^j 
ucarosb the tuyeres; and thi^ mrbonic ncid becomes ultimAtfly^ 
replaced to carbonic oxide by poasiug through the exoeu 
carbnn iu the mass of iucandescent ooku occupying the upp 
p)rlioo of the fumnce. If therefore the uitrot-en twr heatcdl 
])artii(My or wholly before entering the furunoe, by auy DieatkA.1 
involving tho periect comhusiii^n of tho fuel employed into cam 
bonic ootd, it follows that n large saving in fuel must neoeasarilvj 
result; and to give au idea of the real inHui-uce of the nitnigen a% 
tlie Atmosphere on the ooiiSMmption of fuel in (he blast furnac«(] 
the Writer )ih:i endeavoured to express iiiimerically ^^ >•} ••t 
produced by tikiiiif three ditTerent cases of the blast oir 
furnace at the various teinpenitures of .'»U', li-W', iinil li.V- , .-.,.. 
n'apectively. It U n<»ume<l that the air has to Im he«ted withiu 
thr furnace In .V)Ot)' f.ihr. In each uaso; that one pound of CMrhr>a 
burnt into cirltoinc oxide will duvelojM 28n(> units <<f heat, that 
Is, will raise 2881) lb. of water through t' Fahr.; and that tlia 
speci5o heat of ajr is '^n, Cnmpnreil with that of wtiler as l*tilJ(K 
It is farther assumed that 4.^0() cubic feet of blast enter tba 
furnace per minute; aud as UWO cubic feet weijjl) 70 Ib.^ the 
wuight of blast entering the farnaoe per miuQte will be 342 lb., 
77 per ceut. of which or 283 lb. weight is nitrogen. 

In tho three cues cited it will be seen that the work to be 
doue within the fbrnaoe U to raise the temperatare of the ftir 
throngh 

SDRO* In the fimt cue. 

aSSO** m the second. 

iSi'J" in the ihipL 

In th« ftist cnsB, namely to heat Srt3 lb. of nitrogen tliroagh 8860*. 
thwro wilt Ijn rw|nip«I 

Jfl3xg?flOX-g75 ^ ^^ ^f ^^^^ ^ 

■iA&(l *^ 

In the second case, namely to ha«l 303 lb. of nitrogwi thruoj^ 235t)\ 
tbers wQl tw r«quirwl 

taao *^ 

In the thini caae, aaniely to beat 363 lb. of ntlrugvo tbrougfa I^SO*, 
there will be required 

m xi8Sfl_xJ75^„ ,,, ^^ ^„j^ ^^^ 
2SS0 ^ 

These retnlls show Ibat Ui raise the temperature of the blast 
fr'>m .50^ Co Cr«i)^ before it entora tho fiimaoe cauMs « - ' . 

thu blast furm^jo of 1.9 lb, of ooko ont of 71, or n\f'< 

cent.; and that a fitrther IncrKise of tenipenitnre froiu < ir> 

1 l.'iO' nccaMt<tLs a Having of 1!) lb. out of ^>% or about ii per 
cetit. To a''ow that these calcolations «re not so nfrelyj 
theoretical ns might at first be suppntted, it may Iw here suited 
tli.it in the writi'r's experience the niising of the tem|.ieniture of 
the hh-it from CW to I ISO'* at the Oru'eoby Iron Work* haal 
HCoiMtipIisboil .\n actual saving of from 17 to 1» |>er cent, of ook< 
in the bhist fMrnnci^; and this was effected nt an expeuae of i 
outside the fnrnnoe of al^Mtt one half the weight of ooke saved^ 
within the funmce. The writer believes however that, were it 
in his power to oomparQ two exactly similar svatem* "f hol-air 
stoves, the addiliooal fuel couaumc'l outride the ftinu '' 
W'luM approximate more nearly to one third -.f the weight »»___ 
iusidf> the furnac than to nui> half. Hut tho dithculty of having 
to onmprtre the ordinary c.i»i-tron sto^Ts wiih the regeuerativel 
hoL-bliflt stoves, by which the hii{liest-uame<l tempemturo of IIM)' 
is attained, is ton great to nllnw uf the comihirisou being made 
more precisely. 

In the oold-blaat furnneo the method of heniiug the air is 
simply by its diivct cr>ntnct with the heuted material and 
incaudesceut c^ike, r\rtd it is heatud altogether at the expense of 
carbon burnt oiilv ioui carbonic oxide, iuMtoiuJ of iut'* curbonie 
acid. In the hot-n|a^t furnace, by the more o^Dipletu O'linbusllou 
of the heAtin-; fuel iu tho hutrbhist stoves, extt-tirir tn thd 
fnrooce, the nitrogen i^t Jioitteil nut only at a cost of fuel repre-j 
seiito«l by a Hiving of tlieoretic-tlly three-fourihs in the uctuslf 
wciuht of coke require.1 within the furnace to raise the nitrngtn,] 
to tTie same tem|}erAliire, but also with t!ie furthin* advrtni-ijrs' 
that Insteaii of burning coko it ia ci)al that la ttseil for 
piirpose. In other word-i, f >r evrrry pound of coal econoni; 
burnt outside the furnaoe in nii^ing the tenif^rature >*( the 
biaat, three pnumla of coke will be s.ivchI within the fiirnaoe, 
whether the funiMcu be open or dosat) at the top. 
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It may W tliotijjlit thai ft Crttntmrison mn'le Iwtwfen nn opeu- 
topfM'l furiinOA where tlit^ ^ita biii-r\« irw\y ii» il frxi»|>0«, aiiil a 
ol<w*-lu|>()tt<l furufiM wlitir« 110 aiiuh c<>)itiUu«tk>i) tkkea ftlnon^ is 
litttii fair one; tttiil llint ibe cuuibusllun of the gAa iil the tbroAt 
of the opeQ-tup^«hl fmimce, by iiupaitio^; lient lo lh« niaterinls 
at the lhi'A.it of ihe furi>itc«, woutd (elt iti favour of the coiisutiip' 
Uou of fuel iri tiie nfHjit-bipfieil thrtiniM, Btil fiu'.tH s|K'Hk 
Otherviiw, Aiid it appears that lUeev in prai:t.ica.Uy iiu ilifTcrfiico 
whatever due lo tins cause. 

It wilt thu.'i Ik neen thnt a <lefinite limit to tlie height of a 
faruaoe is mocui rVHclicl in pmctice; aud thai the mlvantage 
Janvtfd from iticreitiiiug the aclu:il height uf u furuace may be 
pcirtly eecureil by iiicroasiuf; the teiuiwraturo of the bUat, 
and tlieroby loweriog the region of runximum tompernture in the 
furnace. 

The ouly qnestiou ihnt remain* is m tn the dinmeter of the 
furnace, lu reference to thi-t dimension, the dnuKer that hft* 
been alluded to from the* formation of cohl maasea in the centre 
nf a blast furnace serves as a citutjon against ihe more d/ingernita 
Dormntion of cold masses attached to the siden nf the furnace^ 
tMhuically called scatfolUings. It is obvinuii that, if tho width nf 
the boshes of a fitrnnce bo large in proportion to the helRht and 
the volume of the awieudiDg gas, there will bu a tendency lo 
unequal ditfu^iun ot' the heat impitrtnd by tliat f^n» over tlie 
saooeasive hurizontal tiectiuns of the rurn.ice, and irregularitifS 
iu its working wilt cou^iequently sot in. There is tlieu u limit to 
the .liaraetor of the bnshes, the L-irgest "f which yet in us^o is 
believed lo be »lx>ub 21 feet; Wyond i his niiw it api)e:ti"s very 
qiieBliounbl« whetlter any b«ni>lici:d result would nrise, though a 
furnace has been slated tu l*e in c»iinie cf constructi< n at Cwm 
Celyn having n diameter of 24 feet at the boshes. 

The nature of the mawriala of the charge in any contempl.iled 
increase of the dimensions of a blatt furnace must be most 
s^^^rupulously bm-nft in mind. The d«nsiiy of iht^ oke is the most 
im)Kirtant consicieration; but next to that in the friability of tho 
ironstone itself. In the Stitfordahire district it would be uselvKS 
to build fiirnuces of the height contemplated and actnnlly 
employed in the ^[iddleHb^'nl>{h ilistrict, fur the simple rt'ason 
thnt the Staffordshire coke is IriiihU, and would be crusbeil most 
iujuri<~iusly by the weight of euprrimposetl material. 

It is tliU!< evident tliat the ncuial ilimeitaions of a blast fnmaco 
iu any pnrticuLur instaitco are much dependent upon spectnl locril 
ci renins Li noes; liut the writer has eudeavoureil lo point nut the 
general principles which guide the determination of the dtmeu- 
aiuus U> be adopted. 

/<tftM of BouUo?i nnd fToW, prutniniUy from the original StAo 
MSS. : eompntitiff also a Hut^iry of the Steam Engine. Hy 
•Samubi. Smllks. I^ndun : John Murnty. 
We have received, almost at the lost moment of going to press, 
Mr. Stuiles's Inst vnlnmo of the " Lives of EogiDvens,'' which 
comprises thmta of two of ihe most celf'brjiteil. Sn ntnch baa 
been written al>oiit Watt au4l the hintory of the steam engine, 
ftnd hid life by Mr. Mnirhead seemi^d so completely to exhaust 
the subject, that it might l)o sup|>o9ed nothing fiiither could ba 
■aid about il; but Mr. Kioiles, nevertheless, seems to have o(<t- 
lectcd a larp^ <^nanlirv of additional intrrefting oiatter from the 
extensive D>llcetiim of doeumenUi lin>iight front .'^ho, now in 
pOBnensinn 'f Mr. M. P. W. Boulion, of Jew Park, Oxtm, ihe 
anuidsoo ^vo believe i>f the Houlli.m who was asauciuled with 
Watt. Th'* MS. (Kipers ciminlted by the author consist, we 
are told, '* ui several thousand lUkcumputs M.-leeted from the tons 
of buMtness boi>ks anil eorresp-mdenco which hud aecumulate«l at 
Soho," which Mr. .Smites ban turned lo )><'od iic<;»unl, ;in<l hiis 

Krcxlnced a gt>o<Uy volume, which, uotwilhstaniiu)^ Ihe ground 
as been guuo over so often before, contsinw niuch oiigiual luatttr 
relating to pennons whose careera in life must always b4> (if grtnt 
interest to all who dfli^ht to watch the progress nnd ilevelcp- 
ment uf (jeniusand grent niecliHutcal skill. In o'ldiiton in the 
memoirs of Botdlou and Wall, the vtdume ci>ntitins nu-moirs uf 
the other inventors who laboured at the invention anil peifecti"o 
of the steam engine, nnd the author has been ennbleil lo gather 
from the tioulton )M([iL'rsa memoir of William Mtirdock, ti> who^e 
inventive genius and groat mechanical ingHniiity anrticii-nt 
tribnto has not hwin pnid by the public, wIhj have pffilted so 
much from bis Inboors, one of wbidi was the invention of gas 



lic;h(ing. This book, which containa upwards of 500 pag««, is 
h-tn«lsomcly printed on toned paper; il is illu&trntetl with two 
ndmirnblo portraits of Wattand nf Bonllon, and is abuutlnuily 
cmbellijihed with wo(«d engmvint;*, many of them reprvsenting 
places aswciatetl wiib incidents iu the life of Watt. We c.tnnoi 
tit the present time ex.imine further into the merits of the work, 
but muat content ourselves with a few extracts. Tlie Urst one 
describes the successful result ol the first steam engine made 
at Soho. 

" The fimt «ngins msile at Sobo wm one nderod by John WilldnKin to 
blow tho holUvm of his ironworks al firoselry. Great inleroii wait, nf 
course, fvlt in thu sucocm of this curiae. Watt took creat pfunn with 
llio <liuvviti|^; tho wurkiuen did Ihuir best to execute tJiti ^ovunU \*ktU 
aOL-tirAU'lv, for it wur tmdvniUxKi that miLuy onltmi dc{K'U<Ii-d upxii 
wlifither it workril aatuifACtonly cr nm. Wilkui-wan's iron-iuaniifacitirmg 
iwijfhlvmr*, wild were cvintfui plating ibe ervctaiai of Xewoamen f>D^nm, 
eiMfH-jwIeil th-iir op^mtions until they hiuX on opportonity ^f M>eing wh»t 
Hftultna and W»tl*a rngine wirild dn; snd all lonked fopwar<l to it« com. 
plvtimi with ths mott wiger intrrest. Wlwn oil wan rctuiy at Soho, the 
materials were packed up and wnt U> hp^m\l•.y, Watt seeomfionvini; 
tbam to sgperintend the erect^m H<< })mI xs yr*. nn awiiU-iU U\ wnnin 
be could intrust such a piece of work, nn whit;h *o wuch depoudtxJ, 'ihe 
eu'^oe wa« ereet^l sn'I resily fur uer about the begimiing nf 17T0. As 
it lippMMoticil u<mpl«:tiou Watt bvcoiim iiicte«uni;ly anxious to nuJie a 
trial (if \\» puwon. iiut Bcrtdluu wmtc lo hiiu ml V> hurry — DuL Ui k-t 
Llic vRj;inu make a ntroke until ev«iy ]>o«]iih]o lim<Iranu« to it" ■ut'i-'<'#f)ful 
action hiu] he«n nrnioTod; "and then," uiil Im. "in th. ' • ^xl, 

full t<> Mid do yo\ir beet ' The reenlt f^f tbe extrvine c&r' i tin 

f'lwtri lotion ami circtlon of thf ujifpoe ws^ entirely ».*; r.«;. ., It 
w<Tl<od Uj thu B'iniintti'^n of nW whr> »aw it, aud the fatn<« r*l BooJton and 
WsLtt brcaiiitf I'rual in tht.- midlaad counties." 

The manner iu which Walt was surreptitiously deprived of 
pecuuiiiry atlvantage from i1i*j iuveution of the crank engine is 
thus no'ice<l : 

" The 8oho workmen were ootorrUly curioun alioiit the new iiLVftnthms 
and Jwlai'tntidUK wbiclt Watt was ctostanily priHluolni;, %x»\ lliwo »»ii»lly 
fonned the subject of cuavensti'ia il their uy-houni. Whilo th« tn'Mlel 
of tlie crank etijpnr won uiuler oinntnii^on ui Siiho in tba tiiuiiii)«r tif 
17S", a niimher of the workmen met one SatunUy e\*eDinif. OL-nmlinif ti> 
L-uMoni, t<:i drink tntfetber st the " WagjroQ and Horses," a Iittlu okl- 
fo-xhtoni-d, ]nw-riH)rt'<)* niadilde public- bouse, still scsading in tbe N-ilU^ 
of KnniUworlh. The men wvtv Keaied round tbe little liitebvo-porluur. 
Utjtcinj; nMiit their wnrk, and Itojutinu, as men will An over lhi.rir bcmr, 
of the iK-w ami vrouilerful things ikhi<:n they were carrying fnm-nrJ \n 
titv fhops, I)ick Oartwnf;Jit, the pjttt^rn niakt^r. wan ona of tb« tnud*^ 
of iho pnrly. Ho was t>cciif>icd upon a model for the purpose I'f im>- 
dufiing mt^ry molioii, which he declared wi'uM prov« one of "' 
thinj^ Mr. Watt liad fiver hniught out. The other men wepf 

kiv»w aH alraut it, ant] ^' illuxlrate the action of tbe machine, t. i.^... 

proct-edrd to make a. nidn kketeh nf tbe (.-rank ujwn thu wooifm Lftlili' 
with fl bit of cbulk A jierson who nat in the kittJim rorur-r in tli': 
a«iniitf«! yarh of a wi.<rkni»o, <li«nk In gT«HKlilyan that ibe men hail lutai 
saying; for there were many eavesilm^ijtcrs cMutontly ban^r'ng alMiitt 
Sidin, i(>rne for the ptirjuitn lA piokin^ up surrrptiliDUii iur>>rmBli<iD, and 
otben to decoy aw*y sirillpd workmen who wpro in tin? M^-rets irf Uhi 

itiAiiufaatiiTO. Watt hinwclf Itnd n<-Ti r tbout'' ' ■' ' ' ' tt^nt 

for the utank, not livlii^viuK it to lir |>«tentAbl' >snl 

hsil no mch hmUlioti, and it L*> t.-\:ii ho |>i^' nud 

anticipated Watt by Kcnrini;^ a protoction for thv u<'ninvaiiu«-." 

From tbe extremely iuterestiug roem^lr of Murd<>ck, we 
extract ibo following accnnnt nf tlie commencement of his engsge- 
mcnt with Il^iulton and Watt, ami of his zcnl iu their service : 

"William Mnrdnok was not only a misit oxccJlent and et»dy workman, 
ont a man «l eminent merhonioal gumiis. He won the firs! mak-r of i^ 
model lucouiotivo in thi« c«.«ntry; bft was th« inlrfi', ,/ |,y 

gaA, jind th« inventor of mwiy vidtiable port^ of tht ■■■ /,\u<f 

hereoflcr to Iw deiwribwl. 'Hi'* father wus a niillwr.i i.i ti.i.. onii.i. at 
BoUow Mill, near lUd Cuiun.xk, in Ayn-hin', ai.d wm much e»u-»«R^( 
for bis probity and inthi-lr'-. k™ well a« for lii^ mscliaulcal ikill, \\f wax 
tbe inventor of Iwvollwi ai*t inm gear for milU. and bis »ttn wa« pniod 
to p»hibit, on the lawn in fpnt "^f his house si Sypnn.«'m HUI. llMid" 
worth, a [ii.-cfl of th« fint work of the kind rxecntwl in ttritain. It was 
cft^t for him at Camm Ironworks, after tbe pall4>m fumiwlicii hj him, in 
nil. William w - i 
On arri*'in8 »l nr 
rimoi- of mill-w>'r' 

littln mill. Hcjtr '■«■• 

of thctr opw '■•••'.-'■' • »t 

S.iho. M»' "U vrer« w.-cucl-tiueii In t^il tli^'ft- lai iJic »axs\tt 

rrnind, pr. : on tho known clanship of their poiintnrninn, ojmI 

thinking Uml tioy wnulil find a friend and advocate In Walt. B)il 
ftrango to bsv, Watt did not think .Votchnien ca[»able of l«c«niilg Srtt- 
cIm* mechanics. 



and bcougbt up to hia fiitJii 
'• destrmis fif ojit^uninj; a lo 

-K.(P Iv r.L.iI.l ,|,<M^.I1-,- ,M. I 
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Wbioj Mtmlnnk aO}(^} »:. Soho. in t)t<Q yc--ar 1777, loiuk for & joh, 
Wfttt wna fniiu li<iai>>, bul Le anYf BoulUm, vrU<j wiui u-sunJlj' MMMsaailiii! to 
eftUent ui ovory nuilL. Iii kiu wtfr U\ Munl'-olta itu|iurY wbutbar b« ooulii 
Jikv» II joli, i3':>ulU>D rojjli^i that wiirt wm raihiir nUck u-itti tliea) Umo, 
■ad thu every place wm filUxi ii]>. linnet; llm bnef OMnvenaUnH tliat 
cUMied, Um bUte young Sriitchuiiui. Uk'- nt<i»t L-onntry \mU in Lhc jut^ 

MArv of Aran)*pni, lia<) iioiin- .i-n; !•■ ;■■ i ■ ■•: i,, i-i i|>t willi ItiH 

tuuiil", ui](J uiii'oiih^'I'juaIv Uo)'. l Boulttin'n 

otbtnLioii wu [Jinictei] to tl)<.- ' ' > lo )h> uf a 

(H->:iili«r BukkB. Il vru not a fuU luvt, unr a clotlt lukt, ii'^r s irlnu^l IirI; 
I'Ut ii weiDWl to Iw painitil, *ad iHimp'iwil uf Kintie (ummikl oinlcriiLl, 
" ThaA M«tiu In be a ctirioua hvt of Iim,'' raid Elnaltoo, ktokinfr nt it 
mnrv oioaoly ; " why. wbat is it nuvlo of ( " " Timmer, nir," said Mur- 
tUtck, tnodoetlv- "Timiuur: Uo you taata to My tb»t it u Duflc of 
wood ■>" " "i «», sir." '• I'luy, koiv wm ib uuulci f " I tunietl it aiv- 
mI'. '-ii- ill A bit latbey of iny own inskmg-'* BouUou kiukeJ at tiu 
y('< .':uu. Hu hbl rijiea a humtreil ilegroM in his oatitnAtion. 

Hi -xI lonkinif, ttud uf ftn ■>pci) •a<l iii]j;ifiiuuuii cnuntctiHiiov; 

nu<\ U:.i<. : i ' i ■t-T, oiAf bt turn a W)»dcn I.Kt for hinuelf in a lathi* nf 
hi* nwrn 'I' I ' .'. .i.-< (iiviuf cniMisrh that He wm a utccluuiie of nu tocoa 
■kill. ■' \-u 1 . ■l'I ..niii, iiiv man," naiii ]ft>altiio. " ITuuik you, 
eif." •!ii.l ,\liin] iK .i,'! ■ ■, luUa filial IwiH. 

Wli'ui .Miinii-ul. i;UlciI u^';.m, Ik wjw at imue irat tiptw a trial jub, aftur 
which Uv wan iRili'n'tJ (W a T^ulnr tuuiii VVV l(.'an] fivni BntilU>n« 
nuimunkiiiluniOHHik tbiit be wu «iigat;c*J fur two j'muv, at 15«- * 
Wuvk when ut h-nu?, 17>. when fr<nn honxt, aQ'l ]8i. whnn in Lotakm. 
Ruull'.uiff on^'ati^tuiiat of Jkluntock waa amply jiuttilit.-d bv thu nsult. 
Bo)fin(u»g M a couuu<iii ui(?cluuuc, he applied hiaaoU dili^^ontly aud 
Caiwuicutiouajy tu \iu work, au<l bucatnc tnutai. Mure rtMiHiuublu 
(tutlcA Won oufitiilerl u> bini, aiul h« Mrove t» perform Uiem to Uki beat 
of hifl iNiwnr. llii) iuduotry aiid hU nkilfttliMM* <u>iri iaark>!d biin fur 
prnoiotiiin, and ht> roar from grade k' (^raJu tintil he boeame Ebrult-Jti ami 
^V^ttV flt<«t tnwtiod co-workiir and advUur m all thoii" nuichaiiical uiidur- 
takioi'ti •*! importanoe. 

^''" " "ijck w^nt itit<i Cornwall to Luke I'harsB "f tlic* riitriiit^i, ha 
pn. 1 rest amll he h-vl ftmqiierwl their .I^Mivls luid put tlicni io 

tb-ii - ..,iuij 'mlrr. He i!rviit(?>l hiui««lf to hia dull''* with a iffwl 

and ability tlutL L>jiuplut«Iy w.iu Wutl'a bviu-t. Hu una m> liltc^l with his 
work, UiAl nhm hu hn>] ail inip-irtaiit job io brui'l, ht- i''>ii|(l ocarcrly idcrp 
at hl(fhtM fur tlrinkin^ nf it. When tho cotnnr al Wbcnl Union Wan 
nsHily f»r ttnnmif, the p«opl« of tho hnaju" nt H«^lruth, in which Miirdi>ok 
!<»■' ' ' 'fatly dltturWd -^dp tdyhl by n etran^ nrnse in hi« ronm. 

St'v bl<iw« lilt ttM* fUxir uiA-li* tb'-iii ■■tort from thf-ir bed*. 

t)itr....'\: ■. :•■ I..!!".!; wu» »■ "(tiiiiy; d't«-a, "ITk-v nuht'd t-i Murdock** rftum, 
anri ihtTi- wiw Im in llia «hirl, IitaWu^ awny .kI thu bed-po^t in his tllodp, 
colibiir out, " \ow »liB i,'iii'5, bwlfc ' iinw nhv youa." 

Munlodc WAH tint Vhh Mi.-.i-.-4irul in miking hU way with tli<* rnnii/<h- 
ineti vnfh vehnm he wa« tirniii;hl intii daily contaot; nHlerd hu foagiit hi« 
Wii', ■'FnctioiH. One day at fhaoewnter. lome half-dozm of th* 

m>' ti» ouue int/> thf ent.'iuc-ruoin. and tiu'.ntiU bullyiiif^ him. 

Ttii/t i< ' 1 .1 III iji>t iitatid, and ailopUid n Iml' ' :. Hi liiekeil the 

dwir, nml Biiid, " Nuw Uirn, yu uliali ii'rt . ; .u.! until 1 have it 

(airly uut with you." Up »tvW-l<^l tloi I..., :, put hinuiclf in a 

tiiglitiii^ ikttitudii. Thr ('uniishtiieii I'tvn f^ir play, and while th<t two 
tak){ui[inl ill liAttle, Ukr olhvTB Aitb>'Ut inMM-rfriiiij. I<>i>kfd on, 'I'he txiti- 
kwl wkm MKin ov<?r; for Mur-look ww» a talL p>'w.jif>il fellow, aiul vpeedily 
vaiMjolfthcd bis oppiueiit. Tho olimn, eoviug tbt:- kind uf man thi^y liau 
tti dc^al with, uuid« ovtfrlui'ca of i-counciliatlou', aud they ibuuk bauua all 
round, Kn<l [urtiid th\: beat ut (rittn.lK " 

ON WATER SUPPLY. ESPKCIALLY TO SMA.LL 
TOWNS AND VlLLA<iKS IS HUUAL DCSTRICia* 

By J. BaU-BT l)EKT»)!f. 

Witr.K it W!i8 firal sa^gesied in me to reui] n pnper ou thiii 
Rubji-ct, it >x-sA lit tliu cli)4t9 v( September — perluipH the driest 
mnii:h on rec<ird — itad at tli6 eud nf ;i ilry »iimiii(!i-, followiug 
RiKilber Jrior «till, Iq wliicb the whole oiiiiitty iwd »ii^t:red from 
(IfiiiijjIiL The tfuggoatioa appeiiraiJ tu bo to upportiiae, thut I did 
tittl liewt-iLd for a m<iiuft)t in ul-lIua u)kiii it, Siiic« tlint tiinv wo 
have e]L)i«ntiuc«d ili« w«>tCcMt qihuiIi (October) il Icm fiill^'ii tu niy 
Int to record aiocc t hftffe Iweu au observer of raiufiilL This 
L'uiiivideQC« wotiM hnvo luado rui.' hMil^tie la briogmit tlic subject 
bt^fiirr ihi* ancitfiY, were it ttut that tt nptly bojirfi nut one of the 
|iriiicir>nl vieWA I am about to mlvancv, lor to t4ilk of the wane 4if 
wyitL-r, nr to dpeuk of waIlt In any .<thiifH;, iiuutedinluly nfter 
ex|*crieiioiiig tliu di^cuinfurts tif L'xcti^ilvB weiQc^ is to jutrolace 
uiy Btibjeut iiudor furbidiliiiu circuuiaUncuei. It luay, theii'fui-e, 
Ih) Iwllcr to prefnc« my ohmTVnituiis by slntiug th-*! tbe rfm»^dy 
for ihf yrcanitt objouiioiuibl*; condittou of the water supply of uur 
•luoll tuwuK Mud vllbigts iti Buniiuer, wbicb i urn about to leootu- 
itiaiMl, U lU« Uon4;a of wnter dl«cbarged iu wiuler; lutd the 

* iUul bafttr* th« ]l«ci*tjr o( Aru. 



appofliteneM of the greht HownfiUI of rain iti Ortolwr wilt be 
a|>parptit when it is poiute<I out tbnt if tlie qiinatltT whloh hna 
bii -ti nllowetl to mo to wiitite durini* that Riuglf mouth, in the 
Mi'il/uid aud South-Easleru counti'M, liml bwii utored for th« u»e 
of iii^xt suiamer, the quantity tMtle4?ti>d would h»v* ilone afforded 
ftullioittut provision Agairut a rept^titton of droa^ht. 

(Jbaervera of meteorology -now well that it ia not the fall of 
min thnt rxprcwc-a the lunoual of water cnpable of ntAra^, nnleaa 
il ht- in oxoeptionni inBttiiwi, where tlie aiirfacp ia DipoMHl njck 
with Ht oop inclinntiuoH. F<vH|>"nitlon nnd surfnce vcj^talioo during 
flpriiij; and snmmer lake Vt thcmselv^a a very large share of Ibe 
rniufall, lo^iriujif little or unne f'>r other Appropriation; whereati 
in ButuniD and winter, when these natural agencies are com- 
pamtively dormntit, the t<ivvmh tnkp^ plaoe, and in B-mie mon Ihe 
nenrl)' .ill [bat fall*) ifi di.'«t;hnr^ed fnom the nurfnce info tlM> rivers 
or nlworbed by the earth. It is thoivforo onite po^eihle to have 
» vi-ry dry summer with a rainfall above iK'* tn<^itn i]ii*f)iily, if 
the numlM'r (•( w>>t dny« are avrnparatively few, and the ,^neral 
hy^omtrtrical cnnditiiMt uf the atmosphere khcIi ar u> promote 
evuporatiou. The l.-mt iieveu months <fro<u the Ist April to the 
3l8i (October) will uervo u\ eicouiplify thia ertcot very ol«»rly.* 

In the early montba of April and Jun*? vre lia<l very little rain, 
and V9ry few days on which rain fi^ll, aud ve;^'otJttion bolu}; then 
in full vigour, and ev.iporAtiim active, there waa drawn from thir 
ground very much more moisture than was depoeiteil upon it in 
min and dew. The quautity nf nttn, however, thai fell in the 
intvr veiling monlhof Miybehig quite np loilie nVKr*pf, rtmnl*r- 
acted tu some i«xteut, thn det^eiimoy of April and .TuDft. Id Jnly 
and Augiiiit tho rain waa above the avcrnce, being inereaMt) by 
sevf^ral heavy falls durinc; thnnder<ittinn«, but «neh was the 
parched condition of the aoil, and the thirsty i«tAte of ve<;etntion, 
thai the mio whieh resie*! on the surface was quickly n1>«orbetl 
nU't appropriated, while thr\t whit>li paaseil off replenbherl ih* 
tiitiHiesand ponds, aud so fiinnflhed the poor of ourmrHl diatr-Jcta 
with water, which they otherwise would not have had. 

Thus partially replenished, we rencht'd the raonlh nf :>eplnnber» 
in wh'ch tliere waa literaMy no rain whatever in aerenU of the 
Snuth-flaRti^rn couniies, the only depoailion of wet or tnoiature 
boiug dow, which irna so heavy as to aniotint in nnme dayi to no* 
U^n weight and more per acre, an amount which admitted of 
being ueatiared in the rain-j;ange nod roconled. 

Tim toul quantity nf niin that fell on the ciutera side of 
En^^laud, bctMTcn the Ist April atid the 3()th September iudu- 
flive, may be itiu-itrated by the following CMe«:— At York, the 
fall nf raia waa 10*7 inchet, of wlijch f>'>) inche« fell in If) ilays in 
Auguat, and the remaiiuu^' .'»"4 inches was apread over 1(14 days. 
At Iliss, in Norfolk, the quantity that fell was 12*4 iDcbes, of 
which ft-3 inches fell in 30 days iu July and Au^'ust, aud tho 
remaiotng 3*1 inchee in 153 d.-iya. At the Hoyal ()t>servatory, 
(.Ire^nwich, tlie fall watt 137 iucliea, of which S-4 imHies fell fn 
3f> davs in the nrtnths of M.ty and Aagnst, and the reniaiuiog 
.')':i iuohoiS in 1.^3 daya. These figures, m divided, will explain 
how it has been that, with more than au average Cill of min, we 
have had a dry snnimer. 

[f wc lurn to the West of Rngland — that part of Ihe oonntry 
which hiia jienerally Iteen KuppHcd with rain in the propurtion of 
3 tn 2— we find the ralnfidl m I 'St roar very Utile excee<le'l that 
of the Baat. It will be apfiareiit, therefore, thai the viewa nod 
dednaiiooB about to be advancrd will apply to the west as w«U as 
to the eaMt, though in a le^^ti degree. 

The quiiniity of rain that fell at CaHisle in the six months 
from Ut April to the 3('th S^ptentbor waa 134 inches, of whSfh 
Si7 inches fell tn 3'> dnys, and the remaining 3*7 inches in 148 
days. At Mnnchesler, the total fall was 13 luehoa, of which 10 
inches fell iu 54 days, aud the remaining 3 iu 120 days. At 
Holsion, ill Cornwall, the quantity which fell during the nx 
months wan l&'4 inches, of which 6*7 inches fell in 36 days, and 
the other S*? inches in l-k* days.t 

This was the eumliiinn i>f the country when the rnina of 
l>!toliur set ill. Tho total quantity of rain which fell Id this 
month will, of course, have varied wttli Uitfereul localities, and 
it will be cHpecialty observed, when the records are examined, 
tliat ihe raiutall in tlie aonih and east of EngUnd esceeded thai 

* A<-'i:- '.<iH Tm alhmnwdka lbs iB«t«ir«la(y ol tka iv^mS 
year •*' sihI ftiraMr ]Kan. Tbt pecvakoae of Mrt ■m4J 
caintho > liM hoeji alMSI dostalQ tbo |WOpMYiMl fntnOf uv 
tA Its. asil tbt> -auin r'fin.rk «iii a|>ii17 Ui tbn qtuulw Innn vkich Ui* laln EaUk 

* Il mar be lnt«n«Uiqt lu cuiDtMrv tb)' vvJoiM (iiinswr ralaftUI* fSsM slxm wttt 
Um lalutalla ul 1m>i jumli aatl Iba lucia itlU ol tumur Jtcan : — 
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i>f tlie trnrlh nod wfHt verj ooDaiitentbly, aai] to u ilcigreu I believe 
nuver before recorded. 

In Su>wex itie (jiiitutity thiit fult ivnchod eleven iiu-))«H, \u 
Uartfurtlsliire hIkxh six ioclicx, in Stiifolk n,\toni «eveu iocliea, 
and ill Otiiiviill ahoot c-iglitiiich?.t; while Id Lancashire it hardly 
reaohe*! 6ve, nnd in Clieshire Ijnreljr IViur iucbes. 

ThuB it will be wt-n llmt tii Dnc oioutli, in wlncli there wers 
not nionj iIimi 26 rainy daya, the atnoimt of rainfitil viut iiu»ro 
than half ll>e minfiill of the previous aix motithii; and tbla Urge 
su|t)ily, it should be clearly reniLMiibereit, waa {•iveii ub, not whea 
Ttgelntiua wno on llm gmiiiid tu wize it, and evapomliun actire 
to wrest it ftom n», but when harvest bud cleared the ground of 
the crops, and tbe atmosphere was charged with nioisture, leav* 
iug u«aily the whole of ibe qnantity at our di«poaal, if wc bad 
only taken the I'ains to intercept it. 

It most occur tu all who may think nu this subjeut that the 
drought, which has b<!un rcpf-'ntod for two auunners, niay occur 
atfain with equal if net iucu-iided utTeot, and tliu reiloctioiiH which 
will aride to the mind in cuuUintplatitijf tlie auddcD and oopioas 
supply with which wc wure rcplciilsh(»l laut mouth, caunut fail 
to 8uggt*8t a remedy, even to the uciuiliiited in water (|UCHtionii. 

TliA little I have said ou the xubjoct of raiutiUl ukust have 
shiiWD bow advantageous it would bo if the cuunliy poaaeased a 
thorough HyBtem of ri-coriliug rainfuil and evapunitioD under pro- 
per authority, baaed npon eqni-iiistai.c statioufl of ulitiervation, 
and not depondont on the »p.-i6nioilio eti^irU of private iuiiifidliAla. 

As au iUustmtioQ of the truth of thiH remark, I )>eliuvd I am 
riflbt in stating that within these laut t^•o or thi^» years the full 
ofrjun on the SnowJunian range in North Wales has l>een di«- 
ooverotl, by the ctf^^rta of Caplain Mathcw, t.f Weru, near Port- 
uiiuloc, to be very considerable, fomiing. in fact, u aourco uf >u pply 
which DO one knew hiui existence. By a avrius of obscrvntioiis 
tttken by Captain Mnlhew it ia seen that in the p;ut auotnier the 
raintHll of the regiou rvferred to amounted to HO per cent, mure 
thtui ihe greatest raiuf lU in any place uf whidi rvcurUs are pub- 
li4he<l by the Regiitrar-general 

irCaptiiii Mjiihew'a Ggureti were compared with the miofidl 
of the lake diitritit of Cumberland, tliere would, I pie^uiue, he 
but little ditfci-euce between them; and when it is rentemberad 
that Liverjjjul, after spvndiug immense sums uf money in st«>rRge 
rmervuira and W(^1U, is wiihout a projier (|UhnLily, that Chester 
pouenes a v«ry inferior supply, and that Birkenhead is depeo- 
ileut U|.<iti wellst alone, the information ttnpplied by (!apu*iu 
Matliew, Uiough late in the annals of meteoroh>t;ical acieucc, will 
ha aeknowled^^ed to be of a moat valuable cimmoter. When 
(peaking i-f the deficiency of correct datu, let mo take this oppor- 
tnnily of expieftfting the nbligatiou the public aie under to Mr. 
li. J. Synti'U!!, for his greftt indu.sLry ami iierseverance in organi- 
sibff the best series of oUturvHtions in tite power of a prirata 
iudividnol. 

It ia tbe opinion of many that various ulrcum stances ara at 
work to leH>teu ttie rainfall uf this couulry, and to interfere with 
tho iuflutiucea which have hitherto prui*ailed, and there is doubt- 
less much to support this view. Draiiuige lu till its forms 
(agricuttuml or under-draiuage, arterial or diatrict-draina^je, und 
the dtaiuut^e of towns), the better ind dee[wr cultivation of the 
soil by Bleuui ptuugliing and stiniiip, and the clL-ariti^ of wood- 
land and worthleMi hedgcr«iwn, all hulp to reduce nuniall; and 
the mnltiiuile »f milways which characieriae locoliLies may havu 
tho influt^ucQ ^i. -JUidUer attribute* luthem.of attraciiugdonn- 
falla under certain oondttionR of the atuionphere. But the vtin- 
girl position i-f thU country prevent* a de&ciencr from bviirg 
Uijunuusly felt, r-rwe Lwe always cloae at hand an ineibauMliUe 
supply in lIil- Ailanlic Oeean, the North and Irish Seas, and the 
English Channel, from which the atiiioaphere can aupply itself 
with moisinre to any client. 

When ndmtitiug tluit the ituproved agricultural ooudllioa of 
Ibc aniTace of the lauil owing to •u^'Crivr husbandry may bo 
lessi-uiKg the rainf.dl, though In an in.ippreciable dfgreci it is 
desirablt; to r«mo\*t, i( |>oiiHil)te, the imprvtmion piwailiug in the 
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country that land drainage is helping to ditninish the qunntlty nf 
water diiioharged into our rivers. Kntliiug olh be more erroneoos 
than Ihia view; the effect of all drainage ix to incrtuute the wnlor 
dii»chnnjed from the aurfaco of the soil, but, UQfi>rtnn;iiely, it Ea 
diiKhargcd, not In summer when we want it, but in winter, when 
we have more than we want; and when, in its way to its ultimate 
Hestinaliuu, tlie sea, it oflen cau4fM Bowls and daniazo to the tower 
lands and towns which exist on the banks of the rivers by which 
the Hccumulnted wa(en paaa away. 

If we acknowledge that the object aimed at Id all works of 
drainage, pitrticularly under-drainage, is to dis4.<hnrge the exoMts, 
which would otherwise stagnate on the Und and keep it in a 
Ktato of ftaturation, until it eventually pawed off by evapnratioD, 
it ia clear that the nnantity discharged in so much given to iha 
rivers iuxtoad of to tm; atmmphere. The effect nf underdratuinp, 
is to make the land absorbent, and allow the miti *hal falls ou 
itssnrface topaati down into the noil, whicli yiuhUup to tho drains 
any exceaa that may exist after the releniiw pt-nperlioi of the 
soil nre satisfied. But it mast not be supposed that this water 
descends from the surface of the land directly into tbe drains, as 
I am sorry to say many i>eople think, but that it deeceuds into 
the earth, and, having sHtistie<l the dentan\ls of the VfW, rises to 
the general level uf the drains, when the excess pusses away by 
them. The popular notion, that drains are placed in the ground 
to cateb the descending rain, cannot be too sotm removed: they 
are place*! in llie latidtu carry off that which would rise to the 
iturface itself, were it not that the force of gravity is brought into 
action by the existence of the drains, which lin'')tne an many 
cliinncls for the discharge of the excees which tho noil cnuot^t 
i-elniii. 

It in statod by many, (00, tl^at tbe springe which fnand vent at 
llie surface of the ground before drainage, nre emdicM<!d and lost 
by undei -drainage, but this is not »r, on Llio uontr-nry, though 
removed out of sight, ihey ai<] increaseil in volume. Before 
<lraining, the water which furuteil these springs n>«e to the 
surface, and wu exposed to the aun and wind. The ie<4nlt tih 
iliat a large proportion was dissipated by evaporntiau; whona* 
drainage prevenia the springs rising to the surface, au>t thuit 
lessens evaporation, whereby the flow of water through the 
drains is incre.'ued hy the prjrtion rescued fr\>ni tho atmosphvi-u. 

Thus it wUl be seen that, though the fpiautity of water 
evaporated from the surface in reduced by drainage, and thereby 
the source of rainfall pro|K>rtiouatcly wi-Mk«iiiiil, the result id to 
augment in its uggregate qoantity the discharge into the rivers. 
If the genurol eRect of nnJer-dnduage is 10 increase in an 
ii'JTgnhir manner Uie water supply, there are ]>oints IwAritig 
upon our water economy which should have cfTcot in gm-crntng 
tlie m'xle in which lh»* works are carried out. It is not d^irable 
t«) eiiL<;r ii[hmi the mode in which drainage should lie pei*fonne<), 
but it is vury dosirnbto that it should be undentood that the 
rate at which water is discharged from tho land def»fndi np-m 
the nature of the drainage works. In uuder-diainage it d':>pt:itds 
up(tn the unmU'r of drniiia put into the soil; and tn ivtuin (K>ilit. 
if H greater iroiuU>r are adopted than nro nlwolntely necc««ary 
for Ktiiug the water in niotion, uut only iJu they uj cinie to ilm 
iicriuus rk-rangement of tht.- river systenis '><>t to the dvlriutent \.( 
tbe productive powers of tbe land itself. There is not a shadow 
of doubt that mueh land of a free ohsmcter is tteing draincil by 
a uniform system uf }iarallel ilraina, which, if diffenmily tif.ited, 
would he capable of ailvantagoously austatuiug instead of 
injurioiwly deranging the water supply — itud tht.«, loo, with a 
U-tter elf'ect ufion the pr^luctivu capabiliiies of tbu land itsetf. 
It doea not require an eugineer nor nn agril■ultnri^t to uiid^r* 
stand that i:Uy land^ should \ie drained iu a ditlerent w iy tu wet 
gt'ivcls und sauda. A vrry large |>ortioti of the icravtils and 
s;(ude of titii* country \rv »'■ wet as the cUys, and are d|inbl>' of 
beOomliig, by appr'jprnii" i|-wilwent, storage TKervoiri them- 
selves, to give out a ^i^-d supply of the best uf all walvr duriog 
Aummer, whereas, if they nre to continno to be thrcailml nud 
netted by drains as thov nm now, the waier hiihcrio ^lorvd by 
tliein \ti)l be diKL-har^- 1 with i>icrea«ing etfect ati dminnge 
exteiuis, attended by greater and more serious derangeonciit cf 
our river systems. 

These Pi'mark:^ nppiv t<^ Quderdraiuage, There is nnntber 
branch of drain , '.houijh at present affi'^eting the watvr 

supply of niroj •■ 1 but a flight degree, will, m* examples 

become more nuiuvtons atieet it very gri-ntly. Our cnuntrv t< 
iUvidAl iuti> numerous wattml toils, dmine^l by rivvr?, wiiioh 
flow down the BUtin volleys, and an) fed by tributary Ntruams 
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ID iiit»or T&IUys within the mine vaterahed. Mkot of these 
fQinor vftUejB nre w«.t«rloggetl, aud somo fev of tbom hnve 
already become the scene of operatiooa, uuder the Dniiunirc Aut 
of IbGI, by which they have been formed ioto drAinrvfje ilintricu, 
nod are discharging or are about lo diHoharge the w;iU)r which 
loLtged in thotii with tOHtatit (ifTuctUfiau the main vallevs bi.'tow. 

Tliia is the oWjc-ci far which dietricu are formeil. Bffi're diiuri- 
a^ thf* wnt4;r-ln^i;ed v^nlloys perfnrcneil the part of su mniiy 
reBervuirs, feeding liie atmiwphnrt> by evaporation, and the rivers 
by slow perci>lntioti, throuuh the euinuier; n"w, afl^r draioago, 
the water being discliargea in winter as quickly an ponsible, it 
or«rl<i«da theioaia cUaDoel, and coltecte iu the luwei* valley, and 
not only does injury there, but iulerferee with the f'^irne of the 
maiD rivers. Still, ilie draiiu^^ of such valleys i» so beneficial 
and no proBtnble, tliat it will proceed in i\iiUi of difficidties; and 
it need not be repeated (bat the water thus discharged !□ wioter, 
when it is injurioos, is capable of beiug turned to uso io summer 
wbeti it is wnuted. 

It is not the object of thin paper to dwell with acy detail upon 
tbesouroea upon which our perennial supplier, i.c.ourmain rivers 
and dtep weilt, dejieml. All supply i» g.itne<l primarily from the 
rainfall. Tlio subti>iranunn wat«p»i wliicti liud outlet by Hpriuj^ 
at the outcrop of differvot strata, audaudtnia our rivera and deep 
wells, nre al! led from the surface by raiu which deacenda during 
the winter monlha — from October to March indaaive — wbeo aa 
Already mentioned, the demands of evaporutiou and vci^etatioo 
are at a mintmnm. If the winter rtina are leu thun the average, 
the tubterraneaa supply is lowered iu proportion, purticolarly 
if tlry and hot suumeni intervene to cause an exc«M of 
evaporation. 

For the last three winters we have been deticlent in rainfall in 
several of the more important qoartera of Bnglami, aa will be 
scou by the following statement furnished by Mr. Symnns; 
and it is a well-known 6ict that io t)l».i<^ quarters the di.'ep 
welU were nerer ao Inw as at the present Itmo. If the minfafl 
of ibi.* comiuff winter should not hv duthcicutly above the average 
to make up for past deduieoey. the aequtfuce of com)jnrativcly 
dry winters and summers, which have oocorred since 1U61, 
will tell with fcTeat forcw. {.See Table abttve.) 

Ttie extent to which a succession of reduced raiufnlU in winter 
net U|)on the spriugs aud deep wells, is a subject to which 1 have 
recently eiven some attentioo, and I hopo at some future time to 
publiali the results. At present I can only tttate that roeasure- 
ineniu of wells, iu the water-bearing strata, indicate with reliable 
acetirncy ihat a sncoesaton of rednced raiulallv in winter, witli 
Intervening hot aummeri, lower the supplies beneath, ftod that 
any lucrense of fall in the summer does not raise the water level 
iu any sensible degree. 



This fact, aud the experience gained iu the use of deep walls, 
viz., that the increasing demand for watqr has alresay par- 
mnnently lowered the water level in certain water-btariog stnita* ' 
muat have the effect of renderiuf; such Muurce of supply a donbtfol 
one, and one of whiuh the Coat will iuereaee as the wells ! 
multiiity, tHj as to exclude their uae fur atnall towns aud vitlagea 
where economy is the first cousideratiou. Many large towns, 
however, nre now supplied by wrlU in the new red sandstone 
with exc«ll4*nt water; uthors by welU in Uu chalk and oolitic 
liands with water Dot fieo from objection. 

It has already been shown that tJie A^ect of draiDOfie t» to 
reduce the llnw of rivers iu summer aud augment them in 
winter. It will presently Iw seen, witeu treatiug of the increusiog 
demands for water daring summer, that oireumstauces cunduoe 
to depreciate the quality iu an irresistible degree, it will suflie* ! 
here to remark that all things are teoding tn tbe disoontinuauoe, J 
n^ r; g<»ur-'nil mle, of the use of rivent aa a means of snpply of] 
water for dcuie*iiic purp««es, altlioiii;h many large towns ar* | 
dependent upon litem. In cxceptioual oues tributary atnsamsj 
snpply oxcirllent water without any detracting etiect*; aud 
api-iiigs taken at their source will .ilwayti form envied object* by 
llioMj who are 8e«4ting supplie* fur large towns, but they are 
eeldom tn oe taken with impunity, for the simple reason ihiit 
rivL-i-s are smitained by them. 

Now let us consider to what exieut water is used for social, 
agricidtural, and commercial purfxises; and how far those objects J 
are likely to operate at that period of th« year (summer) whan 
the supply ia least. We kuvw from the published aiisua the . 
rate at which the population has increased, but we have no 
statistics by which we con arrive at the quautily of water used 
for household purposes, iu onntradistiuciiou to the various ways 
m whieh it in consumed — in the fucuir>', the slcHm-eDgiue. tUa j 
road, the fniiu. aud the garrleu. As the pupuhition Increases, i 
the qnaDtity supplied to each unit becomes greater too. With i 
iiicreaaing ctcauliooes, watsr-clusets are introduced into all places, i 
and our smaller titwiiti and villages are rivalling the larger towns ^ 
and cities in the luluption of those comforts which oioeasitata an 
iucrMsed supply of water. As the weather gels wanner, and tbs 
Dstaral aupply leas, the demantl increases everywhere. The 
extended use of steam in manufacuirletf, on railwayH, in th*i 
cultivation of the laud, aud in tbe duties of the farm honieatnad,] 
and the use of water in waiorlug roads and gardens, iucresBai 
the demand, and. In the aggregate, ewcU it to a very larga^ 
amount 

While the use of water is extending, and the simimer aapply 
becoming less by re<)ui.-ed rainfiill and by the operations of man 
on the surface of Uie earth, to what extent are our rivers and 
streams being polluted i Is it not a fiict that the water wo apply 
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to ODT h<nMpbold pnrpoKcit in rotnmnt intn t'he rivprv, on Inn^r 
M Witter bat ns sewnge ? This svnteia of (>xchHii^ Is going oq 
llirouffhmit the couutry, und, in iipile of nil c-ffiirt» tn prevent it, 
there *iwti lint Bppi-»r ty ho tiny power to exclude from otir rivem 
the liqtiiil rffiii!« of the sorfnce. In fact, the mnat nntiii-ol vjl'w 
Ihnt can he Ijiken of the om of rivers is m the drniim of tlie 
citiiulry thn'tigh which Ihcy pnra, f'tr, ftlthongh in the nhoH^nal 
■tnle o?" the conntry, rivers wore FApAble of snpplyiitg wnter for 
nil the pDfpoftes for whicli il was Iheu requireil. the cooditiuii of 
the country is so nltered hr increasing pnpulatioii iinil tra<le, that 
it is not a quMtioo whether the riveri alninhl rniKwer the 
cnmhined putpoMM of aupplyinj; water juid removing refune^ but 
b<tw thej can beat aerve their Dormal parpo««8 aa dnuDS, and 
drftins only. 

It i* Dot to be 80ppo!*ed from this irmsrk that there are rot 
wnmt rivers which nrny still l>e mnintniniMl to a11 time aa iho 
sources Irom whii:h to uliiain water for all purposes, hut theae ftre 
the eii,-«ption ami not thL- role; uor must it he sapi>orad that we 
arc to abandon the rivers to all the iHth tliat may W poiirwl 
into theio, hy which tlmir limpiil character shall te lost aa nne 
of the ffrent clmnns of our rural scenery, biit, it ninst be un- 
derstood to mean that, Ihoufth the rivers may be broufrht into iiu 
iuoffeniive condttioD cnpable of supfwrtiog ti«b. i\\ny cauo'it, 
as a rule, be made saflieleittly pure to iiapply water to huiuau 
bMnga. 

It may appear presuinpinone to bfx;ak bo emphatically opon a 
matter on which so many opioioDs do and vill exist, hut vhen 
it is mentioTted that all that hns yet been pmcticnily done in the 
WKJ of parityiog eewaf^e has foiled tn do mom than HL'pnnite the 
■olid from the liquid, leaving llie liijuid as noxious aa before, tlie 
presumption wit) not nppear so ercat. Science may eveutunily 
discover some means of appropriating the fArti)i.<iin(; gawd of 
seWHge, which, when once misml w-iLh watpr, acoonliog to our 
preMut knowledge, are iuite|>arabU from it. Wtieu tliuc time 
arrives, a tomewhat different view of the matter may be taken, 
bnt under any eireumstancee the principal purpow of rivers will 
remain the Mme, and the liquid refuse, after ntrliMtioo, niunt 
find it« way into Uiem, atid theroturo will Deccasitate their being 
inaintaiQed as draiua 

The shifts to which towns are already reiluced in order t<t 
obtain water and discharge their refund at the sume lime may t>e 
aporopriately iltudtntt-:Hl by an inaiauc, the particnlarn of which 
ran be veriGed. The case la that of Tiinhriilge Wells, in Kent. 
! eapectally select that lowu heaiUAe it is one of ronderu existence, 
und therefore fiiirly itinuti-atea what may arise in other placed 
whore oo towns exist. 

Tanbndge Wells is now a large town aboimding in (irst-ctass 
houses; indeed it is hardly ptutiiible in meDti>>n hut town oon- 
tniatog the same proportion of au[>erior dwelHogB. The«e houees 
are furnished with waler-clofels, and all tlie refine«l appliwiices 
r^qutring a large supply of water. To furnish that supply baa 
boi-n a very dithciilt niatier. In the first instance the springa,— 
which hurst nut on the pre-ent «i\\v of the town, and flowed oy a 
■mall dmnnel into the Me-lway (some five miles ofTi, providing 
th« po[intatiou along its hnnlcK, iiuch as it wm, with exct>)U>nt 
wiiter, — were intercepted at their hewl, and approprintod, for ilie 
purpo«e. Tliia water, after sen-ing the houuea, for wliicb it was 
ubstracted, was returned in its polluted siiitc into iis old channel, 
and tha»« it flowed to tho Medway n foul and oorrnpt«iJ sewer, 
bo eenaible were the landowners at Tnnbridge Wclln i-f tho %'aluo 
of the spring they had apprnpriatiHl, that, for tear lliey might 
be alfccUHl by any oftemtiona on the part of those to whom land 
was sold or let, covenants were iutr-idnoed into deeds of sale or 
ItMse^ prtdiibitiug the i>iirties from defiling with the property in 
Any way that mutt] ath<ct thexe Hpriugs. The supply no secnred 
aud protected is now found tn be insalTicient, and last year the 
aathorities applied to Parliament for powers to extract sprittgu 
from lauds some distauee away, and thereby absorb streams not 
in the valley of which Tnnbndgo Wells is Ibe beMl, but itt an 
adjoining valley, from which tho water, when takfti, will have to 
bo rai^-d over uiterpoeing high ground to a supply reservoir near 
Tunhridge Wells. 

Lnat year an etforl was made by the anthoriticj. uf tho town of 
Clirttenhnm to extract springs which were some of thu itourcuii 
of tho river ThameH; and, bail it nut been that the Thames was 
m metropolitan river, there is no doubt that the evil would have 
been consummated, and the villages and smaller plnoes wuuhl 
have raised their voices in vain. This cumi>nund syaiem of 
injui7, fintj in taking water (rom poor dislricta to tupply the 



rich, Hod next, giving them in return the discharged Mwa^^e, 
will of ueceaaity be partially remedied, for il is altogether agiiinkt 
pahli? justice that such a system should remuin unnhat^^. But 
It must not be imagined that a modiBcatiou u Iilch extenda 
simply to theeepamtioD^hy proceeeee of <ltM>doritt'tii->n and filtra- 
tion, of the solid matter from the liquid iwwaye, ho an to allow 
the lattor to pass away clear Into the rirer, or that surface irrigft- 
tion will restoiv purity. 

A siugle instance will illnitrate this, and tho case of Unrnard 
n, Arkwright will serve very well for the purpoae. Tho pUinti^ 
Mr, tlamani, was a furmor, using the Harlow Brook, in Easox. 
as a watering place for his oatlle. 1dU> (hi* brook the washiuge 
of the kennels of the E^ex Imunds were dinuharged. The wash- 
ings were particuUrly object iunable, bec&uite it Via6 found, in 
certain iuKtanoea, that thi- doga had li-en fed ou horses tliat had 
lH.-eu glaudcred, and that the skins uf Ihe d<^gs were oecaaioually 
washed witli iirseuic, so that two pniaous found iheir wny In »"nit 
shape or other into the brook. It w;us ataird by the pl.unlifl' 
that his ti'imes and unltju had been kUltfd by drinking the brook 
water, which thu defendiuit denied, and au actiou thcrvfcre was 
bmoght The caw* was tried, nud the court made au order 
thai the ohjeotiouable n-fuse slmuld not be diwihari^ed into the 
brook. The maiiter of the honndu, H[>on receiving the ordtr, f^t 
to work (o hiter and pi'ecipitHte the refuse, and, having made it 
clear, assumed that be had obey^'d the order. Tlio tenant id 
qnestioo did not concur iu this view, and 1 was directed by the 
con t to see if the order had bei-n obeyed. When 1 visited the 
ajKit, the filtered liquid was jwrfectly clear, but, auMpecting that 
it might Ktill be ohnuxioua, I obtained the assisiance of Dr. 
Toelcker to analyse .1, aud he took eeveral bottJes of the clear 
water away with him to his lalioratory ut Circucrater. The 
waiter waa left in the oorked hnttlrs for a few days, but when at 
length the doctor opened them, in the presence of his pupiU, to 
peilbrm the nntdyai^, the stench was en great th«t evrrrhodT liad 
to retire from the laboratory to avoid it. The filtered refusu was 
aa impure ae ever. 

If we trav(<l iinrthwardii, into the mantiiaoloriug districts, ure 
tliere see the streams, which, in their aboriginal state, v ere 
limpid and pure, partake of all the coloui-a of the rainbow, aud 
tslnled iu every degree of impurity. These facta arc not en- 
couraiting for the u»e of rivvr-wator for domestic purposes; aud, 
taking a general view of the futuriv — as well as the pretvent state 
of things — it can hardly be expected that any amount of impr^ive- 
menta can reader the rivers genendly fit for such puri>ofiea, 
however they may be imprnVfd aa a.rterial drntDS. If It were 
ueceeaary to adduce further proof iu snpiiort of this \-iew, the 
application of ^wage as manure lo the surface of farm laud would 
besuthcient in itself to eattafy any doubt, fi>r alth<^iig)i a large 
prop^trtioo of the manurial elements will he absorbed by the &oil, 
there will still remain ou the surfuw a proportion to bo washed 
off by stot-niH and otherwise, which will taint the rivers very 
objectionably, and will ueces&arity become greater as sewage 
irrigation cateuda 

That welU aro too costly and too precarious a source, and 
rivers too foul rind already too much reduoetl in volume t«i »erTe 
commonly BH snnn-cA of water supply, is not an originnl view. 
The General Boitrd of Health, in IHt'iti, reJL>ctad the two soureeii 
of rivers and wpIU as a raeauu of supplying the metropolis, and 
rvcttmmemled the atorage of drainnge water instead. It is not 
nrmnarj to eudoino the views of the Board of Health to their 
application of this system to the metropolis, as the aHtunptione 
ou which they were oaeed have not stood the test of siibBet^ucut 
ex|a)rie&c«; but iu a moditied shnpe the views of tho l^anl 
appear applicable, esfwcially to small towns and villages lo nimt 
districts. The ovll'-ctiun uf surface water in reservoira before il 
reaches the river* has been mo«t successfully carried out in many 
of our larger townn tn the north, viz., Greenock, Ghiagow, 
Bolton, Liverprol, Manche^tier, Oldhnm. and many others. All 
have thoir gathering grounds and resrrvoirn, and althongh some 
of these lowna have been on abort aupply this la^it summer, yet 
there is little dnubt hut that, such s\a the snpply has been, it 
was belter than could have been ubuiued from other eourccs. 

Theee uorthem towns, huweV(.T, have contented themselves 
with collecting the water from the surface only; in no iustanc*, 
that I am nware of, has it been thought necesftary to resort to 
onder-draiuage as a means of increasing aud purifying the 
supply, OS the gathering ymunila htive been in rocky districts of 
the primary formation, and the water collected has been «u(B* 
ciently pure withont it. But this aoperior oondition of surface 
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frirmntlnn applies to n Hmnll prnporiiftn r.r England on\y^ U ta 
wUli ^lie flHtw-r ijia'.ricia, upon w)iich Binnll tunil ln«u« and 
vill.iytrs ftre nimierouj*, that wo have at pi-eiwnt to dejii; and I 
will urtw endeftv'our tn ahow how, hy the stowge of auffncc iind 
drxinngo wntcr, they may be furnished with wnt«r in tho dripHt 
summer. 

There are few Bmall towtw and villnj^rs which htivn DOl in 
thoir origin had aotue rcfereuco tu the exiatvuce of wnlrr id the 
sliflpe tif A apriiii; '^"" ** "trenti). If it be a Bering cf sufficient 
volume it Diav be hnrdljr (Jduitite to improve tlia dupplv. tliuiigli 
M eotupnrod irith the water of drainiij^ it lutiy he ImnI aud 
iuferior. If it b« n stream of liku aii*ci*'Dcy, ontftiiitwl hy 
•own^e nod tuntitifiictones, the sniue remark may apply; l»it if 
lh«f 9Creniti Una Vc^rae impun* I'V the exienBion of tnule, by the 
tttif of wHUT-d<'*etB, or by any other an^de of defilemeot, i\m only 
quttitlou thi^t will Hriae before rejecting' it will be whether there 
nre not timua during the wiutcr fiejuon in which the impurity 
brcumes ao suinll by t)io Jilutum of rainfall^ that, with the help 
nf Btminers nud tillers, a sufiicicocy of the improved supply nmy 
ht collected nod preserved fr>r summer utne. It is munj than 
pnjbiilile that RD exaiuioati'>n of (he fucAA in in.'uiy cAMeM wonid 
tliow tlint thiH could be readily done. When the relntivc height 
of the brook and the tfiwn will not nllow of a reservoir being 
filled directly hy the former, recourno ciin be had to a wheel '»r 
ram lo nii«B in winter the sdiiimer supply. The liest formwl 
bydnialio raaiH, niiult; by Knstou and Amo», or FreemKU Bctwe, 
with an avnilnbic full iu the stream ot 7 feet, will raise to the 
beight of 30 feet one-eighth of the qnrtntiiy ihit seta them in 
mnlicn, nnd aMiimiDg a rcservuir fnrme^i ni«ve the vill.ijru lo 
reorive the water mised, n stream dimchnr^-iuf; 2^ gnll- tis per 
miiii|(c duritiz Ih^ winter niid spring, will bo snttiuieul to rni>«o 
ill l(jO days 7^,f3<iO gfdloua for uae diuiug the suinut-r ««id 
antami). A tnrbioe, or au overnhot whe<--l, might lake the pluce 
nf the mm with advrintagp when the qnantily of w;it«r to he 
miseil is grealcr thnn ilmi siaieil. lUii of coiiii^e the eipeiiw of 
either ram or wltev>l aiKt attend;tQi work? would be saved in those 
Instances where wnt«r can be broujthl from a height and con- 
ducted ml once ini'» tli« seivioe rem-rv .ir, with jui ovurflow to 
disriiargs the exccfct when the rtst-rvutr is tilled. But in mnny 
iiutnoctii, uVku where *lrcnms etist, :i beltiT supply may be 
obUiincd by the underdrnitinge ot land iu the ueigbbourhco'l; 
Atid if we reaort to it* we h,t/e d»t:i which will quite satisfy the 
most fnslidiuos ior^uirfr, showing ibjit the minimum dtschari;^ 
vill nfford a sitSiciiiit qimiitity of the very best water, if the 
area of drained land be sulBclent. It is surprising, too, how fen 
ncres of lanil will surtice for the purjioee. 

Wbeu Innd is undenlrained at sufficient depth (that is, 4 ft-ft 
At least) the drains geu<>r)dly ctMuraenee runniug in the mouth of 
Oc!ol>«'r, and cease f^ run about the end of May. The pri^poriino 
of the raiiifrtll which the drains will diachurge iu that [-eriod will 
tieoesiarily di-pcud upc<n tiie nature of the 'drained lo.nd, for the 
larger the proportit-n of snml or j.*ruvfl the more i(nickly will 
the rain be nlwirlKid nnd diHctiiir^ed, nnd the Inr^i.T will l>e the 
^UAUtitv n%'nilnble. In reverse degii-e will this be the awe when 
tlie wiil is chi3' — the denser it is the leiw will be discharged. 
Tlie proiHirtion di-wliurti*-*! will v:%ry (xn^orditiK tu the quidiiies 
MXpbiiut^d) fn>ni niDre ihtm two-thinls lo nl;»ut one-fourth ot the 
nilufall; thus, with a winter fdl of lo inches of raiu and smiw, 
whea the latter is melted the maximum may \te taken at IGiMK)0 
^nlloDs per .lere, and the minimum at ft>>,uj(> ;fnlUiits per acre for 
nvvry acre dinined. The menu discharge of draiue'i lands may 
ht Cuily taken at IlXi,00o guUons per acre. The water of nndiM-- 
drttinago is free from uU aniiual and vogelabto matt«;r, for the 
four fe«t of Boil tlirougli which it pa.<<s«fi absorbs all the ammouisc.il 
matter, and, iu fact, lornis the bfst chemical lilterer that is 
bnowu. 

Annlyses mido of draiu-igc wntera with n view to uaocrtnin 
their value for domestic t'urpoaeahave exbiHi^d most conclusive 
proofs iif ih'fir Htlptfriurity over otiiifr diipplii-a, when t*i purity is 
added the rpiallty of sufines;!, wbinli, for household useM, is a 
great dvtidurHtutu. hi this purtienlnr nil evidence BUp]>nrts thu 
Duticluiiiniis couie to by the U-mid of lltialth in lHW, hnt the 
quautity that the (.'oTi]tni^ionei*9 nssunie^l w>>qld bo avTulnblo la 
not aiipjKirtrd by exi-ciieuoe, aod then-fore tt is ilwt-, cufopt 
in a very few caWN| the water of drainnge nmy not be f"und 
applicable to large towns, ttiaujjli s|*eciaTly suitable for small 
oues. 

If we apply the ayatrm «f storing dmtnagc water for the 
supply of villages in summer, we umy (ott tlie question in its 



monslary iwpect by assuming the nvemge i>ntmlntion of rural 
vdUctiA to be 4i>0. If fttcli iidiabiLnut re<)uin<s 10 L'allons of wat<-r 
ptT diem (a qnnnitty quite snfTicient in placos wb*Te ihf> wnter- 
clortot system di-es ooc wholly prevail) it will require u *\i[ip|y «f 
•iW/Vxt gallons for the «nmmer. This quantity is Ijikeu on the 
asniiiuptiou tlint f<ir I3^t days, or funr mn&ihi in the year, thei-e 
will n"t l»c a snpnly from nnlinary amircws. 'IV ■»*ctire this n«'t 
qaalitltyt a oiinMiderablo allowance must bo madi' ('>r waste by 
evaponition, sml .V per cent, on the (^uautity required nhoutd l-o 
added to meet this lotf». A ivservoiv, or basin, to hutd T^iMKHI 
gjdhiua will, therefore, Iw required, and ihia quautity of water 
must be stored. 

It requires very llltie cnlotilatiou lo slmw that if nu aare nf 
land, iliiriog the peri*><l nf dtuchnrj-e ttill yield I(H>,i.iO(t gaIIona.it 
re<iuired lens thau 7i aerea to yield the retiuir^d quantity for 
■I'M} persons, or IS acres of laud where tlii« soil is of the d>rD6e*t 
elinraeter. Theee numbers uf acres woiiltl have to 1«> incr<'.\s.d 
where the niinfnll it* »> fnr below the average tiint a niiiiiiuiim 
<|iia!ilily of ten iiicl'*-* cannot be depended u[>on during tiic dis- 
cliarging period, Tim rpservoira nei-wsary to hold T30,0lK.I 
giilKius Would In-' rather mure than 4'l()Lhf of an acre, If the 
depth were 7.J feet. This extent ia u>o Ijirge for covering at a 
cost mfwleniie enough for village economy, and iherefui-e the 
proliability is that open p'>nds will take the place of rwemoirsi, 
it' they could l>e mado iiii>onit> couvenieui place al>ove the village, 
nnd could bo shadeil from the sun and proiect^-d from the wind. 
The expense of making the f>ond. using tlie earth to eitdjjiDk it* 
nnd planting the embankment so as to exclnde as much as 
po«tiblc sun and wiud. aod thereby to reduce evitpnratiou and 
jirvserve the purity of the water, would be alwmt X'4l.'i. 

Assunniig thvsr ttgures lufaiily represent the cost of supplr- 
iog a Til'K^e of -VHi inhabitauts with water, and the uumtMrof 
houses or loitaftes in the village to l>o 1(A), it follows that the 
oust per peMuu would Ik> £1 tit. 'M., and the oast per house £4 'it. 
It the cost were char;^ed upon the' liourtea, and the nioi;(>y wsrv 
borruwett (o d« the work, it could Iw rojKiiil by iustalmenls with 
inieriut in tluity ye:in* at 6^ per cent,, and the annual c)targe 
would arauuut Ut £iQ, or a charge upiui each house of not qailc 
C«. '.id. per atu'uro. 

The capability of thus supplying vilhigca with waiter la not 
corijVctuial ;— every day's experience in drniuagL' ouly o-utirnis 
the civnclusioti that there are few villages iu r«.liioh a^melhing of 
the sort might not be devised. In fact, the lignreu given repre- 
sent the woi-'l aspect of the suggestion, for milur<^ frnjuently 
nd'ords opimrtuiiities of collecting cbe water of dmina;;* witbutlt 
rei;oui>»* to ariiflcini ponds, iu hr.llows lod rendy-mnde rs;e(>- 
bicles whieU utay be ap[>ri>pHated with advhutnge. 

Of course it is assimie*! that there are laniU above the vtUat'C 
which require rlraimtgu and would supply tlit> reqtiimt water, 
and that the rt-fervoir shall be bo much al»->ve the village, that 
by niwinn of iron pipeH, with stnnd-ptfica and uips, the water 
uonid Un dfli^ered dnwu the street at oonveuicnt places, for tlio 
uae of tJie |«o .r. 

At preseut legal |>owers do not eilst eiiabtiiig cotlngo owners 
ID villages to charge their i ropei-tiea with the c<>ai of WHt4*r- 
siipply. Hut this qiiesiiou is uue of detail only, which wilt be 
met wheu the object is recognised aa ons worthy of legis- 
bttinn. 

In closing this paper, which I am well aware la very deSeieut 
in detail, I trust I may b<t allowed to express the hope that I 
have Hinted emmgli to lUti-act public attention generally to the 
ImportADt matter of the water e>cv>nomy of our couotn\ and to 
that of the rural lUslricts and viUngvs iu partieotar. 

1 regard dndn-Tige in its various branche* in conjunction with 
those natural sources which nro lieyon,] the reach of defdemeut, 
aa the mi>st i-imple and certaiu nu>auH of I'urnishing n pure sap- 
ply. This view is based on the brood facta, Ut. tliat of tlie 
LtJUOOiOOO of tuliabiinuiB iu Ktiglnnd cud Wales, abontono-ihird, 
or perhaps 7,lM10,l,'00 nuiy lie coin(iden.*<l to Iw scatterwi nver the 
facu of the oiuntry in smalt L'wux an<l villages: 2iul, (bat 
wheteas there are st le:(st l(l,tX)u.(K)0 acres of w«>t laud in 
£ni;lnnd wliich require ilntining, if they are OOt already dmiued, 
it would only ivquiie the water of drainage from le-™ thai) 
SrKt,(t4i'> acres to supply the whole ot that potiulntiou with water 
tu sniumur; and 3i-d, that this water, whlcii is the bi.*st of all 
water, ia created by drainage, ioasmuuh as it would U' evnpotaWd 
from the surface if droiuage did not discharge It 
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